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Abstract

The revolution in post genomic era has shifted the scenario from the lab to the
laptop. The enormously increasing genome sequencing data can be analyzed
by translating it into functional genomics through structural genomics. Protein
sequence — structure — Function is a well-known paradigm. The bottlenecks
of traditional methods to determine 3D-structure demanded structure
prediction methods. The structural details at atomic level help to understand
and alter the function of proteins to cure human diseases and to produce
industrially important products, the ultimate goal of genomic era. Structure
prediction methods are reviewed in this paper with special emphasis on
comparative modeling. Modeller a reliable software was used to predict the
structure of putative thioredoxin and structural details are discussed.

Keywords. 3d-model, Modeller, Procheck, Verify 3d, Thioredoxin, Fold, Cis-
proline.

Introduction

Nowadays the analysis of flooding data for genome sequences is a very big challenge
for the experimental scientists. Genomic data by itself is insignificant. The
information encoded in genome sequences should be coded and utilized for the
upliftment of mankind, which is the ultimate goal of genome sequencing projects.
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Now the questions arises: How to crack the genomic data? A genome is a repository
of 100s of genes and controls the different processes of an organism through proteins,
the messengers of life. Functional characterization of the protein is facilitated by 3d-
structure which in turn hidden in primary sequence (1, 2).

Traditional methods used to obtain 3d-structure are X-ray crystallography and
NMR-spectroscopy(3, 4).They are slow, costly and unable to cope up with the
releasing pace of genome sequencing data(5). Hence, there is demand for the
development of fast and efficient computational methods.

Computational methods available to predict the 3d structure are classified as
Abinitio modeling, Fold recognition/Threading and Comparative modeling(3, 6-10).

Abinitio modeling

The Abinitio modeling is the most challenging method for the prediction of the 3d-
structure as the prediction does not rely on any existing experimentally determined
structure(11, 12) instead, it is based on the phenomenon of the protein sequence
containing the information for the formation of 3d-structure(1). In abinitio modeling
3d-structure is found by searching for conformational space which is low in free
energy for the given sequence(11, 13) by simulating the biological processes
depending on the principles of physical and chemical sciences like statistical,
thermodynamics and quantum mechanics(14).

Different servers/Programs are available to predict the model using abinitio
modeling. For ex:I-TASSER (15), ROBETTA (16), BHAGEERATH (9) etc.

Fold Recognition/Threading
In the absence of significant structural homologue, threading methods sheds light to
find the 3d structure of target. As the protein folds are limited in nature (2, 17, 18), a
newly sequenced protein is likely to fall among the existing folds. Structural fold
adopted by target(new) sequence will be identified by fitting the target sequence into
structural database and choosing the best fit score(lowest energy)(19-23)). Following
different methods can be followed to identify the fold of the target sequence. A)
Environment of the residue (24), B) Pair wise interatomic energy of the residue (25)
C) Secondary structure prediction (22)Hybrid method(26.)

Following are the some of the servers/programs available to predict the 3d-
structure using fold recognition methods. FFAS(27), PROSPECT (28), 3D-PSSM
(29), FUGUE (30), GenTHREADER (26), HHPRED (31) etc.

Compar ative modeling

Comparative modeling is based on the concept that similar sequences will adopt
similar structure (2, 32-34 ). Since the first structure prediction (35) many articles
have been published on this topic(36-43). A theoretical model is predicted by
transferring the backbone information of the similar structure/template. If a protein
sequence, targeted with 40 % sequence identity to a homologous structure is
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available, it can be automatically modeled equal to low resolution X-ray
crystallographic structure or medium NMR structures(44-46).

The process of comparative modeling starts with a search for the Template i.e.
homologous structure followed by alignment between target and template, Model
Building and Model Evaluation. (15, 44, 47-52).

Template search

In comparative modeling, the quality of the predicted structure depends on template
structure. Hence identification of the right structure is the most important step.
Template can be identified using pair wise sequence alignment methods like
BLAST(53), FASTA(54, 55); multiple sequence alignment methods (56, 57) such as
PSI-BLAST (57), Hidden Markov Models (58) etc; and sequence structure
comparison methods such as 3D-PSSM (30) FUGUE (31), THREADER (26, 58, )
etc. Multiple sequence alignment methods will increase the sensitivity of the search.
The sequence structure comparison methods are useful for the identification of distant
homologues. Any of the database identifies the structure similar to the target sequence
through the sequence comparison.

When a set of homologous structures are available, the choice of template can be
based on parameters like sequence identity, similarity between secondary structure of
target and template and quality of the template structure (49). More than one template
can also be used for model building, in fact, it increases the quality of the model (49,
51, 59).

Alignment between template and tar get
Alignment between the target and template is the most influential factor for the
accurate model. It produces structural equivalences between the target and template
residues. When sequence identity between template and target is less, alignment may
have gaps and model may have errors (47, 60), but when sequence identity >50%, the
model obtained may be good and equal to low resolution X-ray structure(60).
Alignment programs such as CLUSTALX (61), can be used to get alignment.
Misalignment of single residue results approximately 4A error in model (44).

