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ABSTRACT 
The BDNF\TrkB signaling system which plays a major role in 

the regulation of neuronal activity. This neuronal regulation 

influences the potential role of this system in the therapeutic 

efficacy of many neurological and psychiatric disorders. 

Despite these roles decreased levels of BDNF are associated 

with diabetes and obesity which can be regulated by 

increasing the insulin sensitivity and glucose tolerance. BDNF 

mediated signaling through phosphoinositide 3-kinase (PI3K) 

pathway plays a key role in insulin sensitivity. These 

beneficial effects of BDNF as antidiabetic agents can be 

enhanced by the activating BDNF\TrkB signaling. These 

multiple functionality of BDNF\TrkB complex relies on the 

protein-protein interactions where those interactions are 

important in designing pharmacological targets. This 

apporach focus the use of BDNF peptides in place of BDNF 

protein in binding to the TrkB receptor. Protein–peptide 

docking studies were performed to know the interactions of 

the TrkB and BDNF peptides. Docking studies were done 

using ZDOCK pro (Accerlys Discovery studio). The 

interacting amino acids residues identified at the binding site 

were THR 306, LYS 308, CYS 5 ASP 370. 

General Terms 

Docking Studies, Receptor, Peptides,  

Keywords 

BDNF\TrkB signaling system, Protein–protein interactions, 

Protein–peptide interaction, Diabetes mellitus. 

1. INTRODUCTION 
The biomolecular interactions in many regulatory processes 

are often a consequence of specific protein–protein contacts, 

exerting their central role in controlling many cellular 

events[1-3]. The fundamental processes governed by these 

protein-protein interactions are signal transduction, cell cycle  

proliferation, cellular architecture biosynthetic and 

degradation pathways and 

their regulations, immune response etc[4]. The cellular and 

molecular level understandings of these events can be known 

by the quantitative structural and functional analysis of the 

interactions of the protein complexes[5-6]. The findings of 

how the interaction of protein complexes enable these 

biological processes help researchers to identify the 

underlying causes of many diseases and ultimately develop 

targeted therapeutic strategies. The ubiquitous 

pathophysiological role of PPIs  in a large number of diseases, 

make them attractive targets for pharmaceutical 

intervention[7-9]. The quantitative characterization of the 

interactions include locating the binding sites on the surfaces 

of both proteins, detecting the residues that mediate the 

interaction and their differential thermodynamic contribution 

to the interaction, measuring the affinity of the interaction and 

studying the biological role of the interaction in cells. A major 

rate-limiting step in PPI is studying the conformational 

changes between two full-length proteins which is not so 

easier [10]. PPIs having flat surface and featureless 

topologies, exhibiting great conformational dynamics and 

surface adaptively to accommodate one or more protein 

partners, whose interactions distribute over large surface 

areas[11]. In order to overcome this here we presented the use 

of protein derived peptides in place of one of the  full length 

protein. The main shortcoming of using linear peptides for 

therapeutic purposes is their wide conformational range and 

short lifetime. Studying the interaction between a full-length 

protein and a short peptide derived from the protein’s partner 

is technically easier than studying the interaction between two 

full-length proteins. The binding of a peptide to a full-length 

protein may also be used to characterize conformational 

changes that occur on one partner participating in a PPI. 

Protein–peptide interactions are also studied for biophysical 

characterization of PPIs, such as quantifying the affinity, 

kinetics and thermodynamics of the interaction [10]. 

BDNF is a member of the Neurotrophic factor family, 

expressed in the nervous system and periphery which plays a 

key role in regulating and maintenance of neuronal outgrowth, 

differentiation, synaptic connection, and neuronal repair [12]. 

