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ABSTRACT 

In the current study molecular docking was used as a tool to evaluate the immunosuppressive activity of Eupalitin-3-o-β-D-
galactopyranoside towards two specific kinases, p38 mapkinase and MEK2. In this work, a homology model for (koi carp) Cyprinus 
carpio MEK2, p38 MAPKinase was performed and possible inhibitory effect of Eupalitin-3-o-β-D-galactopyranoside on p38 
Mapkinase and MEK2 was investigated by docking study. The docking results of Eupalitin-3-o-β-D-galactopyranoside with p38 
Mapkinase and MEK2 emphasize Eupalitin-3-o-β-D-galactopyranoside as a potential TNF-α inhibitor.  

Keywords: Cyprinus carpio, Eupalitin-3-o-β-D-galactopyranoside, MEK2, p38 Mapkinase, TNF-α inhibitor. 

 
INTRODUCTION 

lavonoids have been found to inhibit the upstream 
signaling molecules that are involved in TNF-α 
expression. Drugs derived from natural compounds 

might provide an alternative approach for the treatment 
of inflammatory diseases via modulation of the TNF-α 
signaling pathway. Eupalitin-3-O-β-D-galactoside a 
bioflavonoid isolated from Boerhaavia diffusa has been 
reported to possess immunosuppressive activity.1 In the 
present docking study with Eupalitin-3-o-β-D-
galactopyranoside involvement of MEK2, and p38 
MAPKinase in TNF-α signalling was evaluated. MEK2 is a 
protein kinase that participates in the RAS-RAF-MEK-ERK 
signal transduction cascade in the regulation of a large 
variety of processes including apoptosis, cell cycle 
progression, cell migration, differentiation, metabolism 
and proliferation.2 Mitogen-activated protein kinases 
(MAPK) are intracellular signaling molecules involved in 
cytokine synthesis. The role of MAPK in inflammation 
makes them attractive targets for advanced therapies and 
recent research is progressing to identify more selective 
inhibitors for inflammatory diseases. p38 alpha is a key 
MAPK involved in tumor necrosis factor alpha and other 
cytokine production. Increased activity of MAPK, in 
particular p38 MAPK, and their involvement in the 
regulation of the synthesis of inflammation mediators at 
the level of transcription and translation, make them 
potential targets for anti-inflammatory therapeutics. 
MAPK inhibitors appears to be an attractive strategy as 
they are capable of inhibiting both the synthesis of pro-
inflammatory cytokines and their signaling.3 

Homology models of proteins are of great interest for 
designing and evaluating biological experiments when no 
experimental structures are available. Homology 
modeling was done in this study as there is no existing 
data on the three dimensional structures for (koi carp) 
Cyprinus carpio MEK2 and p38 MAP Kinase. In this work, a 

homology model for (koi carp) Cyprinus carpio MEK2, p38 
MAPKinase was performed for the first time. The 3D 
models of MEK2, p38 MAPKinase were constructed using 
the protein structure homology model building program 
MODELLER 9.11 with energy minimization parameters.  

MATERIALS AND METHODS 

Ligand structure 

2D and 3D structure of Eupalitin-3-o-β-D-
galactopyranoside (Ligand) was sketched using ACD 
Chemsketch Tool in this study. 

Retrieval of Target Protein sequence 

The protein sequence of Cyprinus carpio (koi carp) was 
obtained from protein sequenced database of Uniprot.  

MEK2 MAPKINASE (Accession No: Q90321.1) 
(http://www.uniprot.org/uniprot/Q90321) and p38 MAPK 
(Accession No: BAA11881.1) 

(http://www.uniprot.org/uniprot/Q90336). 

Template identification  

The BLAST tool was used to identify the best template 
against PDB for modeling the 3Dstructure of MEKK2 (koi 
carp) (Cyprinus carpio). The results yielded by p BLAST 
against the PDB database revealed that chain C ksr-2-
mek1dimer from orytolagus cuniculus (Rabbit) with (PDB 
ID: 2Y4I) a resolution 3.46 Å as a suitable template. The 
template and the target have 78% of identical residues.  

The Template Chain A-crystal structure of Salmo salar 
(Salmon) p38 alpha with (PDBID: 3OHT) and 2.7 Å 

resolution aligned with the target sequence with 93% 
identity. 

