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Employing Computational Approach to Predict
Critical Residues in PFEMPL1 (Information
Theoretic Measures)

Kalpana

Delhi Technological University, Delhi, India

ABSTRACT

PFEMP1 (Plasmodium falciparum erythrocyte membrane protein) is an important target for
defensive immunity and is involve in the pathology of malaria through its ability to adhere to
host endothelial receptors. PFEMP1 has specific domains which are essential in its
cytoadherence function. PFEMP1 binds to CD36, an 88kDa glycoprotein found in several
cell types including platelets, monocytes, dendritic cells, and micro vascular endothelial cells.
This cythoadherence of PFEMP1 to CD36 receptor is due to a particular domain called
CIDR1a domain. This cytoadherence function of CIDRI1a to CD36 receptor is support by
various conserved motifs which may be targeted to disrupt the parasite cytoadherence system.
The knowledge of these critical residues can lead to the better considerate of the molecular
basis of diseases which arise due to modified protein functions. This knowledge also would
play a vital role in rational protein engineering and drug designing. So, in-depth knowledge
of structure and function of various severely important residues of CIDR1a is necessary for
effective drug design and vaccine designing.

Herein, we will be employing computational approaches to predict fold and functionally vital
residues of CIDR1a domain. Traditional use of conservation scores are enhanced with
Information Theoretic scores — the Relative Entropy (RE) and Cumulative Relative Entropy
(CRE) calculated from Multiple Sequence Alignment (MSA) have been shown to adversely
identify residues important for the fold and specificity of the protein.

These methods were enforced to predict residues of CIDR1a with high RE and CRE to be
fold and functionally important respectively.
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CHAPTER 1

INTRODUCTION

Plasmodium falciparum is the most noxious of all other species of microorganisms and
accountable for maximum human deaths (Warrell DA etal., 1990). The different
pathological characteristic of Plasmodium falciparum contagion is that the parasite infected
erythrocytes attach to host endothelium and are eventually isolated from the blood
circulation. This allows the parasite to avoid spleen-dependent killing and persist for further
transmittance. However, this may produce lethal difficulty in case isolation of infected
erythrocyte takes place in the vital organs.

Another adaption of parasite to keep away from immune response is by increase variability
by consistently replacing the antigens expressed on the surface that are disclose to the host
immune system. Malaria parasites contain a wide family of genes for mutant antigens called
var genes that play a critical role in the differential expression of these antigens. Var gene
family are grouped into three subgroups UpsA, UpsB and UpsC this grouping is done
according to chromosomal localization of their 5” transcribed region (Lavstsen T et.al, 2003;
Yvonne K et.al, 2010). These genes code for two exons: the extracellular region and putative
transmembrane domain; and the second encode the acidic terminal segment or ATS that is
theorise to anchor PFEMP1 at knobs (Su XZ et.al., 1995).

PFEMP1 contain two different adhesive modules: the Cysteine-rich Inter Domain Region
(CIDR1a) (Baruch DI et.al., 1997; Smith JD et.al., 1998) and Duffy binding-like (DBL)
domain which is illustrate as adhesive region in different Plasmodium proteins which are
involved in erythrocyte invasion (Adams JH et.al. 1990; Sim BK et.al., 1994). DBL domains
bind to distinct molecules like intercellular adhesion molecule 1 (ICAM-1) (Smith JD et.al.,
1994), chondroitin sulphate A (CSA) (Rowe JA et.al., 1997) and undefined heparin sulphate
molecule on erythrocyte surface (Chen Q et.al., 1998). The CIDR1a domain binds to CD36
receptors. Difference in the PFEMP1 primary sequence is such that this function of the
protein-binding to CD35 — remains the same, while the epitopes associated to antigen are
changed. Most of the parasites isolated have the capacity, to bind to the CD36 receptor. This
gives us a hint that there must be some main residues which remain conserved in each
variant, which would enable the application of methods to extract the structural and
functional residues that exists in the protein family. These residues can be largely classified
as single site residues which include (a) residues that are conserved throughout a protein
family thereby responsible for the fold of the protein termed ‘fold specific’ and (b) residues
that are differentially conserved along many subfamilies within a protein family which are
responsible for substrate or functional specificity in the protein subfamily.

From a structural point of view, fold specific residues are those that are responsible for the
general scaffold common across a specific protein family and random mutations of residues
on these scaffold results in paralogous proteins with a distinct functional or substrate
specificity. The knowledge of these crucial residues can lead to the well understanding of the
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molecular basis of diseases which appear due to altered protein functions. This knowledge
also would play a critical role in logical protein engineering (Baker D et.al. 2010) and drug
designing (Tramonotano A. Et.al., 2005). Moreover, the direct involvement of these critical
residues with substrates/ligands and their involvement in maintaining the stability of protein
can be efficiently clarified. These structural and functional constraints implant in a particular
protein family are efficiently reflected by their Multiple Sequence Alignments (MSA). A
multiple sequence alignment perform as a historical record of amino acids variability that has
been assemble at each sequences positions of a protein family throughout the course of
evolution. Once a protein has evolved to a useful level of functionality, a most of the
mutations are selectively neutral at the molecular level and do not influence the function and
fold of the proteins, since those mutations which are harmful provide selection pressure for
residue conservation (Kimura et.al., 1983). Thus, the residue conservation in a multiple
sequence alignment of a protein and its homolog’s specify the importance of the residues for
maintaining the structure and function of proteins. Traditionally used conservation scores can
recognize the fold specific residues that are conserved throughout the alignment (Valdar WS
et.al. 2002). However, these are not efficient in identifying differentially conserved and co-
evolving residues in the alignments. Further, using wide sets of sequences permit for the
efficient distinction of functionally crucial residues from those related to phylogenetic
conservation, which is a standard error from conservation patterns derived from smaller
collections of sequences from closely associated organisms. Therefore in order to solve the
drawbacks of this traditional scoring techniques we have made use of information theory
(Christoph A et.al., 2004) and consider measures that can accurately differentiate these
crucial signals with that of the background noises. We have also carried out Hidden Markov
Models to estimate the probabilities (Sriastava P.K et.al. 2007) of amino acids which in turn
will be used as predictors in different information theoretic measures.
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CHAPTER 2

