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ABSTRACT

Some of the Staphylococapecies were shown to have Coagulase propertiedieEave reported a strain from
Staphylococcus family named Staphylococcus sp. ZI@#3 which possesses Coagulase properties. Since
structure prediction by the bioinformatics toolspgading upon its amino acid sequence is very inapotb have a
preliminary knowledge about the characteristicstiofé protein before the experimental evidences hyctstral
studies, we tried to predict the structural confation as well as some biochemical characteristicte coagulase
extracellular protein present in Staphylococcus Gpbs2Tis23 strain. A range of bioinformatics pragmes like
Expasy, TranSeq ToxinPred, PROCHECK, ERRAT, Disgd@teidio 4.0 were used for the structure predictas
well as the biochemical characterisation of thetpio. A Ramachandran plot validated structure isgicted out
for the Coagulase protein which is found to be ogitt and have the molecular weight of 50049.7 DadRtion of
the structural conformation of the protein also wisothe protein have the isoelectric pH of 9.68 &iad three
binding sites
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INTRODUCTION

Staphylocoagulase is an extracellular protein prediby severabtaphylococcustrains, a potent human pathogenic
bacterium responsible for a wide range of acutemdgjenic infections, including abscesses, cengalous system
infections, endocarditis, osteomyelitis, pneumoniaipary tract infections and several syndromesseduby
exotoxins and endotoxins, besides food poisoningplded skin and toxic shock syndromes [1]. A few
Staphylococcal strains are also found as a maisecad hospital-acquired (nosocomial) infectionssafgical
wounds and infections related to indwelling medidalices [2]. The study about theS&aphylococcustrains is
also important due to the spread of antibioticstasice [3] Moreover, coagulase can act as a systemic heritostat
agent [4]. The ability of certain bacterial spediesoagulate the plasmas of certain animals wasdescribed by
Loeb in 1903 [5]. Coagulase is an extracellulatgirothat reacts with prothrombin in the blood dinel interaction
enables the conversion of fibrinogen to fibrin thasults in clotting of blood [6]. Evidence of twiorms of
StaphylococcaCoagulase was reported so far. One is bound tadtevall which is responsible for the slide test
coagulation and the other is liberated as free wlaag into the culture medium and is responsilbigte tube test
[7]. Study about coagulase enzyme has become iamtootwing to have more understanding in pathoggnat
staphylococcusThis will also give better understanding abowt tontribution of the enzyme in development of
staphylococcainfection.
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Nowadays, in the field of biological research, theoretical models are the best representativexpérenental
protein structures to reduce cost and time fortange3D structure of a protein. The protein hongylanodelling or
comparative modelling refers to constructing a @éhalénensional model of a target protein sequensedan its
similarity to one or more known experimental thokmensional structure of related homologous prstei high-
quality structural model can be generated througindiogy modelling when the targets and templatescéosely
related which has inspired the formation of strumitugenomics consortium dedicated to the productdn
representative experimental structures for allsgasof protein folds. In this present study, wedtrio predict the
staphylocoagulase structure as well as some bidcheoharacteristics through silico studies.

EXPERIMENTAL SECTION

Few bioinformatics tools and database were usedetrch out some insight and structure predictiorthef
coagulase protein extracted from t&&phylococcaktrain. The preliminary characterization includithg amino
acid composition, molecular weight, theoretical athmic composition, instability index, aliphatitdex and grand
average of hydropathicity (GRAVY) of the proteimdae calculated through theoretical computatiomfevailable
amino-acid sequences. In the present study, tlmeapyi characterization of Staphylocoagulase was dsigg the
expasy proteomics tools program at http://au.expadypols.

The sequence of coagulase $taphylococcusstrain was obtained from NCBI having the accessiomber
“EU246837.1_4" ofStaphylococcus Sp. Cobs2TisP&S ribosomal RNA gene, partial sequence; in FASdrfat
and used the “Transeq” togittp://www.ebi.ac.uk/Tools/st/emboss_transémy/conversion to amino acid sequence.
We have chosen all the six open reading framessetetted standard codon table during launchingeftool,
keeping other parameters by default.

The query sequence of coagulase friétaphylococcusvas searched to find out the related protein sirecto be
used as a template (s) by the BLAST progfamww.ncbi.nlm.nih.gov/BLASTagainst Protein Data Bank database
with default parameters. As in our template seawsh found the templates having less than 35% itjerdd we
preferred the multiple template based model geioeraipproach of MODELER 9 version8 software. MODHR.
implements comparative protein structure modellngsatisfaction of spatial restraints and can parfanany
additional tasks, including de novo modelling obps in protein structures [8]. The best templatesd during
PDB-BLAST were used as multiple templates.

Different software tools and Meta servers are abé for validation and evaluation of a generatesbeh A
structural evaluation of the generated structurdnefStaphylcoagulase was performed by using twgrpms called
PROCHECK and ERRAT. The predicted model was subnhitb the structure evaluation at Meta server “SAVE
[http://nihserver.mbi.ucla.edu/SAVES/].

