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Abstract

Extracellular receptors convey specific signals to the nucleus for modulation of gene expression through
signaling molecules present in the cytoplasm. RIP1 is a signaling molecule involved in the proximal end
of TNFα signaling. Signal transduction pathways involving RIP1 and JNK/p38 MAPKs are essential in
inflammation and hence this signaling pathway serve as a target for novel drug development in
inflammation mediated disorders. Though, the role of RIP1 in p38 MAPK activation have been reported
before, the exact role of this signaling molecule in p38 MAPK activation is not clear. In silico prediction
of RIP1 binding with p38 MAPK suggests a domain with amino acids 71-79 is involved in the
interaction. Deletion of 71-79 amino acids in RIP1 destabilizes the interaction with p38 MAPK. This
prediction if confirmed with wet lab analysis, can serve as a target for designing novel drugs for treating
various disorders.
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Introduction
The cell is constantly exposed to various kinds of stimuli, both
physical and chemical. A multicellular organism, respond to
external stimuli by means of differential gene expression,
where mRNA population and hence protein composition
changes in the cell in such a way to respond to the stimuli.
Differential gene expression is involved in various
physiological processes from cell proliferation to cell death
that are mediated by distinct and specific signal transduction
mechanisms [1]. Extra cellular stimuli are conveyed to the
nucleus for changes in gene expression through a biochemical
reaction called as transduction process. The specificity among
the different signaling pathways are brought about by
differences in protein – protein interaction, protein-DNA
interactions and protein-RNA interactions [2]. With respect to
signaling, protein-protein interactions (PPI) play a major role
in the cells. Different proteins present in the cell interact with
other proteins using specific signature domains/motifs [3]. The
amino acid sequences involved in these interactions are so
important that a single change in the amino acid sequence of
the proteins would lead to defective signaling, affecting the
physiology of the cells/organism [4].

RIP1 (Receptor Interacting Protein kinase 1) belongs to the
family of Receptor Interacting Protein (RIP) kinases, a group
of serine/ threonine kinases [5]. They comprise of seven
members (RIP1-RIP7) with a conserved and homologous
kinase domain [6]. They are known to be involved in
transducing various signaling cascades playing an important
role in immune response, inflammation, and apoptosis. RIP 1
consists of a death domain, which when recruited initiates
several signaling pathways and acts as a molecular switch

between inflammation and apoptosis. RIP1/RIP3 is known to
mediate necroptosis [7]. Earlier reports have suggested that
RIP1 mediates p38 MAPK activation in response to TNFα
through MEKK3 [8]. RIP1 plays a regulatory role in activating
the MAPKs. RIP1 is an essential modulator of TNFα induced
necrotic cell death [9], since RIP1 is known to mediate
apoptosis and necrotic cell death, the involvement of these
kinases in various pathological conditions is crucial. RIP1 is
linked to various diseased conditions including heart attacks,
pancreatitis, liver, retina and renal injury [10]. Given its
importance in various signaling processes, a detailed study on
molecular mechanism of RIP1 signaling in cell will lead to
development of novel drugs to treat physiological conditions
related to the malformation of RIP1 signaling [11].

Mitogen activated protein kinases (MAPK) are a group of
evolutionarily conserved serine/threonine protein kinases,
which acts as a central point for mediating a broad range of
stimuli to their respective transcription factors, which in turn
modulate expression of relevant genes required to respond to
physiological situation [12]. The major MAPKs include
ERK1/2, JNK1/2 and p38 MAPK. JNK1/2 and p38 MAPK are
known as Stress Activated Protein Kinases (SAPKs) due to
their response against various stress factors such as UV,
osmotic radiation, hypoxia and inflammatory cytokines [13].
p38 MAPK is a 38kDa protein with four different isoforms α,
β, γ and δ. Among the four, p38α (MAPK14) is ubiquitously
expressed while the other isoforms are expressed tissue
specifically. The canonical activation of p38 MAPK is by the
dual phosphorylation of threonine and tyrosine of the TGY
motif at the positions 180 and 182 respectively by the upstream
kinases MKK3/6 [14]. The activated p38 MAPK further

ISSN 0970-938X
www.biomedres.info

Biomedical Research 2018; Special Issue: S52-S56

S52
Special Section: Computational Life Sciences and Smarter Technological Advancement

Biomed Res 2018 Special Issue



activates various downstream signaling molecules such as
kinases, phosphatases and transcription factors leading to
various physiological functions. Recent studies have also
shown the involvement of p38 MAPK in various cancers,
cardiovascular dysfunction and Alzheimer’s disease [15].
Understanding the interacting partners of p38 MAPK would
give us an insight into its molecular aspect of signaling. We
have used in silico tools to predict a model for RIP1 and
MAPK complex and predicted the domains involved in the
interaction of RIP1 with MAPK.