REVIEW OF LITERATURE

2.1 Malaria

Malaria is the problem especially in developing and tropical country; there is 300 — 500
million case of malaria in each year and 2-3 million deaths annually, mainly in children. In
human malaria is caused by the protozoan genus Plasmodium, these are four types of
Plasmodium species, namely, P. falciparum, P. vivax, P. ovale, and P. malariae. The complex
life cycle of malaria parasites is completed by passing through both the anopheline mosquito
and human, with asexual reproduction occurring in the mammalian host and sexual
reproduction in the anopheles mosquito vectors (Fig.1) (White et.al., 1998). Infection in
humans begins when anopheles mosquito (female) which carry plasmodium parasite, bites
the human, with which the sporozoite stage of parasite gets transmitted. Sporozoites get
injected through the bloodstream these sporozoites travel to the liver via blood and take up
residues in hepatocytes (liver cell). In the liver the sporozoites multiply asexually and become
many merozoites collectively known as schizonts, the hepatocytes then burst releasing it into
the blood and thus occur in 7-10 days later. In the blood all the merozoites invade
erythrocytes and multiply again until the cell burst and releasing into bloodstream. After
several asexual cycles merozoites can invade RBC and instead of replicating they can
develop into sexual form of the parasites, which are plasmodium gametocytes, therefore, if
another unaffected anopheles mosquito (female) comes and bite to particular infected human
it was suck of these gametocytes. It digest gametocytes which will they allow it to develop
into many sex cell called gametes, then they fused together to form zygotes which forming
oocytes where we have sporozoites begins to developed, they can multiply then they cause
oocytes ruptured releasing the sporozoites, these moved into the salivary gland of the
mosquito leads to injected into the another human so that male and female gametes enter
sporozenic cycle producing more pathogenic sporozoites. So that female mosquito can infect
human causing malaria.

2.2 Cytoadherence

The pathogenicity of P. falciparum increases due to its unique ability to adhere to the
capillary and post capillary venular endothelium, this process is known as cytoadherence
(Lus S. A etal; 1971, MacPherson G. G et.al; 1985). Cytoadherence gives the survival
advantage to the parasite; the major advantage is the escape from the clearance by the spleen.
This safeguards the parasite from the immune response.

Cytoadherence resulting the sequestration of infected erythrocytes (IRBC) leads to the

alteration in the microcirculatory blood flow, the metabolic dysfunction, and as a
consequence, many of the manifestations of severe falciparum malaria components (Ho M
et.al; 1990).
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2.3 Plasmodium falciparum erythrocyte membrane protein 1

During the merozoite stage of Plasmodium falciparum, the Plasmodium falciparum
Erythrocyte Membrane Protein 1 (PfEMPL1) is expressed on the surface of infected RBC and
mediates adhesion of infected erythrocytes (IE) to the various host cells on the vascular
lining. (Baruch DI et.al; 1995, Su XZ et.al; 1995). PFEMPL1 is encoded by ~60 var genes, a
majority of which are situated in the sub telomeric regions while remaining ~40% are found
centrally in the chromosomes (Lavstsen T. Et.al; 2003, Kraemer SM et.al; 2003). To large
extent hyper-variable var gene repertoire generated by frequent meiotic ectopic
recombination in the mosquito abdomen, this is possible by alignment of var genes in the
nuclear periphery (Taylor HM et.al; 2000, Freitas-Junior LH et.al; 2000). Most of the
PfEMPL1 (even proteins with the same domain architecture) display less than 50% amino acid
sequence identity between individual domains (Kraemer SM et.al; 2007). Several human cell
receptors involved in adhesion of PFEMP1 are CD36 and intercellular adhesion molecule 1
(ICAM-1), although no consensus on association between receptor binding and severe
malaria has been reached (reviewed in Rowe JA et.al; 2009). PfEMP1 has previously been
described as composed of several domains N-terminal segments (NTS), Duffy binding-like
(DBL) domains, Cystine rich inter-domain regions (CIDR1a), C2 domains, one
transmembrane region (TM) and the acidic terminal segment (ATS). The CIDR1 domains
have been divided into three classes: CIDR1a, B and y (MacPherson G. G et.al; 1985).

Among these only CIDR1a binds to the CD36 receptor (Baruch DI et.al; 1995). CIDR1a
domain consisting of three regions, which are minimal CD36 binding region denoted M2,
flanked by less conserved M1 and M3 regions (Smith JD et.al; 2000). Several CIDR 1o class
domains have been found to mediate binding to the human CD36 receptor. Furthermore,
CIDR1a domains have been found to bind immunoglobulin M and PECAM-1 (Chen Q et.al;
2000).

2.4 Information Theoretic Measures

In information theory, entropy is a measure of the uncertainty associated with a random
variable. In this context, the term usually refers to the Shannon entropy (H) that is one of the
simplest and most common information theoretic scores which estimate the diversity of a
system and sequence variability at a position in the alignment (Sander S et.al;1991, Kullback
S et.al;1991). It is defined for a column i as:

A
H=- P1log, P,
i=1

Where M = 20, the number of possible amino acids.
Pi = amino acid frequency distribution in column i of the alignment.

The unit of entropy is ‘bit’. However, it is immaterial which logarithm is used as all
logarithms are proportional. Shannon entropy would be highest for a completely variable
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column where every amino acid is equally likely whereas it would be zero for a completely
conserved column.

2.4.1 Relative Entropy

Relative Entropy (RE) also called the Kullback-Leibler divergence (KL divergence) as the
direct divergence between two distributions (Kullback SK et.al; 1951). It is used to compare
two probability distributions (Cover T et.al; 2009) and is to measure the difference of an
amino acid distribution P from some background distribution Q. The relative entropy was
calculated according to the formula:

P(n)
Q(mn)

20
Relative Entropy = Z P(n)log
n=1

Where the summation is over all amino-acid types n in the alignment; P(n) is the probability
of the amino acid n in the column; Q(n) is the background probability of the amino acid n in
all columns of the multiple sequence alignment, which is calculated as the probability of
finding an amino acid n in all available protein sequences ie, protein sequences in Swiss-Prot
database. It is always greater than or equal to zero. The relative entropy reached its maximum
value if the amino acid alone is observed which is the least probable according to the
background distribution.

2.4.2 Cumulative Relative Entropy (CRE)

The cumulative relative entropy of an alignment is simply the sum of the information /
relative entropy of all of the positions. Hannenhelli and Russel represented the CRE method
for identification of Specificity Determining Residues (SDRs) given an alignment and its
classification into subfamilies (Hannenhali S et.al;2000). For alignment position i, the CRE is
calculated as:

p;(x.y,)
p;(x.y,)

REi(y,- ;)= Z p, (X, )log~ =12
Where pi(x,y1) and pi(x,y2) denote the probabilities of amino acid x in the subfamily y and the
rest of the subfamilies at position i of the alignment respectively.