 

 

Docking Studies on Eupalitin-3-o-β-D-galactopyranoside as Potential Inhibitor of Cyprinus
Carpio (Koi Carp) Mapk/Erk Kinase 2 and Mitogen-activated Protein Kinase (p38)
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Model generation and Evaluation 

Homology modeling 

The three dimensional structure of MEK2 and p38 
MAPKinase has been predicted using MODELLER 9.11.A 
rough 3D model (visualized using RASMOL 2.7.5.2) was 
then obtained and the backbone conformation of the 
rough model was evaluated using the Ramachandran plot 
in the SPDBV 3.7. The results of Ramachandran plot 
indicates that the rough model generated had more 
residues in the allowed region. 

Domain analysis 

The functional of analysis were predicted using Pfam 
Database (http://pfam.sanger.ac.uk/). 

Active site Prediction 

The possible binding sites of MEK2 and p38 MAPKinase 
were searched using Q-Site Finder after obtaining the 
final model. (http://www.modelling.leeds.ac.uk /q site 
finder/). Ten binding sites were obtained. 

Docking  

MEK2 and p38 MAPKinase were docked using the 
Lamarckian Genetic Algorithm (LGA) provided by the 
AutoDockProgram version 4.0. The best ligand-receptor 
structure from the docked structures was chosen based 
on lowest energy and minimal solvent accessibility of the 
ligand. 

RESULTS AND DISCUSSION 

Eupalitin-3-o-beta-D-galactopyranoside 

2D and 3D structures (Figure-1) of Ligand are drawn using 
ACD Chemsketch Tool 

 
Figure 1: 2D and 3D Structure of Eupalitin-3-O-Beta-D-
Galactopyranoside 

Homology Modelling for MAPK/ERK kinase 2(EC-
2.7.12.2) and Mitogen-Activated Protein Kinase (p38) 
(EC-2.7.11.24) in Cyprinus carpio (koi carp) 

The absence of three dimensional structure of MAPK/ERK 
kinase 2 and Mitogen-Activated Protein Kinase (p38) in 
Cyprinus carpio (koi carp) in PDB interested us to 
construct the 3D model. The three dimensional structure 
provides valuable insight into molecular functions and 
also enables the analysis of its interactions with suitable 
inhibitors. The best Structure for MAPK/ERK kinase 2 

(Figure 2) and Mitogen-Activated Protein Kinase (p38) 
(Figure 3) was visualized using Rasmol tool. 

 
Figure 2: Visualization of modeled structure for 
MAPK/ERK kinase 2 using Rasmol (version 2.7.5.2) Tool 

 
Figure 3: Visualization of modeled structure for Mitogen-
Activated Protein Kinase (p38) using Rasmol (version 
2.7.5.2) Tool 

Active site identification for MAPK/ERK kinase 2 and 
Mitogen-Activated Protein Kinase (p38)  

Among the ten binding sites obtained from Q-SiteFinder, 
site 1 is highly conserved. The residues at site 1 for the 
enzyme MAPK/ERK kinase 2 are: LYS98, LEU116, LEU119, 
CYS122, ASN123, ILE127, VAL128, GLY129, PHE130, 
ILE142, CYS143, MET144, LEU207, CYS208, ASP209, 
PHE210, GLY211, VAL212, SER213, LEU216, ILE217, 
MET220. The residues at site 1 for the enzyme Mitogen - 
Activated Protein Kinase (p38) are: ILE142, HIS143, 
ALA145, ASP146, ILE147, ILE148, HIS149, ARG150, 
ASP151, LEU152, LYS153, PRO154, MET195, LEU196, 
TRP198, MET199, ASN202, MET203, ASP206, THR204. 
Thus, site 1 has been chosen in this study as the most 
favorable site for docking. The residues forming the 
binding pocket for MAPK/ERK kinase 2 are shown in 
Figure 4 and for Mitogen-Activated Protein Kinase (p38) 
in Figure 5. 

Domain analysis 

The functional regions of the Cyprinus carpio (koi carp) 
MAPK/ERK kinase 2 and Mitogen-Activated Protein Kinase 
(p38) was predicted using pfam and found to have single 
domain region such as pkinase domain 70 - 366 for 
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MAPK/ERK kinase 2 and pkinase domain of 25 - 309 for 
Mitogen-Activated Protein Kinase (p38).  

Docking of MAPK/ERK kinase 2 and Mitogen -Activated 
Protein Kinase (p38) with Eupalitin-3-O-Beta-D-
Galactopyranoside. 

