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ABSTRACT

Aspartic endo peptidase pep2 protein of neosartorya fisherica belongs from aspartic acid proteases that
depend on aspartic acid residues for their catalytic activity. Catalytic mechanism has been proposed for
the hydrolysis of proteins to peptides or free amino acids. It is accomplished the putative proteolytic
activity of the conidial surface. Therefore, if it is not act like an allergen itself but on the conidial surface
may well play an important role in the processing or signaling to allergens and causing different rare
human infections such as (lung’s aspergillosis and mycotic keratitis). To understand its different aspects,
3D structure model of (AEP pep2) was generated according to the structural coordinates of template
(Proteinase A) with the help of MODELLER (9v8) software. To validate the energy and geometry in the
model used PROCHECK and web server ProSA which determines that the predicted model to be stable
and flexible.
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1. INTRODUCTION

Neosartorya fischeris belongs from a filamentous fungi [1] and isamold of the order Eurctiaes,
belonging to the family Trichocomaceae. The food-borne fungus Neosartorya fischeri, which is
phenotypically associated to the human opportunistic pathogen Aspergillus fumigatus and
mainly causes spoilage of food, which can pass through heat-processes techniqueg2]. It
produces mycotoxins of the fumitremorgin group (verrucologen, fumitremorgin A, B, C). When
these mycotoxins are uptaken by an organism, it damages the central nervous system of pigs and
sheep, whereby the mycotoxin verrucologen is the most effective one. Mostly caused rarely
infections of humans and animals such as mycotic keratitis, mycotic endocarditis. Further cases
were aso seen such as an infection in a bone marrow transplant patient and as well as lung
aspergillosisin aman after getting aliver transplant [3]. Some recent work done on Neosartorya
fischeri proteins are peptide (NFAP) cysteine-rich protein  acted as an antifungal and good
inhibitor action against other filamentous fungi [4] as well as fungus Neosartorya fischeri strain
1008F produce two new compounds named fischeacid and fischexanthone can inhibit of the
rapid growth of human gastric cancer cell and hepatic cancer cells [18]. The genome of
Neosartorya fischeri consists of 80% intron and 47% coding gene have been studied [5].
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Focusing towards the protein of interest (Aspartic endopeptidase pep2) belongs from aspartic
proteinases. Aspartic proteinases are broadly dispersed among vertebrates, fungi, plants and
retroviruses [19]. Aspartic proteinases are a group of proteolytic enzymes within which the
peptide bond is attacked by a nucleophilic water molecule stimulate by two aspartic residuesin a
DTG motif by the side of the active site. The catalytic aspartic acid residues consist of the
corners of two extended loops in the C- and N-terminal domains [20].The amino acid sequence
of PEP2 consists of 398 amino acids. A signa sequence of 18 amino acids and a proregion of
another 52 amino acids were anayzed. While the mature protein consists of 328 amino acids
[6]. The endoprotease PEP2 is the protein which is capable of putative proteolytic activity of the
conidial surface. Thus, if it is not an alergen itself but on the conidial surface may well play an
important rolein the processing or signaling to alergens. [7]

The method through which the 3-D model of Aspartic endopeptidase pep has been designed is
referred as Homology modeling. This method calculates the three-dimensional structure of a
given protein sequence based primarily on its sequence similarity to one or more proteins of
defined structures. By determining distant homologues, aligning sequences with template
structures, modeling of loops and side chains, as well as detecting errorsin amodel [21].

2. MATERIAL AND METHODS
2.1. Sequence Analysis

The primary amino acid sequence of target (Neosartorya Fisherica protein aspartic
endopeptidase pep2) is access from the SWISSPROT (http://www.us.expasy.org) [8] or Unit Prot
(http://www.uniprot.org/) by accession ID (A1D6T2).

