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ABSTRACT

Apical membrane antigenl (AMA-1) is a Plasmodium asexual blood-stage antigen. It is very essential for
malarial parasite Plasmodium falciparum for Erythrocyte Invasion. It has been suggested that positive
selection operates on the AMA-1 gene in regions coding for antigenic sites. It is thus a significant molecule
to analyze for obtaining novel methods to block such an epitope in combating malaria. The results were

analyzed through MolProbity, anolea, Kinemage. errat and co-relating them with the ramachandran plots.
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1.0 Introduction:

Proteins are the building blocks of an organism as
they are involved in regulating the wvarious
activities. Protein is created by a process which
starts from polypeptide and later this polypeptide
takes the functional three-dimensional
conformation. Each protein structure develops
from unstructured polypeptide which is translated
from a sequence of mRNA as a linear chain of
amino acids. Each amino acid incorporates certain
'gross' chemical features. These amino acids then
interact with each other and their cell
surroundings to produce a well defined, 3-D
shape called as native state, which is responsible
for a protein’s biological function.

Structural representations are the most
useful parameters for understanding protein
function. So, the Structure Prediction aims at
deriving detailed structural information of high
resolution for understanding biological function
qualitatively.  Understanding  structure  has
potential applications in the wvarious genome

projects being undertaken, such as mapping the

functions of proteins in metabolic pathways for

whole genomes and deducing significant
evolutionary relationships.
The Structure Prediction problem

originates from the fact that electron densities
around the amide nitrogen and oxygen atoms of
amino acid residues are quite similar so that the
locations of these atoms can be determined to

high precision but not their identity. Hence, the

problem seems to be specific for X-ray analysis of
protein crystals.

We are involved in predicting the protein
structure because the output of experimentally
determined protein  structures by X-ray
crystallography or NMR spectroscopy is lagging
far behind the number of DNA Sequences. There
are many problems associated with both these
methods. First of all starting from, X-Ray
crystallography: there are many associated
problems like an extremely pure protein sample is
needed. The protein sample must form crystals,
which is generally the biggest problem as many
proteins aren’t amenable to crystallization at all.
NMR again is also limited to small, soluble
proteins only and RMSD is also slightly higher,
which makes it a later choice for predicting
protein structures. Therefore, the experimental
data obtained from X-ray and NMR experiments
are generally refined by wvarious refinement
protocols before the final coordinates are
deposited and we have to conclude that the
refinement protocols used are also unable to
correct the unfavorable configuration or perhaps
that they even introduce such errors.

Apical membrane antigenl (AMA-1)
is a Plasmodium asexual blood-stage antigen. It is
very essential for malarial parasite Plasmodium
Sfalciparum for Erythrocyte Invasion. It has been
suggested that positive selection operates on the

AMA-1 gene in regions coding for antigenic sites.

It is thus a significant molecule to analyze for
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obtaining novel methods to block such an epitope
in combating malaria **,

This study focuses on building molecular
model of AMA-1 protein of Plasmodium
falciparum using molecular modeling
techniques using Modeller 8 standalone tool.
We used it for comparative modeling and by
comparative analysis we got the structure with the

least possible free energy °.

2.0 MATERIALS AND METHOD

Homology modeling is carried out, if the native
sequence similarity with the similar crystal/NMR
structure of already known protein is greater than
35%.This process is conceptually very simple.
First perform a multiple alignment through PDB-
BLAST tool (PSI-BLAST) available on ncbi web
server with the already modeled sequences for
which the structure has been determined by
experimental methods. The query sequence for

AMA-1 gene is

Query Sequence

1 gkepvfgkgi iiensnttfl tpvatenqdl kdggfafppt
eplmspmtld gmrhfykdnk

61 yvknldeltl csrhagnmip dndknsnyky
pavyddkdkk chilyiaage nngprycnkd

121 gsirnsmfcf rpakdisfqn vtylsknvvd
nwekveprkn lenakfglwv dgnecediphv

181 nefpaidlfe enklvfelsa sdqpkqyegh ltdyekikeg
tknknasmik saflptgatk

241 adryksrgkg ynwenynret gkceifnvkp telinnssyi
attalshpne vehnfpcsly

301 kdeikkeier eskriklndn ddegnkkiia prifisddid
slkepedpei vsnstenffy
361  ckevekraev  tsnnevvvke  eykdeyadip
ehkptydnmk iiiassaava vlatilmvyl

421 vkrkgnaeky dkmdqgpq//

(DBSOURCE embl accession AJ408344.1)

PDB BLAST Results:
We got the following results for PDB Blast. We
chose PSI-BLAST (Position-Specific Iterated

BLAST) to use iteration method for best results.