Docking of MAPK/ERK kinase 2 and Mitogen-Activated 
Protein Kinase (p38) was performed with Eupalitin-3-O-
Beta-D-Galactopyranoside.The docked conformations 
were evaluated based on Docking Score and the number 
of hydrogen bonds formed between active site and 
inhibitor as represented in Table-1. Docked Complex of 
Eupalitin-3-O-Beta-D-Galactopyranoside with MAPK/ERK 
kinase 2 and Mitogen-Activated Protein Kinase (p38) 
using Pymol Viewer (1.3) is depicted in Figure 6 and 
Figure 7. 

 
Figure 4: Active site Prediction for MAPK/ERK kinase 2 
using Q-Site Finder 

 
Figure 5: Active site Prediction for Mitogen-Activated 
Protein Kinase (p38) using Q-Site Finder 

DISCUSSION 

Molecular docking is a computational tool that predicts 
the binding site location and conformation of a 
compound when bound to a protein.4-6 The process by 
which molecular docking is used to rank compounds with 
in a library based on a predicted binding affinity is known 
as virtual screening.7,8 The potential benefit to drug 
discovery has inspired the development and evaluation of 

numerous virtual screening methodologies. All docking 
algorithms make use of a scoring function in combination 
with a method of search. AutoDock 4.0 was used to 
calculate an affinity constant for ligand-protein 
configuration in the present study. The best ligand-
protein structure from the docked structures was chosen 
based on lowest energy and minimal solvent accessibility 
of the ligand. 

Flavonoids have been identified as invitro enzyme 
inhibitors and ligands of receptors involved in signal 
transductions. Intrinsically, the phenolic nucleus is a 
structural unit that is favourable to molecular interactions 
such as Vanderwaals interactions and Electrostatic 
interactions with proteins.9,10 

 
Figure 6: Visualization of Docked Complex of Eupalitin-3-
O-Beta-D-Galactopyranoside with MAPK/ERK kinase 
2using Pymol Viewer (1.3). 

 
Figure 7: Visualization of Docked Complex of Eupalitin-3-
O-Beta-D-Galactopyranoside with Mitogen-Activated 
Protein Kinase (p38) using Pymol Viewer (1.3). 

Flavonoids, as integral constituents of the diet, have been 
proposed to exert beneficial effects in a multitude of 
disease states, including cancer, cardiovascular disease, 
and neurodegenerative disorders.11,12 Protein kinases are 
recognized as potential molecular targets for 
chemoprevention by flavonoids as they regulate signal 
pathways by post-translational modification 
mechanism.13 Modulation of the activity of MAPKs by 
flavonoids is suggested as a possible mechanism for their 
potential anti neurodegenerative action14,15 and 
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protection against autoimmune, allergic and 
cardiovascular diseases.16 Quercetin-3-O-glucuronide,a 
Quercetin metabolite, is more specific than Quercetin in 
inhibiting the activity of MAPKinases in vascular smooth 
cells.16 Several studies have reported the inhibitory 
activity of flavonoids against protein kinases, using 
different descriptors and methods of modeling.17-19 

Lee etal20 have reported Quercetin could be docked to 
the pocket separate from, but adjacent to the ATP-
binding site of MEK1. The C-ring of Quercetin interacts 
with the residues in the activation loop of the inactive 

MEK1. Val211 and Leu215 form van der Waals 
interactions with the C-ring of Quercetin. The hydroxyl 
group at the 3′ position of the C-ring can make a critical 
hydrogen bond with the backbone amide group of 
Ser212. These interactions of Quercetin with the 
activation loop would lock MEK1 into a catalytically 
inactive species by stabilizing the inactive conformation of 
the activation loop. Inhibition of TPA-induced the 
phosphorylation of ERK and p90RSK, and the activation of 
AP-1 and NF-κB by Quercetin inhibited TPA-induced cell 
transformation.20 

Table 1: Binding of the Eupalitin-3-O-Beta-D-Galactopyranoside, showing best docking energy with the active site of 
MAPK/ERK kinase 2 and Mitogen-Activated Protein Kinase (p38) 

MAPK/ERK kinase 2 
Eupalitin-3-O-Beta-D-Galactopyranoside Distance (Å) Docking Score (Kcal/Mol) 

Residue Atom 

SER213 O O 3.0 

-10.4 

SER213 N O 3.4 

SER213 O H 1.8 

PHE210 O H 2.6 

VAL212 N O 3.3 

Mitogen-Activated Protein Kinase (p38) 
Eupalitin-3-O-Beta-D-Galactopyranoside Distance (Å) Docking Score (Kcal/Mol) 

Residue Atom 

TRP198 NE1 O 2.6 

-10.1 TRP198 NE1 O 3.0 

THR204 OG1 O 3.6 

MEKK2 is a 70 kDa member of the MEKK group of 
MAP3Ks that has been shown to regulate the JNK and 
ERK5 pathways.2, 21 MEKK2 is the first MAP3K shown to be 
required for mast cell tyrosine kinase receptor signaling 
controlling cytokine gene expression. MEKK2 is involved 
in the signaling of antigen receptors in both lymphocytes 
and mast cells.22 In the present investigation the 
inhibitory effect of Eupalitin-3-o-β-D-Galactoside on 
MEKK2 was evaluated to study the involvement of MEKK2 
in TNF-α signalling. 