2.2. Search the Template

The homologous sequence of the target is searched via BLAST. In BLAST the Psi-BLAST
algorithm is then chosen [9] against the Protein Data Bank (PDB) (10). Due to this procedure,
the related sequences to target are extracted and choose that one sequence (template) which has
high identity to target.

2.3. Multiple Sequences Alignment

Multiple sequence alignment was used with the help of program CLUSTAL X [11] with
default parameters. Sequence’s related to the target sequences were extracted from
SWISS-PROT [8].

2.4. Phylogenatic Analysis

After the multiple sequence alignment, the tree was constructed which showed structura
homology among the sequence in the family by the help of a matrix of pairwise similarity score.
Phylogenetic relationship was studied through phylogeny Inference program Phylip (Version
3.6b) [12].

2.5. Secondary Structure Prediction

The Secondary structure prediction of target sequences was approved by submitting the
sequences to the Consensus  Secondary  Structure  Prediction Sever  an
http://phil.ibcp.fr/NPSA/npsa_npsa.html [13] and PDB sum [14].

2.6. Model building and Refinement

Three-dimensional homology models of aspartic endopeptidase pep 2 were constructed using the
crystal coordinates of templates (proteinase A) assuming alignment between target and template
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sequences. All steps of homology modeling and refinement were accomplished by the program
MODELLER (Version 9 (9v8)) [15]. The model building process was completed in two steps.

a. Target-template alignment.

b. Model Building.

2.7. Model evaluation and Model visualization

Assessment of the predicted model concerned analysis of geometry, stereochemistry, and energy
digtributions in the models. Reliability of the homology model was carried out by the programs
PROCHECK [16] (Version: 3.4) and web server ProSA. To examine the reliability of the
alignment and modeling of variable surface loops, structural investigations on the graphics
screen using 3D visuaization programs, Ds-Viewer [17] be performed. Root Mean Square
Deviation (RMSD) values were calculated between the set of targets and template
protein to know how much modeled target deviates from the template protein
structure.

2.8. Protein-Ligand interactions

Program Ligand Explorer (http://www.kukool.com/ligand) [22] was used to study the Protein—
Ligand interactions.

281 LigPLOT

The program LigPLOT is used for andysis and automatically generates schematic 2-D
representations of protein-ligand complexes from standard Protein Data Bank file input. The
output isacolor, or black-and-white [23].

2.9. ERRAT

ERRAT is a protein structure verification algorithm that is especialy used for evauating the
progress of crystallographic model building and refinement. It can be retrieved online through
http://nihserver.mbi.ucla.edW/ERRATV2/.[24]

3. RESULTSAND DISCUSSIONS

3.1. Sequence Analysis

A sequence homology search for the query aspartic endopetidase pep2 was carried out by using
BLAST agorithm against Protein Data Bank (PDB) [10]. Crystal structures co-ordinates of
Proteinase A complex with a A3 mutant (1GOV.pdb) was chosen as a template as the basis of
highest sequence similarity score and lowest E-value for building the predicted 3D structure of
saccaropepsin (aspartic endopeptidase pep2).1GOV (proteinase A complex with A 1A3 mutant)
of saccaromyces select as a template has 329 residues, and aspartic endopeptidase pep 2(target)
have 398. Sequence similarity searches of AEP pep2 (SwissProt AC: A1D6T2) showed 71%
identity with (proteinase A complex with A 1A3 mutant) of saccaromyces cereviae (Swiss Prot
AC: PO7267). 230 amino acids (71%) out of 326 residues are identical and 282 out of 326(87%)
are positives, which are physiochemical similar. While less E-value 2e*"" as compared to other
sequences and used its coordinates for constructing the target 3D structure BLAST result is
represented in Figure 1.
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>»Updblicovia E: Chain &, The Structure Of Proteinase A Complexed With & Ia3 Mutant,
M
Length=329

Score = 496 bits (1278), Expect = 2e-177, Method: Compositional matrix adjust.
Identities = 230/326 (71%), Positiwves = 282/326 (873%), Gaps = 1/326 (0%)

