ProteinPredict: A novel method for the prediction of the active site
of the protein.	
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ABSTRACT	
  

l

Analysis of Sensory Rhodopsin II

Proteins and their intra and inter molecular interactions are dependent on the amino
acids involved in the particular interaction. Interactions that are energetically favorable,
have been evolved and optimized energetically over time. On the other hand, most
energetically unfavorable interactions have been dismissed in nature. Thus, the
maintenance of an unfavorable interaction in nature could be interpreted as functionally
significant. Assuming that statistically frequent interactions can be interpreted as
energetically favorable, we developed an algorithm to detect energetically unfavorable
interactions.
Based on the study of Jha et al. (2011) we score each aminoacid of a Protein
DataBank file. Jha et al. (2011) described how to summarize interactions of aminoacids in
a matrix form. They demonstrated their approach on membrane proteins. Our algorithm
assigns high scores to aminoacids with several statistically unfavorable interactions. The
aminoacids with the highest score are considered statisistically unfavorable and thus they
may have a significant functional role. We tested our algorithm on Sensory Rhodopsin II
(phoborhodopsin) and detected several aminoacids that have been reported in the
literature as having a significant role on the protein function. For example, Asp193
(Kitade et al. 2009; Ikeura et al. 2004), and Arg72 (Kitade et al. 2009) which are among
the highest scored aminoacids have a role in the photochemistry of Sensory Rhodopsin II.

METHODS	
  

Our methodology is based on the analysis of Jha et al. 2011 and outlined as follows:
1. We downloaded a set S of 85 helical membrane proteins from the OPM database
(Lomize et al. 2006). Proteins coordinates in the OPM database have been transformed so
that the x-axis is perpendicular to the membrane.
2. A connectivity matrix A was constructed by the set S. Let i and j indexing the ith and
jth aminoacid of a protein P from S. Then,

Figure 1: Analysis of Sensory Rhodopsin II. Several residues with high
score are located around the retinal molecule (Lys 205, Asp193, Arg72).

where, Cia denotes the Ca atom of the ith residue.
3. The interaction matrix M is constructed as follows:

where:
nij : number of interactions between aminoacid i and aminoacid j
g = 1 or 2. g=1 if the ith residue is the same as the same residue and 2 otherwise
fi : frequency of aminoacid i ,
N : total number of aminoacids
In practice M is constructed after aminoacids are classified into residue-contact-based
environments. Only three environments have been considered here because of the small
size of the dataset. All the amino acids with low and moderate degree (1–5) have been
grouped together as environment I and the amino acids with degree 6 and .6 are placed in
environments II and III, respectively. In this case:

NAI-BII are the contacts between residues of type A that belong to environment I and
residues of type B that belong to environment II.
SA is the total number of residues of type A in the dataset
SB is the total number of residues of type B in the dataset
S is the total number of residues in the dataset, and,
EI-II is the number of interactions between environment I and II.

Figure 2: Analysis of Sensory Rhodopsin II. On the left panel, the 3D
model of the protein is shown. On the right, residues are colored based on
their score S. Red residues are those with the highest score. Several
residues with high score are located around the retinal molecule (Lys 205,
Asp193, Arg72).
A novel method for the prediction of the active site of the protein has been
described. Sensory Rhodopsin II exemplifies the successful prediction of the retinal
binding site of the protein. Lysine 205 (Gushchin et al. 2011) is the amino acid that
triggers the photocycle of the protein and interacts directly with the retinal
molecule. It has the highest score in Figure 1. Asp193 is mentioned to be related to
the solubility of SRII (Iwamoto et al. 2002, Sudo et al. 2008) and Asp75 as a proton
transfer is affected by the change of the solution pH (Jiang et al. 2010). The hits of
our program are all clustered around the retinal molecule and thus determine the
active site of the protein as seen in Figure 2.
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4. Each aminoacid of a protein was scored as:
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