The mitogen-activated protein (MAP) kinases are 
essential signaling molecules that mediate many cellular 
effects of growth factors, cytokines, and stress stimuli. 
Mitogen-activated protein kinases (MAPKs)23 play a 
pivotal role in controlling numerous cellular processes, 
including differentiation, mitogenesis, oncogenesis and 
apoptosis.24-27 

Like many protein kinases, the activity of MAPKs is 
regulated by phosphorylation in an activation loop 
located near their active sites.28 The hallmark of the 
MAPKs is their unique requirement for dual 
phosphorylation at a conserved threonine and tyrosine 
residue belonging to the consensus sequence TXY for 
catalytic activation (where X is Glu in ERKs, Pro in JNKs 
and Gly in p38 kinases).29-31 

The p38 mitogen-activated protein (MAP) kinase plays an 
important role in the inflammatory diseases. The 
p38mapkinase belong to serine/threonine protein kinases 
family and are involved in cellular responses to external 
stress signals.32 As the p38 MAP kinase plays crucial role 
in the cascade for the regulation of proinflammatory 
cytokine production, 33 it can be a good potential target 
for TNF-α inhibition. In current study, an approach of 
molecular docking was used to identify the potential of 
Eupalitin-3-o-β-D-Galactoside as inhibitor of this kinase by 
measuring their binding affinities.  

Specificity of MAPK signaling is maintained primarily 
through structural mechanisms that limit protein 
interactions. p38-contain a specific sequence in their 
activation loop (TEY, TPY and TGY, respectively) that is 
recognized by the MAPKK of the pathway. In turn, MAPKs 
only efficiently phosphorylate the consensus motif S/TP in 
their target proteins. In addition to specific 
phosphorylation motifs in both MAPKs and their 
substrates, another level of specificity is ensured by 
conserved docking domains. These domains form a 
binding site for the kinase and are required for 
phosphorylation of the substrate.34 It has been shown 
that docking interactions between MAPK and their 
substrates are necessary for signaling and that docking 
site structures can influence pathway-specific input and 
output.35,36 
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Docking results indicated that Eupalitin-3-o-β-D-
Galactoside interacted with MAPK/ERK kinase 2 at highly 
conserved active site 1 with residues SER213, PHE210 and 
VAL212 with binding energy value of -10.4kcal/mol 
whereas Eupalitin-3-o-β-D-Galactoside interacted with 
p38 Mapkinase at highly conserved active site1 with 
residues TRP198 and THR204 with binding energy value of 
-10.1 kcal/mol. RMSD values for ligand docking obtained 
for MEK2 and p38 MAPKinase were 42.5660Å and 
17.8460 Å respectively. 

The binding score value and the interaction of Eupalitin-3-
o-β-D-Galactoside with the ATP binding sites of 
MAPK/ERK kinase 2 and p38 Mapkinase emphazise the 
role of Eupalitin-3-o-β-D-Galactoside in regulation of TNF-
α signaling through inhibition of MAPK/ERK kinase 2 and 
p38 Mapkinase involved in TNF-α signaling pathway. 

CONCLUSION 

The results in this study suggests the potential role of 
Eupalitin-3-o-β-D-Galactoside in TNF-α signaling through 
MEK2 and p38 MAPKinase. In this study, it is reported 
that Eupalitin-3-o-β-D-galactoside act as an inhibitory 
agent for Cyprinus carpio(koi carp)MAPK/ERK kinase 2 
and p38 Mapkinase and thus from the interesting results, 
obtained in this study, indicate that human studies are 
needed to evaluate Eupalitin-3-o-β-D-galactoside for their 
immunosuppressive studies. The use of Eupalitin-3-o-β-D-
galactoside as an efficient immunosuppressor may be 
possible in future. 