Distribution of 8 Blast Hits on the Ouery Sequence

Mouse-aver to show defline and scores, click to show alignments

Color key for alignment scores
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Distance tree of resultsl

Related Structures

Sequences producing significant alignmentcs:

Score E
(Bics) WValue

pdbf2J5L| &k Chain A, Structure Of A Plasmodiwn Falciparum Apic... 783 0.0 E
pdb|1240|4 Chain A, Amal From Plasmocdium Falciparwm >pdb|1240... _573 4e-164 B
pabl1WE1|4 Chain A, Crystal Structure Of Apical Membrane Anti... 487 Ze-138

pdbf2J4W| D Chain D, Structure Of A Plasmodium Vivax Apical He... 4383 4e-137

pdb|1¥X¥E|&4 Chain A, Structure And Inter-Domain Interactions O... 255 1l=-68 E
pdbf1HNG6|{& Chain A, Jolution Structure Of Plasmodium Falcipar... 194 3Je-50 E
pdb|2DME|& Chain A, Solution Structure Of The Ph Domain Of Ki... 29.6 1.5 E
pdb| 1X¥G|A Chain A, E-Ray Structure Of Gene Product From Arab... 28.1 4.3 E

We selected 1740 sequence for the further work.
Then using the FASTA sequence as the template
for the query sequence, the alignment file (.ali
file) was designed for using Modeler 8v2.

The model-default.py python file was run in the
modeler making the necessary changes in it for
the desired run for iteration. Now after processing
this file using modeler 8v2, we iterated 30 times.
It was done to predict the best out of these
designed structures based on free energy
parameter of a stable conformation. The structure
with the least energy was then used for
Ramachandran plot and was further asessessed
through MolProbity, anolea, Kinemage, errat

results.

3.0 RESULTS & DISCUSSION:

Out of the 8 results displaved in PDB BLAST
results, the one chosen is 1240 protein. A simple
reason is that it was having the minimum E-value
1.e. 4e-164 as compared to other models. Though
better than it one more model observed as
template was 2J5L protein. But when this protein
PDB file was seen and analyzed against its

FASTA sequence and the Query Sequence, it was

observed that even though it showed very high
alignment aspect in the FASTA sequences. it
showed a very minimum similarity in protein
primary sequence aligned in PDB sequence for
homology modeling. Thus, it made a requirement
to search a PDB file with more number of query
residues getting aligned in the PDB amino acid
residue chain. Thus 1740 was chosen for the
chain A modeling of AMA-L

Pairwise Alignment of Query with the Sorted
1Z40 FASTA format

Pairwise alignment was performed now to see
where exactly in the sorted PDB FASTA
sequence, our most part of query sequence
matches to model that part. It was observed that
287 residues were matching with very few gap
introductions. Though it was revealed later that
the identity shown for this 287 residues A chain,
who was showing 96% similarity here with quite
high score, is comparable to actual template PDB
sequence with reasonable number of gaps. It
showed that PDB sequence of A chain considered
in template was having lot many atoms or amino

acid residues missing, which may not have come
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during X-Ray or NMR Crystal Analysis. So, to

model them, gaps were incorporated.

Template FASTA Sequence

1 gnyvmgnpwte ymakydieev hgsgirvdlg

edaevagtqy rlpsgkepvf gkgiiiensn
61 ttfltpvatg nqyvlkdggfa fppteplmsp mtldemrhfy

181 sfqnvtylsk ~ nvvdnwekve  prkalgnakf
glwvdgnced iphvnefpai dlfecnklvf

241 elsasdgpkq veghltdyek ikegfknkna smiksaflpt
gafkadryks hgkgynwgny

301 ntetgkceif nvkptelinn ssyiattals hpieve//

DBSOURCE pdb: molecule 1740
gi: 75765674

kdnkyvknld eltlesrhag

121  nmipdndkns  nykypavydd  kdkkchilyi Template Structural Parameters

aagenngpry cnkdeskrns mfcfrpakdi

Parameters Resolution[A] R-Value R-Free Space Group
1.90 0.195 (obs.) 0.236 P 3

Pairwise Alignment Result with the sorted Template

Score = 573 bits (1476), Expect = 4e-164, Method: Composition-based stats.
Identities = 283/292 (96%), Positives = 286/292 (97%), Gaps = 07292 (0%)