There are numerous silico tools available, which can predict the immunogigniend toxicity of the peptides.
Here we have used thiexinPredtool, a uniquen silico method useful in predicting toxicity of peptide®iins

developed by CSIR-IMT, Chandigarh. In additionwiil also be useful in designing least toxic pdps and
discovering toxic regions within the proteins [#ere, we have used the three modules of desigrgptjdes, batch
submission and protein scanning for toxicity anialys

The binding sites of the Staphylocoagulase werdigted though Discovery Studio 4.0 Molecule Viewdrich
predicts the possible binding sites in receptotgino

RESULTS AND DISCUSSION

The nucleotide sequence from NCBI database havitgsaion number “EU246837.1_ 4" 8taphylococcusp.
Cobs2Tis2316S ribosomal RNA gene, partial sequence; is avegeo its corresponding amino acid sequence by
using the “Transeq” todhhttp://www.ebi.ac.uk/ Tools/st /emboss_transeaqfler EMBOSS. The number of amino
acids was found to be 460.

From the preliminary prediction, the coagulase giroshowed the Instability Index around 50.42. T8uelectric
point (pl) and theoretical molecular weight of Stgipcoagulase was determined to be 9.68 and 50028,7
respectively. The result of Protparam programme alows the protein has the aliphatic index of #nd grand
average of hydropathicity (GRAVY) of -0.031.
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While doing PDB- BLAST of the sequence, three tiigs as 1BXC (Chain A, Xylose isomerase frohermus
caldophilug, 1IN5Y (Chain L, Hiv-1 Reverse Transcriptase Clioked to Post- Translocation Aztmp-Terminated
Dna (Complex P) Mus musculdy and 1SZJ of (Chain G, Structure of Holo-Glycdedlyde-3-Phosphate-
Dehydrogenase fromalinurus versicoloy were selected having identity (32%,26% and 3086) & value (0.067,
3.3, 9.2) are chosen for the model building.

During model assessment the stereo chemical anahajeoal parameter of the generated models (Figlineere
evaluated using different online and offline biairrhatics tools and meta servers. The QMEAN, dDFIRE
ERRAT values for the generated structure are rexbras 0.097, 734.35 KJ/mol and 26.386, respectivaly
Ramachandran analysis (Figure 2), a good distdhutf 460 amino acid residues of the generated mofle
Staphylocoagulase was found where about 95.1%uesidiere obtained in most favored and additioradltywed
region, and only 2.3 % residues are in generoukiyvad region. During Disorder prediction study fhtein did
not showed any disordered region for the given sege.
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Figure 2: Ramachandran plot of the generated modedf the coagulase protein

From the presenh silico toxicity prediction studies, the concerned profgiith not shows any mutation or disorder
region (Figure 3) and found to be non-toxic (Figdye
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Sequence analysis results for job: coagulase
ID: €e6d97728-f07e-11e3-8c1e-00163e110593
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Secondary Structure Map
Feature predictions are colour coded onto the sequence according to the sequence feature key shown below.
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Figure 3: Results of Disorder Prediction for proten disordered region detection
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Figure 4: Results of Toxin Prediction for Toxicity of the coagulase protein

The best three binding sites we found in our studge shown have following amino acids in the retpec
positions(Figure 5). Summary of the volume as well as thed@Bction measures were shown in Table 1.

Figure 5: Active sites of generated protein model ith residues view through Discovery Studio 4.0
Cavity 1:Lue 123, Asn 124,Pro 125,Ser 92,Ser 96 y¥al 78,His 77.
Cavity 2:Leu 311,Val 380,Ala 312,Val 313,Ser 378 R2U1,Thr242,Gly 243,Lev 248,Pro 245,Val 244,PHEGH.
Cavity 3: Lys 159, Val 160, Thr 343, Arg 345, Led23Cys 346, Thr 216
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Table 1: Summary of the Coagulase proteins predicte3 active binding sites

Position

Protein Binding Sites —- piane | Y- plane | Z- plane Volume (A)
Cavity 1 24.153 -13.459 -12.97| 42.375
Cavity 2 18.153 -13.209 -43.97 103.625
Cavity 3 32.153 -11.209 -30.22 6.875

In this modern era of computational biology, stauetprediction is very important to predict the relederistics as
well as its mechanism of action of a protein. Homgyl modeling is one of the most reliable approaalmssd

nowadays to predict the structure from an amind aeguence using known 3D structure of a proteinkssimilar

amino acid sequences. Structure of a protein nbt @veals its characteristics but also helps tdewstand the
mechanism of action of the respective proteins.

Staphylococcuss a commonly encountered organism of human bedysing serious infections. Most of the
species ofStaphylococcusstrains were toxic to human beings. But as per phediction studies the soil
Staphylococcustrain Cobs2Tis23 from where we isolated the stiygloagulase protein is found to be non toxic.
The total numbers of amino acids were found to ®& 4 he structure we predicted from these 460 aragids is
found to possess three most active binding sités. Structure was validated with plotting the valoé® andy
angles in the Ramachandran plot. 95.1% residuefoanel to be in most favored and additionally akmiwregion of
the plot. The structure was further validated vdifierent bioinformatics programs such as QMEAN,HIRE &
ERRAT which have respective values of 0.097, 73&35nol and 26.386. These values also validatepoedicted
structure of the coagulase protein.

The active site prediction is very important to Wnthe mechanism of action of a particular protéirom our
prediction studies, we found three most active inigaites of the staphylocoagulase protein.
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