The method was implemented using HMM and further HMM profiles were also used to
predict the subfamilies of the unclassified proteins. Authors performed a large scale
assessment of their method by applying PFAM collection of multiple sequence alignment
partitioned into subfamilies by using Swiss-Port functional assignment. The good
performance of the method has been shown by the fact the predicted SDRs were in close
agreement with the experiment.
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CHAPTER 3

AIM AND OBJECTIVE

This study is aimed at the identification, modification and implementation of information
theoretic measures for the prediction of critical residues from a sequence analysis
perspective. To maintain the fold and function of a protein family, various groups of residues
follow different conservation patterns across the different subfamilies. The residues
responsible for maintaining the fold and for conferring specificity are collectively termed
“critical” residues. These conservation patterns identified from the multiple sequence
alignment of the proteins, organised into various subfamilies.

From a sequence analysis standpoint, fold determining residues are conserved throughout the
family while specificity determining residues can be interpreted as differentially conserved
residues of different subfamilies. In order to predict fold determining residues Kullback —
Leibler distance (Relative Entropy) is used.

Protein function can be studied hierarchically, e.g., the broader function of a GPCR family is
single transduction, but at a finer level the binding sites of these single transducing molecules
tend to vary across subfamilies giving rise to different signal transduction pathway activation.

Specificity determining residues can be interpreted as differentially conserved residues of
different subfamilies. In order to predict these functionally relevant conservations of each
subfamily distinctively from the conservation associated universal across all the subfamilies
we have developed a Cumulative Relative Entropy approach to identify residues responsible
for a specific function by not only considering the differentially conserved residues but also
those residues that are conserved only in the concerned subfamily.

a)
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b)

SVIBN Lt QK Erl

Figure 2: Schematic description of sequence conservation and its implication on protein function. (a)
Show residues conserved across the alignment. These are responsible for the broad function or
thermodynamic integration of the protein. (b) Patterns of differential conservation are seen in the case
of residues conserved only within the subfamily and are presumed to be responsible for its specific
function.

......
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CHAPTER 4

MATERIAL AND METHODS

4.1 CIDR10 domain sequences

The protein sequences of PFEMP1 were obtained from the CIDR1a. These sequences were
trimmed to get CIDR1a and CIDRIP domain using local pair alignment using Mafft. This
was done by performing local pair alignment MC179 sequence and trimming.

CIDR1a domain was obtained by performing local pair alignment with MC179.

4.2 Building Multiple Sequence Alignment

Mafft is used for the local pair option in multiple sequence alignment of all CIDR1a
sequences, using the option providing an iterative refinement method incorporating local
pairwise alignment. We used standalone version of Mafft.

4.3 Prediction of Fold and Function specific residues

4.3.1 Calculation of Relative Entropy (RE) Scores

As explained in Section 4.1, Relative Entropy (RE) scores are calculated by comparing the
amino acid probability distribution for each column of the multiple sequence alignment with
that of the background distribution. The background probability distributions for all the 20
amino acids were calculated directly from the alignment.

Where alignment.fasta is the input alignment file from Section 2 and background.txt is the
output file with the background frequencies for the 20 amino acids specific for the alignment
in alphabetic order. The Relative Entropy scores for all columns in the alignment are
calculated.

This script makes use of the HMMER package 2.3.2 and module hmmer.pm to calculate the
position specific information for all columns of the multiple sequence alignment,
alignment.fasta and compare it with the background probabilities present in background.txt.
The Relative Entropy scores are written in the output file alignment_RE. This file has two
fields: alignment column positions and RE scores. All the columns of the alignment were
accounted for irrespective of the number of gaps present. Therefore it was necessary to
weight the columns based on the number of gaps present in each columns which was
incorporated by a scaling factor given as:

Si =sum ( Non gap sites in column i) / No of sites in column i
REi = REi X Si

Where S; is the scaling factor for each column i in the MSA.
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Mapping of the RE scores to a specific protein sequence in the alignment is carried out using
mapping_protein.pl, where alignment_Res is the scaled RE scores, alignment.fasta is the
alignment file and id is the sequence id of the protin sequence to be mapped. The output file
alignment_Remapped contains 4 fields: alignment column positions, scaled RE scores, amino
acid of the protein sequence id corresponding to each column position and sequence
positions.

4.3.2 Calculation of Cumulative Relative Entropy (CRE) Scores

The alignment sequences can be grouped separate subfamilies by preparing a list of sequence
id that belong to a particular subfamily of interest as one list (subfamily.fasta) and the rest of
sequence ids for all the other subfamilies as another (rest.fasta) list.

Where alignment.fasta is th alignment file, list contains the ids separated into two groups that
are to be studied (subfamily, rest). The outputs are the alignment of sequences for each group
under study.(subfamily.fa, rest.fa).

RE_subfamily.pl builds hmm profiles and extracts out the probabilities from HMM profiles
using hmmer.pm. Similar to that of RE calculation where the comparison is done with the
background frequencies but here, RE_subfamily.pl compares the probability distribution of
the subfamily under study (subfamilyl.fa) with the rest of subfamilies (rest.fa). The output
file is subfamilyl2_RE.

Similarly,
As mentioned earlier in Section 3 scaling.pl makes correction for gaps in the scores obtained.

Similarly RE_family.pl builds and extracts probabilities from HMM profiles using
hmmer.pm for calculation of Relative Entropy Scores. Here RE is subjected for the
concerned subfamily. The output file is subfamily RE which is later scaled.

Differentially conserved residues for each subfamilies, and those residues that are present in
one subfamily but absent in others can be efficiently extracted by CRE calculations. The
intuitive procedure is to weight more for these residues from the others, thereby giving this
formula for CRE calculation:

CRE; = (RE12; + RE21;) x (REL))

Where i = each columns of the multiple sequence alignment. These CRE scores are later
normalized resulting in CREs scores. It requires the module REcontext.pm.

The output file alignment_mapped CRE contains four fields: alignment column positions,
CREs scores, amino acids of the protein sequence id corresponding to each column position
and sequence positions.
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4.3.3 Generating Null Models

To assess the significance of the results obtained through RE, REcontext and DCA it was
necessary to compare the results with that obtained from the Null model. The Null models
were generated by randomizing the data sets, which in our case is the sequence alignment
files.

Randomizing was done keeping in mind the following criteria’s (Rost B et.al;1993):

e The randomize data should nullify the property established in the native alignment.
e The gap integrity of the alignment should be maintained as it was necessary to
maintain the topological stacking of various compartments of the protein sequences.