Query 73 HDVLVDNFLNAQYFSEISLGTPPQHFEVVLDTGSSNLWVEPGSDCSSIACFLHNEYDSSAS 132
HDV + N+LNRAQY+++I+LGIPPQ FEV+LDIGSSNLWVE ++C S+ACFLH+EYD A4S
Sbjct 3 HDVPLTHNYLNAQYYTDITLGTFPQNFEVILDTGSSNLWVESNECGSLACFLHSKYDHERS &2

Query 133 STYRKANGIEFAIKYGSGELSGFVSQDTLOIGDLEVVEQDFAEATNEPGLAFAFGRFDGIL 192
S+YHANGTEFAI+YG+E L G++5QDTL IGDL + KQDFAEAT+EPGL FAFG+FDGIL
Sbijct &3 SEYKANGIEFRIQYGTIGSLEGYISQDILSIGDLTIPEQDFAEATSEPGLTFAFGKFDGIL 122

Query 183 GLGYDTISVNEIVPPFYNMLEQGLLDEFVFAFYLGDTHEEGDN-SEASFGGVDENHYIGE 251
GLGYDTISV+E+VPPFYN ++(Q LLDE FAFYLGDT+E+ +N ER+FGG+D++ + G+
Sbjct 123 GLGYDTISVDEVVPPFYNAIQQODLLDEKRFAFYLGDISEDTENGGEATFGGIDESKFEGD 182

Query 252 LIKIPLRREAYWEVDFDAIALGDNVAELENTGVILDIGISLIALPSTLADLLNEEIGAKE 311
+T +P+RRELAYWEV F+ I LGD AELE+ G +DIGISLI LPS LA+++N EIGREE
Sbjct 183 ITWLPVRERRAYWEVEFEGIGLGDEYAELESHGRAATDTGTSLITLPSGLAEMINARIGARE 242

Query 312 GFIGQYSIECDERDSLPDLTFILAGHNFTIGPYDYILEVQGSCISSFMGEHMDEFPEPVGPLE 371
G TGQY¥+++C+ RD+LPDL F G+NFTIGPYDYTLEV GS5CIS+ MDFPEPVGPLE
Sbiject 243 GESTGQYILDCNIRDNLPDLIFNFNGYNFIIGPYDYILEVSGSCISAITPMDFPEPVGPLR 302

Query 372 ILGDAFLEEWYSVYDLGNNAVGLRER 387
I+GDAFLERE+YS+YDLGHNNAVGLA+L
Sbjct 303 IVGDAFLEEYYSIYDLGNMNAVGLARFA 328

Figure 1.Blast result of the selected template (1GOV) with Target (3DC4).

These two sequences are then aigned with the help of MODELLER, which works upon the
principle of dynamic programming by MODELLER command align2d. After the execution of
this command, insertions generate in the form of gaps a the start of the template (1GOV)
sequence represented in the Figure 2. The (AEP pep2) structure has been modeled on the basis of
(1GOV) template.