GRCPVFGKGIIIENSNTTFLTPVATENQDLEKDGGFAFPPTEPLHNSPMTLDOMRHF YKDNKE 60
GRCPVFGEGIIIENSNTTFLTPVAT NQ LKDGGFAFPPTEPLMSPHTLD+MEHF YEDNK
GECPVFGEGIIIENSHNTTFLTPVATGNOQYLEDGGF AFPPTEPLMSPMTLDEMRHF YKDNE 104

Query 1
Shict 45
YVENLDELTLCSRHAGNHMIPDNDENSNYEYPAVYDDEDEECHILYIALQENNGPRYCHNED 120

FVENLDELTLCSRHAGNMIPDNDENSNYKYPAVYDDEDKECHILYTAAQENNGPRYCHED
Shijct 105 YVENLDELTLCSRHAGNMIPDNDENSNYEYPAVYDDEDEKKCHILYIAAQENNGPRYCNKD 164

Query 61

Query 121 OSIRNSMFCFRPAKD ISFONYTYLSENVVDNWEKVCPRENLENAKFGLWWDGNCEDIPHY 180
+3 RNSHMFCFRPAKDISFOQNYTYLSKNVVDNWEKVCFRKNL+NAKFGLWVDGNCEDIPHV
Sbjct 165 ESKRNSHFCFRPAKDISFONYTYLSENVVDNWEEKVCPRENLONAEKFGLWVDGNCEDIPHV 224

Query 181 NEFPAIDLFECNKLVFELSASDOPKOQYEQHLTDYERKIKEGFENFNASMIKSAFLPTGAFK 240
NEFPAIDLFECNELVFELSASDOPEQVEQHLTDYEEIKEGFENENASHIESAFLPTGAFK
Skhict 225 NEFPAIDLFECNELVFELSASDOPKOYEQHLTDYEKIKEGFENFKNASMIKSAFLPTGAFK 2854

Query 241 ADRYESRGEGYNWGNYNRETQECEIFNVEPTCLINNSSYIATTALSHPNEVE 292
ADRYKS GEGYNWGNYN ETQECEIFNVEPTCLIMNNSSYIATTALSHP EVE
Shijct 285 ADRYKSHGKGYNWGNYNTETQECEIFNVEPTCLINNSSYIATTALSHPIEVE 336

Query is getting aligned from 1 to 292 residues
with the subject sequence 45 to 336. This was
done for the alignment file generation, which will

be the next step.

Alignment (.ali) File Generation
Query was aligned with the FASTA sequence of
the template selected above and based on it the

gaps were incorporated for all the missing
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residues and finally it is aligned and matched
whether all amino acids considered are present in
the ATOM file of PDB file selected. It was seen
that here in this case, 287 residues chain was
found aligned with some gaps incorporated in
PDB at the sites where amino acids were not
resolved properly in the original template PDB

structure.

The Alignment file made had 2 fields one for the
template on top with identifier as Structure X and
the other one as Sequence (ama here) as the query
sequence to be modeled. Here, it is a mandatory
fact that the length which aligns in both Template
and Query Sequence should be marked by the
residues location by its locus number on start and
ending of the alignment. In this case, it was seen
that 108 to 438 of PDB structure were matching
in the query sequence length of 287 residues total
excluding number of the gaps incorporated to

make a perfect alignment.

Alignment file:

=P1;1z40

structureX:1z40:108: A:438: epitope: Plasmodium
Jalciparum: 1.90: 0.195
NPWTEYMAKYDIEEVHGSGIRVDLGEDAEV
AGTQYRLPSGKCPVFGKGIIIENSN
TTFLTPVAT-----
KDGGFAFPPTEPLMSPMTLDEMRHFYKDNK
YVKNLDELTLCSRHAG
NMIPDNDKNSNYKYPAVYDDKDKKCHILYT
AAQENNGPRYC---------- FCFRPAKDI

SFOQNYTYLSKENVVDNWEKVCPRENLONAK
FGLWVDGNCEDIPHVNEFPAIDLFECNKLVF
ELSASDQPKQYEQHLTDYEKIKEGFKNKNA
SMIKSAFI PT-----DRYKSHGKGYNWGNY
NTETQKCEIFNVKPTCLINNSSYIATTALSHPI
EVE*