4.3.4 Null Models for RE calculation

The native alignment for RE calculations establishes the property of residue conservations
across certain columns of the Multiple Sequence Alignment. These conservations as
explained in Sections (4.1, 4.2) are necessary to reflect the fold and function specific residues
in the protein family under study. So a random alignment intuitively should reside in the
residue columns that night be conserved by chance. More importantly the properties retained
in the native alignment are single site constraints. Therefore randomizing was done by
shuffling each rows/sequences of the multiple sequence alignment keeping the gaps of the
alignment undisturbed as they are placed such that an optimal alignment of the sequence is
produced.

Where alignment.fa is the input alignment file and output.fa is the row shuffled randomized
alignment.

The above procedures for RE and CRE calculations (Section 3, 4, 5 and 7) were later
implemented on the randomized datasets, which apart from predicting random fold specific,
function specific and co-evolving residues would also identify the threshold values that are to
be set to obtain significant predictions.

Where input files are RE_results were that obtained from the native alignment,
rand_RE_results were that obtained from the random dataset, z_results are those residues that
are significant greater than the threshold value obtained from the null model.
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Figure 3: The work follows of various methodologies that were implementing in this thesis.

4.4 Modelling CD36

Homology model of CD36 sequence was generated using Modeller9v7Package. All the
scripts used for modelling are available at the website.

https://salilab.org/modeller/tutorial/basic.html. The steps taken for building the structure
model of CD36 sequence are as follows:

4.4.1 Template Identification

The template used for modelling is 4F7B.pdb is from Homo sapiens (Neculai D et.al; 2013).
_aln.pos 10 20 30 40 50 60
4F7BF

KIVLRNGTEAFDSWEKPPLPVYTQFYFENVTNPEEILRGETPRVEEVGPYTYRELRNKANIQFGDNGT
consrvd
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_aln.p 70 80 90 100 110 120

130

4F1BF

TISAVSNKAYVFERDQSVGDPKIDLIRTLNIPVLTVIEWSQVHFLREIIEAMLKAYQQKLEVTHTVDE
consrvd

_aln.pos 140 150 160 170 180 190

200

4F7BF

LLWGYKDEILSLIHVFRPDISPYFGLFYEKNGTNDGDYVFLTGEDSYLNFTKIVEWNGKTSLDWWITD
consrvd

_aln.pos 210 220 230 240 250 260

270

4F71BF

KCNMINGTDGDSFHPLITKDEVLYVFPSDFCRSVYITFSDYESVQGLPAFRYKVPAETILANTSDNAGE
consrvd

_aln.pos 280 290 300 310 320 330

340

4F7BF

CIPEGNCLGSGVLNVSICKNGAPIIMSFPHFYQADERFVSAIEGMHPNQEDHETEFVDINPLTGIILKA
consrvd

_aln.pos 350 360 370 380 390
4F7BF AKRFQINIYVKKLDDFVETGDIRTMVFPVMYLNESVHIDKETASRLKSMI
consrvd

aln.EOS 10 20 30 40 a0 60
4F7B ’ KIVLRNGTEAFDIMEKPPLPVY TQF YFFENVTNPEE | LRGETPRVEEVGPY TYRELRNKAN IQFCDNGT
_consv

ain. 70 a0 90 100 110 120 130
4F78 ’ TISAVSNKAYVFERDQSVEDRKI DL IRTLNTPVLTV I BASQVHELRE | TEAVLKAYQLKLFVTHTVDE
_consv

aln.EOS 140 130 160 170 1860 190 200
4F7B LIWGYKDE! LSL THVFRAD T SPYFGLFYBKNGTNDCDYVFLTGEDSY LNF TKI VEANGKTSLDAWI TD

_consivd

aln.Eos 210 220 230 240 250 260 270
4F7B ; K NVINGTDGDSFHPL | TKDEVLYVFPSDF RSVY | TFSDYESVQGLPAFRYKVPAE | LANT SDNAGF
_Consrv

aln.Eos 280 290 300 310 320 330 340
4F7B ; IPECN LGSGVLNVS] KNGAP | IIVSFPHF YQADERFVSA | ESVHANGEDHETFVD INPLTGI LKA
_Consrv

aln.EOS 350 360 370 380 390
4F7B ’ AKRFQ NI YVKKLDDFVETGD IRTMVFPVY LNESVH | DKETASR LKSMI
_consfv
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4.4.2 Aligning CD36 with the template

Python script align2d.py is used to align the CD36 with the template structure. It uses align2d
command which is based on a dynamic programming algorithm and is different from general
sequence alignment methods as it takes into consideration the structural information from the
template while constructing an alignment. By the appropriate insertion of gaps using variable
gap penalty function which tends to place gaps in solvent exposed and curved regions,
outside secondary structure segments, and between two positions that are in close proximity,
the alignment errors are reduced significantly in comparison to general sequence alignment
methods. The above improvement becomes more critical for the sequences exhibiting less
similarity and harbouring more number of gaps in the alignment.

>P1;4F7BF

structureX:4F7B: 40 :F:+390 :F:MOL ID 1; MOLECULE LYSOSOME MEMBRANE
PROTEIN 2; CHAIN A, B, C, D, E, F; FRAGMENT LYSOSOME MEMBRANE PROTEIN
2 (UNP REISDUES 34-429) SYNONYM 85 KDA LYSOSOMAL  MEMBRANE
SIALOGLYCOPROTEIN, LGP85 ANTIGEN-LIKE 2, LYSOSOME MEMBRANE PROTEIN IT,
LIMP II, SCAV RECEPTOR CLASS B MEMBER 2; ENGINEERED YES:MOL ID 1;
ORGANISM SCIENTIFIC HOMO SAPIENS; ORGANISM COMMON HUMAN;
ORGANISM TAXID 9606; GENE CD36L2, LIMPII, SCARBZ2: 3.00:-1.00
KIVLRNGTEAFDSWEKPPLPVYTQFYFFNVTNPEEILRGETPRVEEVGPYTYRELRNKANIQFGDNGTTIS

SAVSN
KAYVFERDQSVGDPKIDLIRTLNIPVLTVIEWSQVHFLREITEAMLKAYQQOKLEVTHTVDELLWGYKDETL
SLTIH
VEFRPDISPYFGLEYEKNGTNDGDYVELTGEDSYLNEFTKIVEWNGKTSLDWWITDKCNMINGTDGDSEFHPLIT
TKDE
VLYVFPSDFCRSVYITFSDYESVQGLPAFRYKVPAEILANTSDNAGFCIPEGNCLGSGVLNVSICKNGAPI
IMSF
PHEFYQADERFVSATEGMHPNQEDHETEFVDINPLTGIILKAAKRFQINIYVKKLDDEVETGDIRTMVEPVMY
LNES

VHIDKETASRLKSMI*
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4.4.3 Model Building

Another python script named as model-single.py is use for building 3D model of CD36 from
the sequence template alignment. The objective is achieved by auto-model class of Modeller.
A total of 100 3D models of CD36 were prepared as result of “model single.py” and an
output file “model-single.log” summarizing all the models built.