Materials and Methods

Preparation of protein molecules
The initial docking protocol includes the retrieval of x-ray
crystal structure of the p38MAPK and RIP1 protein. The
protein structure of p38MAPK and RIP1 protein was obtained
from Protein Databank with PDB IDs 1A9U and 4ITJ [16]
respectively. The protein structure was energy minimized
before using SWISS PDB Viewer [17] to avoid any false
predictions. The energy minimized structures of the proteins
were then subjected to further docking protocol.

Homology modelling
Homology modeling of the RIP1 protein without the D-motif
was performed using Swiss-Model [18]. The sequence of the
protein was retrieved from UniProt database with ID: Q13546.
The homology modeling of the protein was performed with the
same structure of RIP1 with PDB ID 4ITJ (16) was used as a
template in molecule preparation.

Molecular docking
The protein-protein docking was performed with the help of
HADDOCK [19], ZDOCK [20] and ClusPro [21]. Since the
p38MAPK are highly specific by interacting with the D-motif
present in the interaction protein, we have identified all the D-
motif regions present in RIP1 and was given as the binding/
active site in HADDOCK and Z-Dock, whereas a blind
docking analysis was performed in the case of ClusPro. Also to
have better comparative analysis, and understand the binding
with and without the D-motif, the protein model without D-
motif was also docked with p38MAPK. The interacting region
and residues were visualized with the help of PyMOL.

Results

Molecular docking analysis
The interaction and interacting residues between the
P38MAPK and RIP1 proteins were analyzed with the aid of
molecular docking analysis. As a result of docking, we
obtained many docked poses of which, the best-docked pose
were selected based on the least binding energy, least RMSD
score and interaction of P38MAPK with the D-motif present in
the RIP1 protein. Primarily, the docked poses with high
binding energy were excluded and further any docked pose

with more than 1.0 Å RMSD were also excluded from the
study. Finally, the remaining docked complexes were analyzed
for interaction with the D-motif residues. The best ten models
were taken for further screening.

Table 1. The best ten docked poses with its binding energy and RMSD
values between p38 MAPK and RIP1 with D-motif.

Model Number Binding energy kcal/mol RMSD (Å)

Model1 -128.65 0.87

Model2 -123.73 0.93

Model3 -109.8 1.12

Model4 -112.96 0.98

Model5 -118. 43 0.900

Model6 -121.46 0.991

Model7 -113.43 1.110

Model8 -127.77 0.98

Model9 -127.37 0.921

Model10 -122.33 1.112

Table 2. The best ten docked poses with its binding energy and RMSD
values between p38 MAPK and RIP1 without D-motif.

Model Number Binding energy kcal/mol RMSD (Å)

Model1 -113.66 0.895

Model2 -110.87 0.92

Model3 -112.63 1.005

Model4 -103.67 0.924

Model5 -109.44 1.015

Model6 -113.34 0.966

Model7 -121.33 0.897

Model8 -118.44 0.904

Model9 -114.22 0.887

Model10 -113.34 0.945

The binding energy and RMSD values of each docked poses
are tabulated in Tables 1 and 2. While screening the docked
poses, we identified that one of the docked poses; P38MAPK
interacted with Arg71, His72, Ser73, Arg74, Val75, Val76,
Lys77, Leu78 and Leu79 of RIPK1 which satisfies the formula
of the D-motif. Along with these residues, we also found many
other interacting residues in RIP1 and P38MAPK which are
tabulated in Table 3. Although interacting residues are
important, more critical are the various interactions such as van
der Waal’s forces, electrostatic interactions. The best-docked
pose was analyzed for the above-stated interactions (Table 5).
When the docking was performed without the D-motif in the
RIP1 protein, we found lesser interactions between the RIP1
and P38MAPK. The interacting residues of the proteins are
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tabulated in Table 4. Also, we found lesser electrostatic energy
observed between the proteins (Figure 1 and Table 5).

Table 3. The interacting residues of P38MAPK and RIP1 with D-
motif.

Proteins P38MAPK RIP1

Interacting Residues Trp16, Arg17, Lys18,
Asp19, Pro21, Phe22,
Gly23, Phe24 Val25, Ala26,
Val27, Pro28, Thr29, Lys30,
Asn31, Lys48, Gly50,
Phe155, Ala156, Pro157,
Ser158

An8, Val9, Ile10, Lys11,
Let12, Lys13, Ser14,
Ser15, Asp16, Phe17,
Glu19, Arg71, His72,
Ser73, Arg74, Val75,
Val76, Lys77, Leu78,
Leu79

Table 4. The interacting residues of P38MAPK and RIP1 without D-
motif.