REFERENCES 

1. Pandeya R, Maurya R, Singh G, Sathiamoorthy B, Naika SS, 
Immunosuppressive Properties of Flavonoids isolated from 
Boerhaavia diffusa Linn, International Immuno 
pharmacology, 5, 2005, 541–553. 

2. Blank JL, Gerwins P, Elliott EM, Sather S, Johnson GL, 
Molecular cloning of mitogen-activated protein/ERK kinase 
kinases (MEKK) 2 and 3. Regulation of sequential 
phosphorylation pathways involving mitogen -activated 
protein kinase and c-Jun kinase, J. Biol. Chem., 271, 1996, 
5361– 5368. 

3. Ridley SH, Dean JL, Sarsceld SJ, Brook M, Clark AR, 
Saklatvala J. A p38 MAP kinase inhibitor regulates stability 
of interleukin-1-induced cyclooxygenase-2 mRNA, FEBS 
Letters, 439, 1998, 75-80.  

4. Kitchen DB, Decornez H, Furr JR, Bajorath J, Docking and 
scoring in virtual screening for drug discovery: methods and 
applications, Nat Rev Drug Discov, 3(11), 2004, 935-949. 

5. Halperin I, Ma B, Wolfson H, Nussinov R, Principles of 
docking: an overview of search algorithms and a guide to 
scoring functions, Proteins Structure Function and 
Bioinformatics, 47(4), 2002, 409–443. 

6. Warren GL, Andrews CW, Capelli AM, Clarke B, Londe JL, 
Lambert MH, Lindvall M, Nevins N, Semus SF, Senger S, 
Tedesco G, Wa ID, A critical assessment of docking 
programs and scoring functions, J Med Chem., 49(20), 
2006, 5912–5931. 

7. Klebe G, Virtual ligand screening: strategies, perspectives 
and limitations, Drug Discov Today, 11(13–14), 2006, 580–
594. 

8. Schneider G, Bohm HJ, Virtual screening and fast 
automated docking methods, Drug Discov Today, 7(1), 
2002, 64–70. 

9. Havsteen BH, The biochemistry and medical significance of 
the flavonoids., 96(2-3), 2002, 67-202. 

10. Middleton E, Kandaswami C, The impact of plant flavonoids 
on mammalian biology: implications for immunity, 
inflammation and cancer. In:The Flavonoids ,Advances in 
Research since 1986, Harborne JB, Edition.,Chapman and 
Hall, London, 1994, 619. 

11. Hollman PC, Katan MB, Dietary flavonoids: Intake, health 
effects and bioavailability, Food Chem Toxicol, 37, 1999, 
937–942. 

12. Ramos S, Cancer chemoprevention and chemotherapy: 
Dietary polyphenols and signalling pathways, Mol Nutr 
Food Res., 52, 2008, 507–526. 

13. Hu R, Kong AN, Activation of MAP kinases, apoptosis and 
nutrigenomics of gene expression elicited by dietary 
cancer-prevention compounds, Nutrition, 20, 2004, 83–88.  

14. Schroeter H, Boyd C, Spencer JP, Williams RJ, Cadenas E, 
Evans CR, MAPK signaling in neurodegeneration: influences 
of flavonoids and of nitric oxide, 23(5), 2002, 861-880. 

15. Schroeter H, Spencer JP, Evans CR, Williams RJ, Flavonoids 
protect neurons from oxidized low-density-lipoprotein-
induced apoptosis involving c-Jun N-terminal kinase (JNK), 
c-Jun and caspase-3, Biochem J, 358, 2001, 547-557. 

16. Yoshizumi M, Tsuchiya K, Suzaki Y, Kirima K, Kyaw M, Moon 
JH, Terao J, Tamaki T, Quercetin glucuronide prevents 
VSMC hypertrophy by angiotensin II via the inhibition of 
JNK and AP-1 signaling pathway, 
Biochem.Biophys.Res.Commun., 293, 2002, 1458-1465. 

17. Fassihi A, Sabet R, QSAR study of p56lck protein tyrosine 
kinase inhibitory activity of flavonoid derivatives using MLR 
and GA-PLS, Int J Mol Sc., 9, 2008, 1876–1892. 

18. Deeb O, Clare O, QSAR of aromatic substances: Protein 
tyrosine kinase inhibitory activity of flavonoid analogues, 
Chem Biol Drug Des., 70, 2007, 437–449. 

19. Oblak M, Randic M, Solmajer T, Quantitative structure–
activity relationship of flavonoid analogues. 3. Inhibition of 
p56lck protein tyrosine kinase, J Chem INF Comput Sci., 40, 
2000, 994–1001.  