» Distribution of short non—honded contacts:

DISTANCEL: A.86 2.18 2.28 2.30 2.40 2.048 2.60 2.78 2.80 2.98 3.88 3.18 3.28 3.3
2.1 2.28 2.38 2.48 2.50 2.660 2.79 2.80 2.90 3.608 F.16 3.218 3.368 1.4
a A a a B 47 1m 215 258 395 489 461 54@ L9

EHERGY .
»» Model assessment by DOPE potential

»» EMERGY; Differences between the model's features and restraints:

all reszidues in MODEL 495

all. selected real atoms 3916 3716

all. selected pseudo atoms 8 8

Gﬂ%l static. selected restraints 392@% 3?2l
OMBONDED_SEL_ATOMS 1
umber of non—honded pairs Cexcluding 1-2.1-3.1-4> 688306

1, NATH x MATH double loop

a.39a

6.5688 7.508

6.588 7.508

i 999
15
OMTACT _SHELL 15 .888
nTHgHIC_PHI¥3,_EPHERE,_CDULOHB,_LENHHRD,_HODELLER T
SPHERE_STIN a.858
RADII_FACTOR a.g2a@

urrent eneryy —45842% . 3469

EMERGY .
DOPE score : —45842 846875
szessment by GA341 potential

surface library : CisProgram Files (xB6>“Modeller?.15/modlib/surf5 . de
air library : C:\Program Files (xB6)“Modellex?.15/ modlib/pair?.de
hain identifiew T
¢ sequence identity : 468.897999
meguence length : 495
ompactness : A.018676
ative energy (pairl : 21778567
ative energy (surface) : 4_141594
ative energy (combined> : 2_7663686
score (pair» : -b.468743
score C(surfacel : -5.6087468
score (combined) : —7.958456
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DISTANCEL: ©.88 2.18 2.20 2.38 2.40 2.50 2.60 2.70 2.80 2.99 3.80 3.18 3.28 3.3
2.18 2.28 2.38 2.48 2.50 2.60 2.70 2.80 2.960 3.80 3.18 3.20 3.30 3.4
a a a a 1 68 184 258 282 422 394 448 562 58

{ end of ENERGY.
»» Hodel asseszsment hy DOPE potential

»¥ EMERGY; Differences hetween the model’s features and restraints:
all residues in MODEL H 495
all, selected real atoms : 3916
all, selected pseudo atoms :
all static, selected restraints : 3923%
1
b87611
1, MATH x NATHM double loop
B.398
6.588 7.588
b.588  7.5688
1 9999
15
_ H 15 . 888
n?NHHIE_PHI¥E,_EPHERE,_EUULDMB,_LENNHRD,_HDDELLER : T

S PHERE_STDU : A.\85n
: a.828

urrent energy ; —-45387.2148

{ end of ENERGY.
DOPE score : 45309214844
»» Hodel assessment hy GA341 potential

wurface libhrary : C:snProgram Files <xB6)>“Modeller?.15/modlib/surfS.de

i ! C:nProgram Files (x86)<Modeller?.15/modlib/pair?.de
¢ sequence identity : 897999
Sequence length : 495
ompactness : -A1A794
ative energy (paird : -741R49
ative energy (zurface) : 202693
ative energy (comhined> : .735997
7 score (paird : -b47878
7 zcore (surface) : .B59232
7 score (combined) : 704541
A341l score : . ABAERA




ISTANCEL :

3.48
ISTANCEZ :
H 3.58
FREQUENCY = a A

{ end of EMERGY.

8.88 2.10 2.28 2.38 2.48 2.50 2.60 2.70 2.88 2.98 3.88 3.10 3.28 3.3
2.1@ 2.20 2.360 2.48 2.5@ 2.6 2.70@ 2.80 2.90 3.688 3.18 3.2@ 3.30 3.4

a a va 182 258 267 4@7 388 449 558 o4

»» Hodel assessment hy DOPE potential

»» EMERGY: Differences between the model’s features and restraints:
umber of all residues in MODEL : 495

umber of all. selected real atoms

3916 3916

umher of all, selected pseudo atomsz : a 6]

umber of all static,. selected restraints

OUALENT _CYS
ONBONDED_SEL_ATOMS

umbher of non-honded pairs

Dynamic pairsz routine

392@% 372m

: i
Cexcluding 1-2,1-3,1-4): 688991
: 1. NATH x HATH double loop

Atomic shift for contacts update CUPDATE_DYNAWIG)> = A.39@
LENNARD_JONES_SWITCH :

SPHERE_STDU
RADIT_FACTOR
urrent energy

¢ end of EMERGY.
DOPE score

air libhrary
hain identifier
¢ sequence identity

ative energy (paird
ative energy (surfacel

ative energy Ccombined? :

7 score (paird

7. score (surfaced
¥ score C(combined?
A341l score

23|

6.508  7.588

6.508 7.5808
1 9999
15

15.008
T

-a5a
.82
-44625.9182

: —44625.910156

: CixProgram Filezs (x86>Modeller?.15/modlibssurf5.de
: C:nProgram Files (x86>-Modeller?.15%/modlib/pair?.de

48.897999
495
A.918a51
47.719101
-8.289884
1.243846
—-7.409862
-6.1888404
-97.284819
1.AAR0AA




DISTANCEL: @.6@ 2.10 2.20 2.3A 2.40 2.5 2.60 2.70 2.8 2.90 3.080 3.18 3.20 3.3
2.10 2.29 2.3@ 2.4 2.50 2.00 2.70 2.80 2.90 3.080 3.1 3.20 3.30 3.4
@ 8 B8 B8 1 54 96 236 270 488 352 432 528 57

{ end of ENERGY.
*> Model assessment hy DOPE potential

»> EMERGY; Differences hetween the model’s features and restraints:

umber of all residues in MODEL : 495

umbher of all, selected real atoms : 3916

umber of all, selected pseudo atoms : @

umber of all static, selected restraints : 39201

OUALENT_CYS : F

ONBONDED_SEL_ATOMS : 1

umber of non- bonded pairs {(excluding 1-2,1-3.1- 4} 685868

Dynamic pairs routine : 1, NATH x NATM double loop

itomic shift for contacts update (UPDATE_DYMNAMIC) : A.398

EMNARD_JONES _SWITCH : 6.588 7.588

OULOMB_JONES _SWITCH : 6.588 7.588

RES IDUE_SPAN_RANGE : 1% 92999
! :  15.P68

IYN%HIE_PHI¥E,_EPHEHE,_EDULUHH,_LENNHRD,_HUDELLEH : T

EPHERE_STDU : A.858

RADIT _FACTOR : A.820

urrent enerqy : -46210.9414

{ end of EMERGY.
DOPE score : —-46210.941406
»> Model assessment by GA341 potential