>Pl.ama
sequence:ama: 1 : :336: :epitope:Plasmodium
falciparum::

GKCPVFGKGIIIENSN
TTFLTPVATENQDLKDGGFAFPPTEPLMSPM
TLD-MRHFYKDNKYVENLDELTLCSRHAG
NMIPDNDENSNYKYPAVYDDKDKKCHILYT
AAQENNGPRYCNKDQSIRNSMECFRPAKDI
SFONYTYLSKNVVDNWEKVCPREKNL-
NAKFGLWVDGNCEDIPHVNEFPAIDLFECN
KLVF
ELSASDQPKQYEQHLTDYEKIKEGFKNEKNA
SMIKSAFI PTGAFKADRYKS-GKGYNWGNY
N-ETQKCEIFNVKPTCLINNSSYIATTAL SHP-
EVE*

Now, the modeler 8v2 was run through the
model-default.py python file by making the
necessary changes in it for the desired run for
iteration. The results shown were the following in
brief.

Atoms 13478

Energy 1271945728
Total CPU time [seconds] 1 134.86
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SUDARSHAN
FUBLICAN

Restraints RMSD Values
Distance restraints 1 (CA-CA) 0.222
Distance restraints 2 (N-O) 0.254
Bond length potential 0.005
Bond angle potential 1.817
Stereochemical cosine torsion poten 52.675
Stereochemical improper torsion pot 0.988

Thus owverall first model generated was wvery
closer to the original structure possible with very
less value of RMS values with CPU solving time
as 134.86 seconds.

Considering this model generated, 30 iterations
were run and then the Energy Curve was plotted
For all 30 models based on the log file generated
for getting the Energy of each model. And finally

minimum energy model was depicted.

Energy Parameter of the Iterated AMA
PDB Structure

2500 - ===

Y et
1500 @
5 1000 { | = Sorigs2

500 |

L e e e b

14 710131619 2225728
PDB molecules (lterated)

Thus Structure 16 was chosen for the further
analysis because it showed the minimum energy
confirmation than other models. It was seen that
model 16 was having the minimum energy of
1832.0832 7.

The Minimum Energy Structure is as shown

below:
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Model [ g [ Model o
No. No.

1 2173187 | 16 1832038

2 2181.284 | 17 2Ll 2]

3 2220731 | 18 2158718

4 1945198 | 19 1926.053

5 2002.511 | 20 1937768

6 2220.157 | 21 2103.277

7 2023343 | 22 2318.212

8 2078338 | 23 217586

9 1923541 | 24 2174.032

10 1996.077 | 25 19936

11 2036.177 | 26 2203188

12 225698 | 27 2292764

13 1868.111 | 28 1936.555

14 1916.066 | 29 1940.539

15 1878.384 | 30 2023.27
MODEL ASSESSMENT 1. Ramchandran Plot Analysis
Model 16 was submitted to the Swiss Model 87.4% residues are in the most favored regions.
Workspace WebServer and different important Thus overall model is quite very well with stable
results obtained are as follows. confirmation of its most of the residues.
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Ramachandran Plot
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Phi (degrees)
Residues in most favoured regions [A.B.L] 222 87.1%
Residues in additional allowed regions [a.b.l.p] 32 12.5%
Residues in generously allowed regions [~a,~b.~1~p] 1 04%
Residues in disallowed regions 0 0.0%
Number of non-glycine and non-proline residues 255  100.0%
Number of end-residues (excl. Gly and Pro) 1
Number of glycine residues (shown as triangles)| 14
Number of proline residues 17
Total number of residues 287
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SWEABSIAN

2. Main Chain Parameters.

Thus, model showed a significant Resolution in

various parameters

PROCHECK

Po-tage of residues in most favoured regions

Bad contacts per 100 residues

Standard deviation (keal/mol)

with overall wvery low

Standard Deviation from the standard.

Results are as diplayed.