In addition to its critical role in helping shape the  nervous 

system during development, BDNF is of particular therapeutic 

interest because of its Neurotrophic actions been implicated in 

the pathogenesis of neurodegenerative and psychiatric 

disorders [13]. Responses to BDNF are mediated by a tyrosine 

receptor kinaseB, TrkB. Binding of BDNF rapidly activate 

TrkB activity, leading to receptor dimerization and activation 

of the catalytic tyrosine protein kinase domains. The 

dimerized Trk receptors autophosphorylate several key 

intracellular tyrosine residues, which rapidly initiates  

intracellular signaling cascades   such as mitogen-activated 

protein kinase, phosphatidylinositol 3-kinase, and 

phospholipase C-[14]. Beyond the importance of BDNF in 

neurological development and synaptic plasticity and its role 

in learning and memory[15], there is evidence that 

demonstrates that it is also essential for body weight control 

and energy homeostasis.  Low  levels of BDNF have been 

found in individuals with obesity and type 2 diabetes[16] . 

BDNF treatment to obese and diabetic conditions significantly 
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suppressed the blood glucose, food consumption, and dietary 

body weight gain, while also enhancing the energy 

expenditure, glucose and lipid metabolism etc.[17-19] BDNF 

exhibits hypophagic and hypoglycemic effects in obese 

hyperglycemic conditions indicating its antiobesity and 

antidiabetic effects [16,20]. However, in humans with type 2 

diabetes, levels of BDNF were decreased independent of 

obesity, suggesting that BDNF may regulate obesity and 

insulin resistance via different mechanisms, particularly 

through the insulin-stimulated phosphoinositide 3-

kinase(PI3K) pathway  important not only to neuronal 

survival and synaptic plasticity but also to insulin receptor 

signalling and insulin resistance. Here the coupling of 

BDNF\TrkB signaling system to PI3K pathway increases 

insulin sensitivity by preventing pancreatic exhaustion by 

maintaining the histological cellular organization of β-cells 

and non-β-cells in pancreatic islets and by restoring the level 

of insulin-secreting granules in β-cells. These findings of 

BDNF in regulating insulin sensitivity makes them as 

important therapeutic targets for treating diabetes and may 

provide better antidiabetic agents.  

2. MATERIAL AND METHODOLOGY 

2.1. Preparing protein and BDNF peptides 

The initial crystal structure of TRKB with PDB entry 1WWB 

containing 103 amino acid residues at a resolution of 2.10 was 

taken from the PDB database and energy minimization was 

carried out using Discovery studio. The BDNF peptides were 

constructed using fragment builder in Discovery Studio. The  

peptides taken were  I-(R)-I-D-T-S-X-V-X-T-L-T-I-K-R-G-

R(peptide 1), Y-E-T-K-X-N-P-M-G-Y-T-K-E-G-XR-G-I-D-

K((peptide 2), and S-V-X-D-S-I-S-E(peptide 3).the 

constructed peptides were carried out with energy 

minimization by applying steepest descent method followed 

by conjugant gradient method until the convergence gradient 

was satisfied. The prepared protein and peptides were further 

processes for docking studies. 