Burface library : Ci\Program Files (xB6)\Modeller?.15/modlib/surf5.de
air library i CiNProgram Files (xB6)“\Modeller?.15/modlib/pair?.de
hain identifier :
¢ sequence identity H 40.897999
Bequence length : 495
ompactness : A.911668
ative enerqy (pair) : 01.A47830
at1ue ENerqy (surface) H 4.092421
1.975428

Y score (paird : -6.937415
. score (surface) : -5.584687
V. score {(combined) : -0.368867
: 1.ABAARR




DISTANCEL: ©.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 1.80 3.18 3.28 3.
2.10 2.20 2.30 2.4 2.50 2.60 2.70 2.80 2.90 3.80 3.18 3.20 3.3@ 3.
FREQUENCY : B 8 @8 B B 56 182 244 268 398 398 461 542 5

»? Model assessment hy DOPE potential

»> ENERGY; Differences hetween the model's features and restraints:
umber of all residues in MODEL : 495
umher of all, selected real atoms : 3916
umher of all, selected pseudo atoms : A
umber of all static, selected restraints : 39281
OUALENT _CYS : F
ONBONDED_SEL_ATOMS 1
umher of non- honded pairs {excluding 1-2.1-3.1- 4} 686076
Dynamic pairs routine : 1, NATH x NATM douhle loop
Atomic shift for contacts update (UPDHTE_DYHHHIE) A.398
LENNARD_JONES _SWITCH : 6.508 7.588
OULOMB_JONES _SUITCH : 6.508 7.560
RESIDUE_SPAN_RANGE : i 9999
: 15
15.084
T

#.@5a
B.820
-45894.2617

{ end of ENERGY.
DOPE score : —45894.261719
>> Model assessment hy GA341 potential

nurfass library : GC:\Program Files (xB6>\Modeller?.15/modlih/surf5.de
: C:nProgram Files (x86)“Modeller?.15/modlib/pair?.de

hain identifier _
¢ gsequence identity : 40.897999
nequence length : 495
ompactness : A.811862
ative energy (pair? : 48 . 072048
ative enerqy (surface) : 2814557
ative enerqy (combined) : 1.678529
7 score (pair) : -7.113324
Z zcore (surface) : -6.133453
7 score (comhined) : -8.7085397
: 1.000008
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4.4.4 Selection of the best Model

The model can be picked with the lowest value of the modeller objective function or the
DOPE assessment score and with the highest GA341 assessment score reported in log file
“model-single.log”. GA341 score ranges from 0.0 (worst) to 1.0 (native-like). The DOPE and
GA341 score are not absolute measure, they are only used to rank models calculated from the
sequence alignment. However, DOPE score is better than GA341 in distinguishing ‘good’
models from ‘bad’ models. The GA341 was highest, 1 for all the hundred models, so, 5
lowest DOPE scoring models are picked out of 100 further evaluation.

Python script evaluate_model.py uses complete_pdb to residues in a PDB file and prepares it
for energy calculation. The DOPE energy is calculated with the assess_dope command and
the energy profile is smooth ednedoevr a 15 residue window and normalised by the number
of restrain acting on each residue is written to the output file “4F7B.profile( for template)”,
which can be plotted using python script plot_profiles.py.

4.4.5 Model Evaluation
The best model out of these 5 shortlisted model was selected by PROCHECK (Laskowski
RA et.al; 1996) server, PROSA-we server.

200
] m[=
160 L 5
[ =]
o m -
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200 -160 -120 B0  -40 0 40 a0 120 160 200
Phi

Ramachandran Plot. Ramachandran Plot is obtained as output by using PROCHECK software.
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: Phi/Psi pair of dihedral restraints
b.50088

# ICSR RESNO1,2 ATM1-2  INDATM1/2 FEAT  restr  wviol reiol REST
UIOL  RUIOL
1 536 3C 4DC N 17 1% -72.3% -78.98  3.45 #.12
166.84 21.16
1 40 4D N CA 19 280 153.41 158.38

2 537 4D 5SRC N 25 27 -76.28 -72.18
172.29  24.19
2 SR SRN CA 27 28 147.12 141.98

3 538 SR G6NC N 36 38 -111.18 -119.98
-174.56 208.98
3 6N 6NN CA 38 39 138.82 137.080

4 548 ¢ 8GC N a8 52 149.54 -167.20
-174.67 12.15
4 8G BGN CA 52 53 -178.84 174.68

5 %41 8 9L C N 54 56 -1B6.44 -188.50
172.68  26.62
5 9L 9L N CA 56 57 151.55 132.5@

b 543 181 11AC N M 72 -81.16 -68.20
156.56  26.62

b 11A 11A N CA 2 M .66 145.38

7 544 11p 126 C N nN 27 -808.28
-155.81  15.94
? 126 12G N CA 7 .46 174.18

g 545 126G 13AC N % 81 .48 -134.88
-177.66  34.98
g 13 13A N CA g1 82 .85 147.88

9 548 151 16GC M 79 .27 -167.28
178.78  13.43
9 166G 16G N CA .67 174.68

18 547 166G 17A C N -134.60
-172.38  35.13
18 178 17A N CA 147.608

11 551 180 19L C M -188.50
176.21  22.42
11 19L 1%L N CA 132.58

12 552 19L 28A C M -134.60
-178.52 33.64
12 28R 2BA N CA 147.608

13 554 210 22F C M -124.208
176.96  28.37
13 22F 22F N CA 143.30




Summary of the restraint violations:

NUM

NUMUI
RUTOL
NUMUP
RMS _1
RMS_2

MOL.PDF ..

.. number of restraints.
.. number of restraints with RUIOL > UIOL_REPORT _CUTLil.
... relative difference from the best value.

. numbher of pestraints with —Ln{pdf> > UIOL_REPORT _CUTZ2[il.
. RM8(feature, minimally_violated_hasis_restraint, MNUMB).
. RHS{feature, bhest_value, MNUMB}.
. gcaled contribution to -Ln<Molecular pdf).