Identities = 230/326 (71%), Positives = 2827326 (B7%), Gaps = 1/3%6
(0%
TGOV e oo e e e e
anca MRS TSLLTASVLLGS AS AAVAKLELNEVFLDEQL Y THNID AHVRAL GOEYNG I RFNVHQEL L E ENSLN
1G0V ——-GGHDVPLTNYLMAOYYTD ITLGTPPONFEV ILD TGISNLUVPSNECGELACFLASEYTDHEASSSTE
3pca DMSRHDVLYVDNFLNAQYFSE LSLGTPPQKF KWVLD TGSSNLUVEGSDCSS TACFLHNEYDSSASSTYE
*hE * FTEkEEE * KEEEETEX FAkE FETETIAEAITAETE * * ExTEITX *TEE Tk ETE
150V ANGTEFAIQYGTGSLEGY LSODTLSIGDLTIPEQDFAEATSEPGLTFAFGEFDGILGLGYDTISVDEY
anca ANGTEFATEYGSGELSGFVSODTLOIGDLEVVEQDF AEATNEPGL AF AFGRFIGILGLGYD TISUNET
TTXXXREE TX® ¥ F ¢ EXXET TTEX FETTTTXE TTTT TEEE TTTIXXTELTTTENETE X
160V VPPFYNATQODLLDEKRF AF YLGD TS KD TENGGE ATF GG IDESKF KGD I TULPVRERKAYVEVRFEGIG
Inc4 VPFFYNNLEQOGLLDEPVFAF YLGD THEEGDNS-EASFGGVDENAY TGELTEKIPLRRKATWEVDFDATA
TFEANNNN w HENW EENTNAAWNRE w L LA g EENT W w w w HEANAREEW w w
160V LGDEYAELESHGAAIDTGTSLITLPSGLAEMINAE IGAKKGSTGOY TLDCHNTEDNLFDL IFNFNGYNEF
IDCH LGDNVAELENTGVILD TG TSLIALPSTLADLLNEE IGAEEGF TGOQYSIECDERDSLPDLTF TL AGHNF
RN AR RE w FREERNN HRE "W * EERNNNN TEEN * % LR * * HhH
160V TIGPYDYTLEVSGSC ISAITPMDFPEPVGPLATVGDAFLREYYS I YDLGNNAVGL AKAT
abca TIGPYDYTLEVQGSC ISSFMGMDFPEPVGPLATLGD AFLERWYEVYDLGNN AVGL AR AR
EXXXAEETEEEY HEXEE FEETREETEXXAXTE EETXXXAE *% TXAXEXEREETTT N *

Figure 2. Target (AEP pep2)-Template (PA) alignment by using ALIGN2D command of Modeller (9v8). *
and blue represents the conserved residues between the two sequences.
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3.2. Multiple Sequence Alignment and Phylogenatic Analysis

For multiple sequence alignment, aresult showed that the entire closely related homol ogous have
less segquence identity but more physiochemical similar (positives). Most of the region is
conserved in al of these homologues. To examine the phylogenatic analysis of aspartic
endopeptidase pep?2 to its peptidases A1 family, The phlogenatic tree and gram clearly indicates
that AEP pep2 from Neosartorya fischeri (AID6T2 NEOFI) and CARP protein from Aspergillus
fumigatus(CARP ASPFU) have sister taxas and arise from the same node mean closely
evolutionary relation or originate from the same ancestor. While the template proteinase A from
saccaromyces (CARP YEAST) have not more divergence to the target(AEP pep2) but have a
same ancestor shown in the Figure 3.

[ CARP ASPFU
| - —
AIDGET2 NEOFT | 73001 CATD RAT
- CARP ARTBC
‘ FCARP TRIVH CARP NEUCR CATD CHIHA
CARP ARTOC CARF ARTOC
CARP NEUCR CARPTR{VH
CARF ARTRC
CATD RAT
CATD CHIHA o AR
RSP ASPE AEDAE
ASFP AEDAE
Target
CARPV CANAX

RPY CANAX

ARP YEAST | Template

Figure 4. Phylogenatic result thought draw gram and draw tree of AEP pep2 with the mostly homologous
member of its family.

Template

3.3. Topology of Predicted Homology of AEP pep2

The structure of AEP pep2 is bilobal which carry two lobes. Each of the lobe shows o/ structure
topology, and have five alpha helixes, which formed sandwich type structure with parallel and
anti parallel beta sheets both in the C and N terminals clearly indicatesin Figure 5 and 6.

1



International Journal on Bioinformatics & Biosciences (1JBB) Vol.3, No.1, March 2013

Figure 5. a/B topology secondary structure of AEP pep2. The N terminal and C terminal are indicted asN
and C.The red cylinders are alpha helixes while pink arrows are beta sheets .Blue lines shows the coils n
turns.