Main-chain parameters

mput_atom_only

108- Ramachandran plot quality assessment
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15. Measure of bad non-bonded mteractions 200 d. Alpha carbon tetrahedral dictornion
7
60+ aéﬂ 17.54
3150
125
Z 100
5 s
Eﬂ 504
g 25
[
15 20 25 30 35 4 10 15 20 235 30 35 40
Resolunon (Angstoms) Resoluton (Angstroms)
20 &. Hydrogen bond energies - f Overall G-factor
0.54
00 s
Z 05+
z
& 1.0
154
2.0
10 15 20 25 30 35 40 10 15 20 25 30 35 40
Resolution (Angstroms) Resolution (Angstroms)
Plot statistics
Comparson values  No. of
) No. of Parameter Typical Band  band widths
Stereochemical parameter dataprs  value vilne  width  from mean
2 %e-tage sesidues in A, B, L 255 271 766 100 1.0 BETTER
b, Omega angle st dev 284 42 6.0 30 06 Inside
c. Bad contacrs. / 100 residnes 2 07 10.5 10.0 210 Inside
d. Zeta angle st dev m 1.1 31 16 -13 BETTER
¢. H-bond eaergy st dev 133 08 09 02 04 Insmde
{ Onerall G-factor 287 EUA | .6 03 16 BETIER
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3.0 ANOLEA Results

ANOLEA is used to figure out the level of energy
for the different protein residues along with
calculating the number of non-local interactions

and non-local energy of the protein.

Summary of the results is as shown:

49

Total amino acids with high energy
Percentage = 17.07
Total number of aminoacids = 287

Total number of atoms = 2311

Program: ERRAT2

Chaing 1
Overal quality factor**. 77.338

Error value®

80 L= 120

Total number of non-local atomic interactions =
40632

Total non-local energy of the protein (E/KT units)
=-2109

Non-local normalized energy Z-score = 0.57

4.0 Errat Results

Tt mentions overall quality factor for each

aminoacid residue with the error value also.

1
240 200 280

160 180 200 22

Residue # (window center)

On the error axis, two lines are drawn to 1ndicate
the confidence with which it is possible to reject

regions that exceed that error value.

Overall Quality factor shown was 77.338

5. MOL PROBITY
Results Obtained in brief are as follows:
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Rotamer outliers
Protein Ramachandran outliers
Geometry Ramachandran favored
Cp deviations =0.25A
Molprobity output scores:
Bad rotamers
Ramachandran outliers

Ramachandran favored

2.72% Goal: <1%
0.00% Goal: =0.2%
96.14% Goal: =98%

1 Goal: 0

(target 0-1%)

(target 0.2%)

: 96.1%  274/285  (target 98.0%)

Cf3 Scaiter Plot Analysis Result

Here. it clearly shows that most of the residues
are in the range from 0 to 0.125 and still some
residues were just only seen from 0.125 to 0.25
scattered range from the central axis. The range

limits 0.125, 0.25,0.375 and 0.5 are shown with

| ¥] dipeptide
v balls
o
AL
+ sidechain
* meth
v etk
" man ch
jhir
¥ pimc
v gsi
¥ psiH
¥ pSknc
v huliseye
v 125
125
¥ 035
v 15
. Cheta dev
» (b scafier

H

_| Pick cenber Shres texdt

Markers Show hierarchy

four different circles to bound the Cp Scatter
values in the range for analysis.

Thus overall, most of the residues were just closer
to 0 Cp Scatter value as in the range before 0.125
circular axis range. Few residues were just seen

outside this range. Thus, it is depicted that Cp
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Scatter was observed minimum for the proposed

model and most of the structural parameters are in

tavor of stability and significance of this model.

Multi-criterion Visualizations: Kinemage Result

Here, all spots show the bad overlap and the
points where the small lines at edges show the
rotamer boundaries. The same rotamer with the

ribbon structure is shown below:

5.0 Conclusion

Using protein modeling standalone tool modeler
8, building a comparative model for AMA-I
protein has been accomplished and visualized. In
the absence of experimentally determined 3D
structure of AMA-1 protein of P. falciparum,
the generated protein model of AMA-1 may be
used to understand the antigenic sites and
regulatory function by wvisualizing its domains
and structural conformation. This structure can be
used for docking analysis for drug design against
the antigenic epitopes to combat this malarial

disease. The conserved nature of AMA-]

sequence and structure entails a preserved
function for this molecule across wvarious
Plasmodium species. Apical membrane Antigen
(AMA-1), which is an asexual blood-stage
antigen of Plasmodium, is an important candidate
for testing as a component of a malarial
vaccine (1,2) . However, before further
incorporation of this model for further work, it
should be checked for its geometrical, stereo
chemical and conformational accuracy before
taking up for rational drug design. to avoid later

complications.
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