2.2. Protein-Peptide Docking 

 
For protein-peptide docking studies, we employed the dock 

proteins protocol (Discovery Studio) to generate a set of 

possible configurations for the BDNF peptides and TrkB 

complex. The ZDOCK protocol is used for docking the BDNF 

peptides to TrkB and the RDOCK protocol for the subsequent 

refinement of docked poses. Zdock is a rigid-body docking 

algorithm using a Fast Fourier Transform (FFT) to perform an 

exhaustive six-dimensional search in the translational and 

rotational space between the two molecules (Chen and Weng, 

2002; Chen andWeng, 2003). Each protein is projected into a 

three-dimensional grid and different values are assigned to the 

cells of the grid, representing the surface or the interior of the 

molecules. The rotational search sampling grid can use a 15 

degree grid which samples a total of 3600 docked poses, or a 

6 degree grid which samples a total of 54,000 poses for more 

accurate results. Zdock searches orientational space by 

rotating the ligand around its geometric center with the 

receptor protein kept fixed in space. For each sampled angle 

only the ligand translation corresponding to the best geometric 

match between the two proteins is retained. As part of the 

ZDOCK protocol, the ZRANK function is used to rerank the 

docked poses. The obtained configurations for the complex 

are ranked based on a scoring function combining shape 

complementarity, desolvation energy, and electrostatics. The 

RDOCK protocol can be used subsequently for further 

refinement of the docked poses, using a CHARMm-based 

energy minimization scheme for the optimization of 

intermolecular interactions with a scoring function being 

composed of a CHARMm electrostatic energy term and a 

desolvation energy term. For both complexes, the best pose of 

the docking prediction reproduced the X-ray structure within 

RMSD of 1A. 

In the initial stage of ZDOCK, peptides of BDNF and the 

receptor TrkB are treated as rigid bodies and all six rotational 

and translational degrees of freedom are fully explored with 

scoring functions that are tolerant to conformational changes. 

No contact information was used, which can filter hits or 

block residues during the search. An evenly distributed Euler 

angular step of 15 deg was used for rotational search, which 

results in 3600 poses. In the RDOCK refinement stage, the 

2000 best poses of near native structures obtained in the initial 

stage were refined and re-ranked using a more detailed energy 

function that takes into account conformational changes as 

well as a salvation term. 

3. RESULTS AND DISCUSSION 
Protein-peptide docking studies were done for the prediction 

of numerous possible BDNF peptide /TrkB complex 

structures of which only a few of them resembling the native 

structure.  Choosing the near-native structures from the 

generated set is a key element in predicting correct binding 

mode of the protein complexes. The PDB structure of TrkB, 

1WWB and the BDNF peptides were taken for docking 

studies. In the initial stage the rigid body algorithm ZDOCK 

was used to generate protein-protein complex structures. This 

docking approach generated a total of 3600 protein poses 

(hits) for the entire study as ZDOCK outputs 2000 protein 

poses per job. Once ZDOCK has made its predictions, the 

2000 protein poses must be refiltered for further processing. 

In the second approach a more flexible energy minimization 

algorithm RDOCK was used for complex structure re-ranking 

and refinement stage. Based on these ranking the best protein 

pose was selected for analyzing the binding mode of the 

BDNF-TRKB complex and interacting amino acid residues. 

 Figure 1 illustrates the top ranking pose of predicted BDNF 

peptide - TRKB complex conformations that reveal the 

correct binding mode of the protein. After the RDOCK 

refinement process, among the binding interfaces of the 

protein the side chain movements re observed and with 

unchanged conformations in the backbone conformation. 

Several intermolecular hydrogen bonds consistently form 

between the active site regions of the BDNF and TRKB 

complexes. 
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Figure 1. Top rank BDNF-TRKB complex, ZDOCK pose 

 Remarkably, for the BDNFpeptide-TRKB complex, the first  

ranked pose out of the 50 RDOCK predicted poses are 

clustered around the common binding mode. This finding for 

a BDNFpeptide-TRKB complexes is consistent with 

computational free energy calculations conducted for knowing 

the interacting residues of the BDNF peptide3-TRKB 

complex, where it was found that interactions amino acids 

were THR 306, ASN 6, LYS 308, LYS 4, CYS 5, ASP 370  

which are  the major contributors to the overall stability of the 

complexes.  

Table 1. Bdnf-Petides interaction energy calculations with 

TrkB Receptor. 
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4. CONCLUSION 
In our present study, protein-peptide docking studies were 

performed to know the binding orientations of the BDNF 

peptides and TrkB receptor. These docking studies also 

provide in depth understanding of the interaction at their 

binding sites of peptide groups and receptor sites. The 

interacting amino acids were THR 306, ASN 6, LYS 308, 

LYS 4, CYS 5 and ASP 370. This protein-peptide docking 

studies of BDNF and TrkB provides a great assistance in 

understanding structural details and may lead to the 

establishments of therapeutic approaches in designing of 

effective drugs for diabetic mellitus. 
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