20. Lee KW, Kang NJ, Heo YS, Rogozin EA, Pugliese A, Hwang 
MK, Bowden GT, Bode AM, Lee HJ, Dong Z, Raf and MEK 
protein kinases are direct molecular targets for the chemo 
preventive effect of quercetin, a major flavonol in red wine, 
Cancer Res., 68, 2008, 946–955.  

21. Sun W, Kesavan K, Schaefer BC, Garrington TP, Ware M, 
Johnson NL, Gelfand EW, Johnson GL, MEKK2 associates 
with the adapter protein Lad/RIBP and regulates the MEK5-
BMK1/ERK5 pathway, J. Biol. Chem., 276, 2001, 5093–5100. 

22. Timothy PG, Ishizuka T, Philip JP, Chayama K, Webb S, Yujiri 
T, Sun W, Sather S, Russell DM, Gibson SB, Keller G, Gelf E 
W and Johnson GL, MEKK2 gene disruption causes loss of 
cytokine production in response to IgE and c-Kit ligand 



Int. J. Pharm. Sci. Rev. Res., 27(1), July – August 2014; Article No. 63, Pages: 343-348                                                           ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. © Copyright protected. Unauthorised republication, reproduction, distribution, 
 

348 

stimulation of ES cell-derived mast cells, EMBO J., 19(20), 
2000, 5387–5395. 

23. Pearson G, Robinson F, Gibson TB, Xu B, Karandikar M, 
Berman K, Cobb MH, Mitogen-activated protein (MAP) 
kinase pathways: regulation and physiological functions 
Endocr. Rev., 22, 2001, 153-183.  

24. Lewis TS, Shapiro PS, Ahn NG, Signal transduction through 
MAP kinase cascades Adv. Cancer Res., 74, 1998, 49-139.  

25. Cobb M H, MAP kinase pathways, Prog. Biophys. Mol. Biol., 
71 (3-4), 1999, 479-500. 

26. Kyriakis JM, Avruch J, Mammalian mitogen-activated 
protein kinase, signal transduction pathways activated by 
stress and inflammation, Physiol. Rev., 81, 2001, 807-869. 

27. Roux PP, Blenis J, ERK and p38 MAPK-activated protein 
kinases: a family of protein kinases with diverse biological 
functions. Microbiol. Mol. Biol., 68, 2004, 320-344. 

28. Johnson LN, Noble ME, Owen DJ, Active and inactive 
protein kinases: structural basis for regulation, Cell, 85, 
1996, 149-158. 

29. Zheng CF, Guan KL, Properties of MEKs, the kinases that 
phosphorylate and activate the extracellular signal-
regulated kinases, J. Biol. Chem., 268, 1993, 11435-11439. 

30. Seger R, Krebs EG, The MAPK signaling cascade, FASEB J, 9, 
1995, 726-735. 

31. Zanke BW, Rubie EA, Winnett E, Chan J, Randall S, Parsons 
M, Boudreau K, Mcinnis M, Yan MH, Templeton DJ, 
Woodgett JR, Mammalian mitogen-activated protein kinase 
pathways are regulated through formation of specific 
kinase-activator complexes, J. Biol. Chem., 271, 1996, 
29876-29881. 

32. Sanjay KS, Pushpa RT, Ajai KS, Effects of Chlorpyrifos on the 
Kidney of Freshwater Catfish, Heteropneustes fossilis 
Bulletion of Environmental Contamination and Toxicology, 
45, 2000, 748-751. 

33. Prichett W, Hand A, Sheilds J, Dunnington D, Mechanism of 
action of bicyclic imidazoles defines a translational 
regulatory pathway for tumor necrosis factor alpha, J 
Inflamm., 45, 1995, 97-105.  

34. Biondi RM, Nebreda AR, Signalling specificity of Ser/Thr 
protein kinases through docking-site-mediated 
interactions, Biochem J., 372, 2003, 1-13. 

35. Remenyi A, Good MC, Bhattacharyya RP, Lim WA, The role 
of docking interactions in mediating signaling input, output, 
and discrimination in the yeast MAPK network, Mol. Cell., 
20, 2005, 951-962. 

36. Jacobs D, Glossip D, Xing H, Muslin AJ, Kornfeld K, Multiple 
docking sites on substrate proteins form a modular system 
that mediates recognition by ERK MAP kinase, Genes Dev, 
13, 1999, 163-175. 

 

 

 

 

Source of Support: Nil, Conflict of Interest: None. 

  