Model Building

The methods used to build the Comparative model are:

A) Rigid body Building -A model is assembled from the rigid bodies obtained from
the aligned protein structures. Protein structures are dissected into structurally
conserved regions, loops and side chains and target model is assembled from closely
related conserved regions of structures (35, 36).

B) Modeling by segment matching-Here a comparative model is constructed based
on subset of atomic positions/conserved positions of template structures. These
positions are used as guiding positions and all atom segments that fit these conserved
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positions are identified and assembled by scanning known protein structures or by
conformational search restrained by an energy function(62-64).

C) Modeing by satisfaction of spatial restraintssA model is constructed by
satisfaction of spatial restraints, which includes Ca-Ca bond length, main chain and
side chain dihedral angles, vander waals interactions. The model predicted is with
minimized violations of restraints, derived based on Homology and supplemented by
stereo chemical restraints and expressed as probability density functions. Restraints or
constraints on the structure of sequence are generated from related structures using
alignment of corresponding distances between aligned residues of template and target
(63, 65).

Finally all above mentioned methods have their own way of determining 3d-
model from the given alignment.

Errors
Errors in comparative modeling may be 1) Mistakes in packing of side chains 2)
Conformation and shifts of the core segments and loops that will not have an equaling
segment from any template structure.3) Improper structure because of wrong
template(47).

Comparative models can be built using different softwares /programmes like
Modeller (63), SWISSMODEL (66), WHATIF (67), ESYPRED3D (68), CPH(69)etc.

M odel evaluation
To evaluate the predicted model quality, two types of evaluations exist, i.e External
evaluation and Internal evaluation. The former method identifies the suitability of the
template used to build the 3d-model and the latter method identifies the unreliable
regions of the model i.e. stereochemistry, bond length, bond angle, dihedral angles,
atom-atom overlaps etc(70).Different evaluation programs/servers
suchasANOLEA(71), COLORADO3D(72), PROCHECK (73), WHATCHECK(74),
PROSAII(75) etc can be used for model evaluation.

The applications of the Homology model depends on the quality of the model. It
can be used for A)ldentification of ligand binding sites (76, 77), B)Drug designing
(78), C) Site directed mutagenesis(52, 79-81).

Thioredoxin

Thioredoxin is a small ubiquitous, redox active protein with vital roles in
physiological and biochemical processes (82, 83). It plays an important role in DNA
synthesis by providing hydrogen atoms to an essential enzyme ribonucleotide
reductase (84).

It is an electron transporter to the enzymes like methionine sulfoxide reductase
and sulfate reductase etc(82). It protects, damaged DNA and proteins from Oxidative
stress, which causes damage to this molecules, by activating the transcription factors
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like NF-kB (85) and AP-1(86). It also activates antioxidant molecules such as
glutathione peroxidase and thioredoxin peroxidase to remove H,O, , product of
oxidative stress (82) thus playing an important role in limiting the oxidative stress.

Thioredoxin application is not only limited to physiology and biochemical
processes but also has its presence in biotechnology and medicine. Allergenic proteins
are active in oxidized state. Thioredoxin inactivates the allergenic proteins by
reducing their disulfide bonds thus thioredoxin eliminates the allergenicity of foods of
plants and animals like soy, milk and wheat Thioredoxin is used for improving the
quality of baked products by reducing intramolecular disulphide bonds of flour
proteins like glutenins and gliadins and enhancing the formation of intermolecular
disulphide bonds. Neurotoxins and other toxic components in venom of snakes, bees
and scorpions can be inactivated by thioredoxin (87-89).

In this study, thioredoxin structure was determined from Sreptococcus.pyogenes,
a pathogen, causing different diseases to access the insight into the function of the
putative protein.

I dentification of the template

Modeling process was initiated with a search for the template using the sequence of
putative thioredoxin of Spyogenes mined from Swiss-Prot database (90) as query.
Analysis of the results of servers like PDB-BLAST, (a modified version of BLAST
)(53); 3D-PSSM, (29) and FUGUE (30), revealed X-ray crystallographic structure of
thioredoxin of E.coli (PDB identifier 2TRXa) as appropriate template. The atomic co-
ordinates of the crystal structure of the thioredoxin of E.coli (91) at 1.68A resolution
were accessed from Protein Data Bank (92, 93) files.

Model Building

MODELLER builds the 3D-models based on satisfaction of spatial restraints(63, 65).
The input files to the MODELLER are Alignment file in PIR format table.1, prepared
using the ClustalX software (61) and co-ordinates of the template.

Table 1. Alignment file in PIR format used to run the MODELLER.