Proteins P38MAPK RIP1 (Without D-motif)

Interacting Residues Arg 13, Lys14, Ala15,
Trp16, Lys18, Asp19,
Pro21, Phe22, Gly23,
Phe24 Val25, Ala26, Val27,
Pro28, Thr29, Lys30,
Asn31, Pro32, Asp33, Thr
35, Met36

Val82, Met83, Glu84,
Tyr85, Met86, Glu87,
Gly89, Asn90

Figure 1. Representing the docked conformation and interacting
residues between the P38MAPK and RIP1 with and without the D-
motif.

Discussion
Identification of protein - protein interactions that occur in the
cells is of interest in biology so that unique protein-protein
interaction mediating a physiological function can serve as
target for design of novel drugs [22]. Inhibitors of p38 MAPK
are sought in medical field as an alternate for treating
inflammatory diseases [23]. MAPKs are important signaling
molecules playing a central role of conveying messages from
extra cellular receptors to transcription factors through
upstream kinases [12,13]. Inhibition of MAPKs is not the good
choice for treatment of a particular disease, for the reason that
inhibition of MAPKs in a cell would affect other functions in a
cell/organism, leading to side effects. Currently, signaling
pathways and signaling molecules involved in a particular
pathway mediating specific function of the cell need be

identified so that drugs affecting specific molecules/pathways
can be developed that would expect to have less side effect.

Table 5. Interactions observed in the protein- protein complex as
results obtained from HADDOCK.

Protein-protein
Complex

Binding
Score

Electrostatic
potential

Van der
Waal’s
energy

Buried
surface Area

P38MAPK-RIP1 -127.37 −433.0 ± 16 −144.2 ± 11 3997.3 ± 82.4

P38MAPK-RIP1
(Without D-
motif)

-121.33 -419.3 ± 12 −132.78 ± 10 3994.8 ± 78.6

Since protein – protein interactions play an important role in
signal transduction pathway, and considering the importance of
p38 MAPK, our lab is interested in identification of proteins
that interact with p38 MAPK. RIP1-p38MAPK interaction is
of interest to us for the reason that both molecules are involved
in mediating TNFα signaling [24]. Role for RIP1 mediated p38
MAPK activation is not clear [24-26]. Upon TNFα stimulation,
RIP is known to get autophosphorylated and activate
downstream signaling molecules including p38 MAPK leading
to cellular death [9,27]. TNFα was not able to activate p38
MAPK in RIP 1-/- fibroblast, however when KD mutant of
RIP1 was expressed in these cells, TNFα mediated p38 MAPK
activation was observed, suggesting kinase activity of RIP1 or
this domain are not required for p38 MAPK activation [24].
All the MAPK interacting proteins use a signature motif,
known as D motif (- (R/K)1-2 – (X) 2-6 – L/I/V – X- L/I/V-) to
interact with MAPKs [28]. A search for this motif in the amino
acid sequence revealed three D motifs (71RHSRVVKL;
190KPENILV; 203KIADLGL). In silico approach was taken to
study molecular interaction between p38 MAPK and RIP1.
Molecular docking protocols offer insights over the
fundamental interactions in the protein and between the
proteins [29]. The docking calculations involving RIP1 and
p38 MAPK, obtained from three servers yielded about 30
different docked conformations. Of the three servers, the
results from ClusPro were eliminated as primarily, it was a
blind docking analysis, and also none of the poses showed a
whole interaction with the D-motif. The docked solutions of
ZDOCK and HADDOCK were further analyzed in the current
study. The best-docked poses were screened with the help of
least binding energy and showing interaction with the D-motif
present in the interacting protein (in RIP1). This docked
conformation were then subjected to other interaction analysis
such as van der Waals and electrostatic potentials as these are a
few significant interaction [30,31]. Similarly, when comparing
the various interactions, we found there were electrostatic
energy and van der Waals forces observed in the protein-
protein complex which may further aid in stronger interactions.
When analyzing the binding patterns without the D-motif, we
found lesser residues from both the protein to be involved
interaction and also we found there was a decrease in
electrostatic energy and van der Waals forces. These results
help us to understand the fact that, the P38MAPK interacts
with this possible part in the RIP1 protein.
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Inhibitors for RIP1 have been synthesized; however these
inhibitors are known to have several side effects [11,32]. RIP1
being upstream kinase, several pathways may be regulated by
RIP1 hence blocking RIP1 function would block other crucial
signal transduction pathways leading to side effects [33].
Though in vitro phosporylation of p38 MAPK by RIP1 have
been reported earlier [24] there are no report available about
p38 MAPK physical interaction, here we present evidences for
interaction between these molecules from in silico analysis.
More studies are required to carry out for understanding the
physiological significance of this interaction and signal
transduction pathways/signaling molecules regulated so that
novel drugs that target single signal transduction pathway can
be developed that will have less side effects.
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