C-Terminal
N-Terminal

Figure 6. The schematic representation of the built homology model (3DC4) target showing arrangement
of secondary structural elements. Blue region shows N-terminal domain and red regions indicates C-
terminal domain, b-sheets by arrows and a-helices shows by cylinders.

It is characterized by pre-dominant 26 beta strands contents with 10 alpha helix’s segments that
form two similar domains. It consisted of 34 beta turns or tight loop,which often support the
formation of antiparallel beta strands in this structure. It is stabilized by disulphide bonds
between residues 46-51 and 251-284. The structure consisted of 2 gammaturns at position of 150
and 193 residues and 10 beta hairpins at the different position between the beta strands. The total
number of sheetsin the structureisA, B, C, D which topology is antiparalel and mixed indicates
inFigure 7.
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Figure.7 Overall secondary structure information of AEP pep2. E'(beta turn) .}I (Gammaturns)

~ Il = i and strand) ——=( betahairpin) @ @ disulphide bond)

3.4. M odel Assessment

Different validation tools are available for assessment of newly build model accessed from
online source such as PROSA or the PROCHECK program was used to alow the model based
on geometric examinations.

3.4.1. PROCHECK Results

The homology modeling of AEP pep2 was refined by 2.0A° resolution as same as 1GOV (target)
and passed over al the implementation steps of PROCHECK and give a result in the form of
Ramachandran plot. The plot for AEP pep2 (3DC4) indicates that 94.3% of the main-chain
dihedral angles are found in the most-favored regions, 4.3% in the additionally alowed, 1.4% in
the generoudly allowed while there is no residue found in the disalowed regions indicates in
Table 1 and Figure 8.
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Table 1. Table shows Ramachandran plot statistics of the AEP pep2 models obtained with PROCHECK

——————————ggg P R O C H E C K S U M H A R ¥ 3»pe———mm———— +
apc419 2.0 128 residues
Pemachandran plot: 94.3% core 4.3% allow 1.4% gener 0% disall
Gly & Pro Remmch: 1 lebelled residuea (out of 47)

Chil-chiZ ploca: 3 labelled residuss (ouc of 187)

Hain-chaln paroama: 6 hetter 0 inzide 0 worae

Gide-chmin pacoams: 5 hetter 0 inside 0 worae

Pesidue properties: Hax.dewviation: 3.4 Bad contacts: 11

Bond lenfangle: 20.2 Horris et al class: 1 1 2
d cisa-peptides

G-facrors Dihedrals: -.07 Covalent: —. 44 Overall: -.20
Hic bond lengths: 83.1% within limits 16.9% highlighoed 3 off graph
Hfe bond angles: T3.1% within limits 26.9% highlighted 5 off graph
Planar groups: 100.0% within limics -0% highlighced

e e e e e e e e e e e e e e +

+ Hey be worth investigeting fucther. * Worth investigating further.

2d56

Ié **d—‘A*rj_____+

180

Q0
45+
5 |
)
z
=45
-90
-135- - |
- L -
I S 2 u
-180 -135 -90 -45 0 45 90 135 180

Phi (degrees)
Fig 8. Ramachandran plot statistics of the target (AEP pep2) obtained through PROCHECK.

3.4.2 ProSA Results

While ProSA calculates an overall quality score of the newly build structure and demonstrate the
result into a form of the plot that indicated the scores of al experimentally determined protein
chains. The Z-score was used for the measurement of the energy asit indicated overall quality of
the model. The positive Z-score shows that the structure is not stabilized while zero and negative
score is indication of one of the best ideal structure. In the plot, groups of structures from
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different sources (X-ray, NMR) are shown by different colors(light blue and dark blue).Z-score
of the template sequence (1GOV) is-7.21 shown in Figure 9, whereas target sequence (3DC4) Z-
score was -7.3. From this negative score of target demonstrated the model is structurally become
reliable. While the graph in Figure 10 for target is mostly below from the zero on x-axis and on
the basis of this graph, the modeled 3-d structure for target can be constructed.