_ RESTRAINT_GROUP

MOL.PDF 8_1

HUM

NUMUI

NUMUP

RMS_1

1 Bond length potential

A.0068

2 Bond angle potential

3 Stereochemical cosine torsion poten:

4 Stereochemical improper torsion pot:

L Soft-sphere overlap restraints

b Lennard-Jones 6-12 potential

A.0060

? Coulomb point-point electrostatic p:

8 H-bonding potential

A.0068

9 Distance restraints 1 <CA-CA>

A.0068

18 Distance pestraints 2 (N-0O

A.8004
11 Mainchain
B.ABeA
12 Mainchain
A.8084
13 Mainchain
0.8004
14 Sidechain
B.8peA
15 Sidechain
A.8084
16 Sidechain
A.8004
17 Sidechain
A.8004
18 Disulfide
A.8084
19 Disulf ide
A.8084
28 Disulfide
0.8004

B.860
Phi dihedral restraints
B.8Ee

Psi dihedral restraints
A.60a

Omega dihedral restraints:

Chi_1 dihedral restraints:

Chi_2 dihedral restraints:

Chi_3 dihedral restraints:

Chi_4 dihedral restraints:

A.884
distance restraints
A.808

angle restraints
A.888

dihedral angle restraints:

?1 Lower hound distance restraints




4.4.6 Energy Minimization of Energy Model

Energy minimization of 3D model was done using a multilevel optimization method
YASARA server, which runs molecular dynamics simulations of models in explicit solvent,
using a new partly knowledge-based all atom force field derived from Amber, whose
parameters have been optimized to minimize the damage done to protein crystal structures
(Emla K et.al;2009).

Stepl: The pdb file of the modelled protein was uploaded on the server.

Step2: Minimization process take place on the YASARA server and the minimized model is
received on the mail as YASARA screen, which can be viewed in YASARA viewer.

Step3: This model can be saved in pdb format using save as pdb option of YASARA.

4.4.7 Mapping of Residues on Structure

PyMOL is an opensource tool to visualize molecules available from (www.pymol.org). Mark
the important residues on the protein with the help of PYMOL. This was done manually by
selecting the residues and then colour of selected residues was changed using [CJolor option
of PYMOL.

4.4.8 Protein —Protein Docking
Protein — protein docking was performed using HADDOCK web server (Sjoerd j et.al; 2010).

Stepl: Pdb file of receptor (CD36) is uploaded.
Step2: Active residues (directly involved in the interaction).
Step3: Same is done with second molecule i.e. CIDR 1o domain.

Step4: Run docking.
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CHAPTER 5

RESULT

5.1 Alignment

Local pair multiple sequence alignment among 105 sequence of CIDR domain was
performed using MAFFT, two type of conservation pattern are obtain (a) conserved in the
CIDR domain of the entire PFEMP family.(Figure 4) (b) conserved in CIDR1a while are not
conserved in other e.g. B and y (Figure 5).

dCITG CNRRA IR
PRI CORIMAZE
PrEGTeR G
CrOGISe CADR 120
Ol ad GOA1RAAT?
Ori MGT GOAR1RAAZ0
CRGE 5T GOA1RAA2
CROGQAR CANG 14T
PIOGEZR CANG S 14
ORI MME COA1RAAZR
CRIE IR4Z GOA1RA- 10
PRRBR DDA 118
PR aRER DDA 118
CrEGHde CAORIA-14
CRGE R GOA1RAAZT
Ol 0 GOA1RA. 18
PRGNSR CADR g
PRRRIR CDA1aM.132
CROATR GG IE
CRARRTE CANG 140
CROAZER CAN R IT
MERPA 12 DORAGAATS

CRADRTE CANG 21T
CRGE 0540 GOAZAAZT
EEIE 4 QAR T
PRLIGRR CAGEALETT
PrRRIR CDAEA.IIE

Figure 4: Shows C at 150,187 alignment position is conserved in CIDR domain of entire PFEMP1
family, these residues are structurally critical and thus have high RE scores.
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Figure 5: Shows E at 227 alignment position is conserved in CIDR 1o domain not conserved in other
e.g. B and y of PFEMPI family, these residues are functionally critical and thus have high CRE
Scores.
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5.2 Prediction of Fold specific Residue — Result of RE Calculation

Fold specific residues, as defined in this report, are residues which are responsible for
maintaining the overall fold of the protein. These residues would be conserved across the
CIDR1a alignment, irrespective of the specificity of various subfamilies.

RE Score
‘.s A ) . . . L]
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Alignment_position

Figure 6: The Relative Entropy result of level of whole CIDR 1a alignment

Relative Entropy calculation similar to conservation calculations, can predict residues that are
significantly conserved throughout the subfamilies when compared to their background
frequencies. Figure 6 shows the Relative Entropy (RE) results for the complete CIDRI1a
domain.

The x-axis is the alignment column positions of the protein sequence that is mapped in the
script mapping_protein.pl. The y-axis is the z normalized RE scores obtained through the RE
calculations. The x-axis, in general, spans scores all columns of the alignment from the first
to the length of the protein sequence.

The tradition conservation scores consider the frequency distribution of all the amino acids
across each column in the alignment. RE calculations identifies those residues whose
probability distribution are significantly different from their background probability
distribution.
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5.3 Prediction of Function specific Residue — Results of CRE Calculation
Functional Specific residues are the residues that are differentially conserved within a
subfamily with a specific function. Cumulative Relative Entropy (CRE) as defined previously
can be used to identify these functionally critical residues.
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Figure 7: The Cumulative Relative Entropy results of level of whole CIDR 1o alignment

A listing of residue ordered by conservation (fold and function) is provided as Table 1 and
Table 2 in appendix.
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5.4 Significance of Prediction — Null Model comparison

5.4.1 RE - Fold specific residues

In order to gauge the significance of these prediction, and to identify a proper threshold value
to be used as a cut off, short listing those high scoring residues mentioned above we
generated a null model, as explained in Section 3.4. The results from the native and null
model are later compared as shown in figure 8a and figure 8b.

The x-axis is the normalized RE scores and y-axis is the frequency distribution of these RE
scores. The null model has a bimodal distribution containing one sharp bar of values close to
zero, and shifted to the left extreme after Z-normalization, and another smaller normal
distribution, corresponding to the CIDR 1a residues.