>P1; 2trxa

structureX:2trxa: 1:1:108:: A: thioredoxin: Escerichia coli: 1.70:16.5
SDKIIHL--TDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQ—
GKLTVAKLNID-
QNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLA*
>P1;QUERY sequence
--MALEVTDATFVEETKE---GLVLIDFWATWCGPCRMQAPILEQLSQEI-
DEDELKILKMDVDE-NPET
ARQFGIMSIPTLMFKKDGEVVKQVAGVHTKDQLKAIIAELS-*
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The command “ mod trx.top” was used to run the MODELLER(63, 65).
Depending on the given option MODELLER generated 20 models which are
B00009991.atm to B000099920.atm files.The models were ranked and a model with
the lowest score of 362.1932 objective function was selected as the best model Loop
building was carried out for the model with SWISS PDB VIEWER(66) for the amino
acid residues present in disallowed regions of Ramachandran plot using PROCHECK
(73). Final structure was refined by subjecting to limited energy minimization by
SYBYL'’s steepest descent and conjugate gradient algorithms. All computations were
carried out on Silicon Graphics workstation using the SYBYL software, operating
under IRIX (SYBYL 6.7, Tripos Inc., 1699, South Hanley Rd., St. Louis, Missouri,
63144, USA).

Structural features of Model

Predicted structure uncovered a single polypeptide chain with a-helical and B-sheet
secondary structural elements. General 3d structure of thioredoxins i.e trx fold(94)
characterized by o B o motif at amino terminal end and B B o motif at carboxy
terminal end was observed in predicted structure. Significant difference with the
template was not observed in the secondary structural elements. Core of the structure
has a single twisted B-sheet with 3 parallel and 2 antiparallel strands flanked by
helices. B-sheet is packed by a2, a4 helices on one side and a1, a3 helices on the other

side. Content of a-helix is 31.73% and B-strand is 27.88%. Proline 73 is identified as
cis proline.

RM SD

The overall root mean square deviation for all C-a atoms 0.52A.confirms the
resemblance of generated structure to that of E.coli thioredoxin(Template)(90) using
SWISS PDBVIEWER software (66).

Ster eochemical quality of thioredoxin structure

The ¢ and  distributions of Ramachandran plot of non-glycine, non-proline residues
of final model are depicted in Fig. No.1 and shown in Tab.No.2. The stereochemical
parameters for the backbone angle of amino acids of the model tested by the
PROCHECK (73)is identified as excellent due to the presence of 91.4% residues in
most favoured and 7.5% in additionally allowed regions..
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Figure 1. Computed Procheck picture of Ramachandran plot for thioredoxin.

Table 2: Ramachandran plot calculations for thioredoxin using Procheck program
after energy minimization

Amino acid residues in most favored regions | 91.4%,
Additional allowed regions 7.5%
Generously allowed regions 1.1%
Disallowed regions 0.00
Non-glycine and non-proline residues 100.0%.

Verify 3d

The profile score generated by plotting the verify-3d (24) 0.61 indicating the model as

a reasonable good model.
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Figure 2: The 3d-profile score generated from coordinates of thioredoxin of

Spyogenes.

Siteid

Q site finder program(95) was used to identify the binding sites on thioredoxin
protein.Results were displayed in table.3.Binding sites are arranged based on their
energetic levels i.e favorable sites are arranged in decreasing order.

Table3

Predicted site|Site Volume Amino acids present

Sitel 207 Cubic angstroms|Asp7, Ala8, Phel0, Val 11, Lys 15, Glu 62,
Thr 63, Gln 66, Phe 67, Lys 78, Gly 81.

Site2 164 Cubic angstroms|Met 1, Ala2, Ser 42, Gln 43, Ile 45, Asp 46,
Glu 47, Leu 50, Lys 51, Ile 52.

Site3 129 Cubic angstroms|Met 1, Asp22, trp24, Ala 25, Lys 31, , Arg 32,
Gln 34, Ala 35, Leu 38, Lys 54.

Site4 106Cubic angstroms (Glu 13, Thr 14, Glulé6, Gly17, Leul8, val 19,
Glu 47, Asp48, Glu 49, Leu 50, Lys 51, Leu 53.

Site5 76 Cubic angstroms |Phe 67, Gly 68, Ile 69, Met 70, Ser 71, Thr 74,
Gln 86, Ala 88.

Site6 63 Cubic angstroms |Met 1, Ala2, Leu 3, Glu 4, Val 5, Trp 24,
Lys 54, Met 55, Asp 56.

Site7 84 Cubic angstroms |Trp 27, Val 57, Ala 64, Ile 69, Met 70,
Ser 71, Ile 72.

Site8 76 Cubic angstroms |Leu 41, Ile 45, Glu 49, Leu 50, Lys 97, Ile 100.
Ala 101, Ser 104.

Site9 70 Cubic angstroms |Lys 15, Glu 16, Gly 17, Leu 18, Lys 79,
Asp 80, Gly 81.

Site10 63 Cubic angstroms |Trp 71, Cys 28, Gly 29, Pro 30, Ser 71, Ile 72,
Pro 73.
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Figure 3: Binding sites of thioredoxin 3D-structure.

Conclusion

The first insight into the properties of this protein has become accessible as the
predicted structure accedes with the reference structure used for modeling. Further
studies are necessary to elucidate and enhance the role of this protein.
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