X-ray
mmm NMR

Z-score

=15

_200 200 400 600 800 1000

Number of residues

Figure 9. Screenshot of ProSA z-score plot of AEP pep2 showing the Z value < 0.neagative value -7.3

——  window size 10
— window size 40

Knowledge-based energy

- _ 328
Seguence position

Figure 10. Screenshot of ProSA plot of AEP pep2 showing the energy graph of residue scores of a native
protein structure.

3.4.3. Superposition

In order to find the backbone differences and similarities between the 3DC4 (target) and
1GOV (template)both the models were superposed on each other. The RMSD value of the
superposed models was 3.3628A°. Due to higher DRSM value, the two structures are not well
superposed and the distances between the two models are more than aspect range but have
amost identical folding topology indicates in Figure 11. All the residues are mostly similar to

each other.
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Template

Figure 11. Structural superposition of atoms of AEP pep2 (pink) onto the crystal structure of 1GOV (blue).

3.5. ActivesiteAnd Protein Ligand I nteractions

In the target structure, thereis alot of ligands, which clearly shown by program LIGPLOT from
Pdbsum. The ligands consist of carbohydrates such as BMA-MAN-MAN-BMA-NAG-NAG-
MAN-MAN located at the different position in the structure. In NAG 333 bound with amino acid
Asn132 through hydrogen bond of bond length 2.95 A°. While MAN 336 bound with amino acid
Lys 99 at 3.00 A° and Lys 133, Va 135, Thr 70, etc are non-ligands residues involved in
hydrophobic contacts represented by the eyelashes but located at the different position in the
structure shown in Figure 12.
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Bma 332
0 %
O

) Man 331

Figure 12. The ligplot result of interactions of different carbohydrates ligands such as NAG,
MAN and BMA shows to interconnected with each other as well as to amino acids of target
sequences. Hydrogen bonds are indicated by dashed lines between the atoms involved, while
hydrophobic contacts areillustrated by spokes.

Active sites study to indicate that each domain which is characterized by two catalyticaly active
aspartic acid’s rasidues are,Asp 103 and Asp 287, one in each domain of protein.

3.6. ERRAT Model

In Errat model shows that the overall quality factor of target model is 71.384.which is
identification of good modd.
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Figure.13 Errat model of AEP pep2 shows overall quality factor**: 71.384 and comparing it to the amount
of errors (99%) alowed in amodel. The white and gray bars indicate range of good refinement in terms of
favorable nonbonded contacts.While black coloumns identify problem regions.

4. CONCLUSION

The primary structure of both Neosartorya fisherica proteins indicates strong amino acid
homologies in the regions that are thought to be the active ste such as
aspergine threonine,glycineg(DTG ) motif. Multiple sequences’ comparison of (10 sequences)
shows considerable sequence similarity among primary structures of al known Aspartic
proteases of Alpeptidase family. The modeled structure is characterized by pre-dominant beta
sheets with 10 alpha helixe’s segments that form two similar lobes, each providing one of the two
aspartic acid residues, which are catayticaly important. The overal topology and secondary
structural elements are entirely conserved throughout the A1 family of peptidase. The tertiary
structure shows that each lobe has o/ structural topology, mainly (mixed) parallel, antiparallel 3-
sheets sandwich between apha helices providing characteristic functional geometry to the
protein. A phylogenetic tree results show that Aspartic endopeptidase pep2 and CARP ASPFU
(Asperigellus fumigatus) is evolved from common ancestors and are homologous to each other
according to evolutionary point of view. The predicted model of aspartic endopeptidase pep2 will
be helpful better to understand the active site and ligand binding site for control of diseases
causing from this protein for future drug analogs with more efficacies aswell as less side effects.
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