From the plots a and b the frequency distributions for the null model in contrast to the actual
data tends to have a lower distribution value. These threshold points at which the distribution
of the null model differs significantly from the actual data is considered as our cut off values.
Cut off was interpreted from the frequency distribution graph minimum score which don’t
overlap with the scores calculated after randomizing the alignment. Therefore those residues
with normalized RE scores greater than 1 were considered to be significantly contributing to
the fold of the protein.
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Figure 8 (a) and (b) Comparison of native and null model results for RE

5.4.2 CRE - Function Specific Residues

Same as in the case of RE to identify a proper threshold value to be used as cut off, short
listing those high scoring residues mentioned above we generated a Null model, as explained
in Section 3.4. The results from the native and the null model are later compared as shown in
figure 9a and figure 9b.

The x-axis is the normalized CRE scores and y-axis is the frequency distribution of these
CRE scores. The null model has a bimodal distribution containing one sharp bar of values
close to zero, and shifted to the left extreme after Z-normalization, and another smaller
normal distribution, corresponding to the CIDR1a residues.

From the plots (a) and (b) the frequency distributions for the null model in contrast to the
actual data tends to have a lower distribution value. These threshold points at which the
distribution of the null model differs significantly from the actual data is considered as our
cut off values. Cut off was interpreted from the frequency distribution graph minimum score
which don’t overlap with the scores calculated after randomizing the alignment. Therefore,
those residues with normalized CRE scores are greater than 3 were considered to be
significantly contributing to the fold of the protein.
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Figure 9(a) and 9(b) Comparison of native and null model results for CRE

37| Page




5.5 Mapping Residue on Structure

Residues which were having higher score then cut off those residues were mapped on the
structure with the help of PYMOL.

Figure 10: CIRDIla structure is shown in cartoon representation with functionally important residues
in colour red.
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5.6 Modelled Protein

CD36 was modelled using Modeller 9.v7 Package. The ramachandran calculated from
PROCHECK for the model was 85% while the Z-score was -5.6. Which was further
improved after the energy minimization ramachandran improved from 85% to 95% and Z-
score become -6.3 from -5.6.

Figure 11: CD36 structure is shown in cartoon representation with functionally important region in
colour red.
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5.7 Protein — Protein Docking

Docked CD36 and CIDR1a complex, obtain using HADDOCK. Out of five cluster generated
by HADDOCK cluster with minimum energy is shown in figure 12. Protein in red is CIDR1a
domain while protein in green is CD36 receptor.

Figure 12: CIRD1a — CD36 in colour red, green respectively docked.
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5.8 Comparative result of structurally and functionally critical residues
Figure 13 illustrates the web logo and graph showing the RE and CRE score of various
structurally and functionally important residues. Blue line shows the RE values and Green
represent CRE scores. Maximum RE score was observed at alignment positions 64 and 74
where Tryptophan ‘W’ was conserved representing structurally important residue.

However, maximum CRE score was observed at alignment position 227 where Glutamic acid
‘E” was conserved representing functionally important residue. The cut-off value for each
score was decided according to the null model. The residues size in the logo indicate the
conservation pattern of the residues larger the size of residue more conserved is that residue
in the alignment.

41| Page




e W " --o.—nv -

l ' l»_.,,/\__.,,/\/\AW\

[EL&\._ ;.4\'

1: gekalle LS8 Al s

——TaY 'lu\m'o

o PT— .

an
a
IR
- 1#'!!’1 l
.._ . e

A

-~

p— — _._., . " "mmv —

B I A S \*:__A—“A— A——-\-——- - |

Figure 13: Web logo of MSA of 105 sequences of CIDRI1a, graph showing RE (blue) and CRE

(green) score.
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CHAPTER 6

CONCLUSION

We replaced traditional conservation scores with the Kulback — Leibler distance to predict the
conservation patterns. It was found that this approach facilitate the selection of residues that
were critical for the fold and function of the protein. These Kulback — Leibler divergence is
an improvised information theoretic measure that can identify residues that are conserved,
differentially conserved, and residue pairs that are co-evolved, indicating pairwise
interactions. There is no efficient method so far that can identify/ differentiate the substrate
specific residues which largely constitutes the residues in the active site of a protein and those
residues that are responsible for the native fold of the protein. These approaches when
compared to the traditional techniques of conservation scores can possibly identify novel
binding sites of the protein without the structural information which is necessary in most of
the present cases. The use of large sequence datasets allows for the efficient separation of
functionally critical residues from phylogenetic conservation, which is a common error from
conservation patterns derived from smaller collections of sequences from closely related
organisms.

We found out about 8 residues having high CRE scores and are lying in the 106 — 166 amino
acid residue regions which proposed as important for CIDR 1a interaction to CD36.

43 |Page




CHAPTER 7

FUTURE PERSPECTIVE

1. The critical residues predicted in case of CIDR1a can be validated through site / double
site Mutational studies.

2. The knowledge of these functional residues can be useful in vaccine and drug designing.
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APPENDIX

System Requirements:

All the software was run in Windows OS with normal run time and was served as window
file. All the software’s are open- sourced and available online. At back end python was used.

Table 1. The Fold Specific residues for CIDR 1o,

Amino Acids of the

Alignment Column protein sequence Sequence position in
Position RE Score mapped the alignment
74 4.365618 W 57
8 4.21736 W 8
31 4.064422 C 26
47 4.064422 C 35
60 4.064422 C 45
25 4.064422 C 16
2 2
23 3.895122 C 15
0 3
58 3.319628 C 43
54 2.976108 C 39
69 2.809653 K 53
73 2.66462 E 56
81 2.517301 F 64
15 2.351927 D 15
12 2.302494 M 12
77 2.210297 I 60
21 2.192974 W 19
16 2.028999 S 16
11 2.009328 L 84
5
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Table 2. The Function Specific Residues for CIDR1a

Amino Acids of the
Alignment Column protein sequence Sequence position
Position CRE Score mapped in the alignment
221 22.98158 E 146
21 20.34247 19
16 12.82155 S 16
61 10.38857 F 46
12 8.414336 M 12
1 8.177313 Y 1
17 7.931737 I 17
111 6.962038 L 80
80 6.688169 H 63
209 6.305531 I 137
225 5.672403 A 150
32 4.926165 I 27
2 4.881423 N 2
224 4.851286 E 149
5 4.544606 F 5
121 4.423214 L 89
169 4.362882 Q 112
163 4.176237 I 106
107 4.154658 H 76
213 4.059553 K 141
6 3.874063 W 6
110 3.872491 F 79
212 3.804157 D 140
20 3.706909 K 18
11 3.670981 D 11
112 3.670781 Q 81
167 3.652108 L 110
220 3.457908 H 145
166 3.424578 L 109
86 3.41335 D 69
14 3.233952 I 14
143 3.116274 Y 97
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Figure 14: The results for the comparison of background scores with RE and CRE
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Figure 15: DOPE score profiles for the model and template
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