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ABSTRACT 
One of the basic mechanisms for cell signaling is represented by tyrosine phosphorylation process. By this, metabolic pathways, cell growth and differentiation, membrane transport, apoptosis and other crucial processes within the cells are controlled. The enzymes involved in this are known as tyrosine kinases. Human Fyn tyrosine kinase (p59fyn) is one of the non-receptor tyrosine 
kinases belonging to Src-family kinases. It is activated after stimulation of T-cells by different triggers. Like in many other kinases, Fyn kinase catalytic domain is evolutionary very conserved. Therefore, it represents a good candidate for homology modelling and structure-based drug design (SBDD) techniques applications. There are some proteins belonging to the same class already 
present in Protein Data Bank (PDB) with well characterised 3-D structure. They can serve as a good starting models for further knowledge-based modelling. In this way accurate data on 3-D structure for not yet characterised proteins, can be obtained. In respect to Fyn, for this purpose, several template proteins have been used. They all have up to 70% sequence identity towards targeted 
protein - Fyn. COMPOSER suite of programs has been used in creating 3-D model. Quality of the obtained tertiary structure has been checked by two programs: PROCHECK and PROSAII. Knowledge about 3-D structure of Fyn and active site characterization, can help in using SBDD as a method of choice in designing its specific inhibitor. Staurosporine as a potent non-selective 
standard inhibitor of most tyrosine kinases has been used as ligand in Fyn active site characterization process. Its inhibitory activity on Fyn tyrosine kinase has been determinated in vitro by ELISA immunochemistry method. The obtained results were combined with results obtained in silico using predicted 3-D structure of Fyn. These data were compared with the literature avilable data 
on other kinase structures that have been (in most cases) experimentally obtained.
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INTRODUCTION 
Protein kinases enable transfer of γ phosphate of ATP to specific amino acids of protein substrate, mostly tyrosines
[1]. Phosphorylation is one of the fundamental mechanisms of cell signaling (from cell receptor to the nucleus), cell 
growth, proliferation, differentiation, metabolism and neural function [2,3]. Within a human genome, there are 
more than 2000 protein kinases [4]. Human Fyn tyrosine kinase (p59fyn) is one of the nonreceptor Src-family 
tyrosine kinases. After stimulation of T-cell antigen receptors Fyn is activated [5,6]. Fyn tyrosin kinase is probably 
in interaction with CD3 subunit of T-cell receptor [7]. Enzyme-Linked ImmunoSorbent Assay (ELISA) is a good 
method for in vitro determination of tyrosine kinases activity [8]. Molecular modelling techniques such as GOLD 
[9] can be used for automatic docking of ligands such as Staurosporine to Fyn active site.

MATERIALS AND METHODS
Fyn sequence from Homo sapiens was retrieved from the literature [10]. Homologous sequences were taken from PDB [11]. For homology modelling COMPOSER set of programs within Sybyl 6.7, and for docking GOLD program (Ver. 
2.0, CCSD) has been used [9,12]. Resultant tertiary structure is minimized with the TRIPOS force field [13]. PROCHECK set of programs has been used to check stereochemical parameters and quality of protein structures [14]. Nativity of 
the final model of predicted 3-D Fyn and 2SRC as a template was checked with Prosa II program [15]. Fyn and Lck kinases were expressed in Sf9 (Spodspter frugiperda ovary cell) baculovirus and isolated in PLIVA – RESEARCH 
INSTITUTE Ltd. ELISA method for determination of tyrosine kinase activity is also established at our Institute. Staurosporine (S-4400, 50K4028) and O-phenylenediamine substrate (P-8287, 099H-8200) were obtained from Sigma. Anti-
phosphotyrosine antibody PY20 (mouse) peroxidase conjugate used in 1:6000 dilution is obtained from Calbiochem (525320, 019403).

Figure 1: Structural organization of Fyn tyrosine kinase.

PDB Code Protein Name % Of identity

2SRC Tyrosine-protein kinase Src 77,0

2PTK PTK transforming protein Src 71,7

1QCF Haematopoetic cell kinase 64,4

1AD5 Haematopoetic cell kinase HCK 62,6

1CP3 Complex Of Apopain <20

Table 1: Query result from PDB sequence identity search.
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Figure 2: Ramachandran plot shows the phi-psi torsion angles for all 

residues in the structure. Residues are localized in most favored regions 
(dark background), additional allowed, generously allowed and disallowed 

regions (no background). (A = row structure; B = final structure).

Figure 3: Secondary structure profile of Fyn tyrosine 
kinase, estimated accessibility of particular residues 
in protein sequence and Ramachandran regions.

Figure 4: Three-dimensional structure of Fyn tyrosine kinase. N-
terminal part of molecule is shown in orange, SH3 and SH2 domains 
are shown in violet and blue, respectively, a flexible linker is shown in 
red, kinase domain is shown in green and a final tail is shown in yellow.

Figure 5: Prosa II measure of protein quality. Energy graph of the 
Fyn model is shown in red, and graph of the major template 2SRC is 
shown in yellow. In these energy graphs negative values correspond 
to the stable parts of the molecule. The Z-score value for Fyn is –8,4.

Figure 6: Structure of Fyn kinase domain ATP-binding 
site with Staurosporine docked to binding site. 
Important amino acids are highlighted with blue letters.

Figure 7: ELISA Staurosporine – ATP competition test. IC50 values for this standard 
inhibitor were 26 nM (1 μM ATP), 206 nM (10 μM ATP) and 2,2 μM (100 μM ATP).

CONCLUSIONS

Interrupting of the signaling pathways of some tyrosine kinases with some specific inhibitors could 
prevent cell activation, differentiation and proliferation and can be useful in treating diseases as 
cancer, alergy or autoimmunity.

Solving three-dimensional structure of Fyn tyrosin kinase can help us in using Structure-Based Drug 
Design as a method for designing inhibitor specific to Fyn. 

Since the Z-score value obtained in nativity plot from Prosa II program [15] is –8,4, we can conclude 
that 3-D structure of Fyn represent result of high quality. 

With comparison with literature data, we can identify precisely active site of Fyn and we are able to 
use molecular modelling methods to dock ligands in to an active site. 

ELISA experiments shows that Staurosporine is a competetive inhibitor of Fyn kinase, and goes in to 
a active ATP-binding site of Fyn.

Agreement between our 3-D structure of Fyn and 1qpj.pdb as well as 1fyn.pdb highly supports that 
the quality of our complete Fyn-model is good enough for further investigations like docking and
ligand design.
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