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ABSTRACT

The parasitic infection becomes more common nowadays, mortality due to coccidiosis in poultry birds are
increasing day by day. This kind of infection will affect the production and economy of poultry farms, mostly this
infection are caused by parasites of Genus Eimeria affects birds such as poultry and mammals such as cattle and
rabbits. Hence, it is necessary to control the death of the birds through a novel approach. This study is mainly
investigated on the targeting the crucial enzyme S Adenosylmethionine synthase present in E.maximum. The 3D
structure of the S-Adenosyl methionine synthase is modeled using homol ogy modeling techniques and docking with
1-monocaproin, found the binding energy as -2.85kcal/mol. The interaction is observed in Gly and Phe amino acid
present in the S-Adenosylmethionine synthase. Hence in future, passing out the trails it can be used as one drug
candidate for treating this poultry disease caused by E.maximum.
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INTRODUCTION

The parasite infection is common in bird causeddgcidian protozoa. Infection will spread quickigri one bird

or animal to another via infected feces or ingestid infected tissue. This kind of infection wilffact the
production and economy of poultry farms, mostlysthifection are caused by parasites of Gdtin®ria affects
birds such as poultry and mammals such as cattleaibits. The specie&. acervulina, E. maxima and E. tenella
are most important poultry coccidian pardsiteyzzer, 1929 described E. maxima was the firsaracoccidial
parasites, usually large oocysts, distinctive sizé. maxima is used in a diagnosis of the disease and diffiatéon
from other species dimeria®. An E.maximum is commonly used for experiments of an immunolalgiature, it is
considered to be highly immunogenetic and capabke-infection even with small numbers of paraéit@se life
cycle of E. maxima is more complex than other parasites, there areetldistant phases namely sporogony,
schizogony and a sexual phase, gamogony, so fiax #ie four vaccines preferred to prevent the ppbirds from
this disease Anticoccidials are given in the feed to preveisiedse and the economic loss often associated with
subacute infection. Prophylactic use is preferbetause most of the damage occurs before signsnieeagpparent
and because drugs cannot completely stop an outbf@antinuous use of anticoccidial drugs promotes t
emergence of drug-resistant strains of coccidiaiovdia programs are used in attempts to slow or sébpction of
resistance. For instance, producers may use omeoegitlial continuously through succeeding flockbange to
alternative anticoccidials every 4—6 mo, or chaag#coccidials during a single growout (ie, a sleuftrogram).
While there is little cross-resistance to anticd@as with different modes of action, there is vadeead resistance
to most drugs. “Shuttle programs,” in which oneugroof chickens is treated sequentially with differerugs
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(usually a change between the starter and growi@ng, are common practice and offer some beirefitowing
the emergence of resistance.

The effects of anticoccidial drugs may be coccitditis, in which growth of intracellular coccidia &rested but
development may continue after drug withdrawal,coccidiocidal, in which coccidia are killed durirtgeir
development. Some anticoccidial drugs may be caxstiatic when given short-term but coccidiocidalentgiven
longterm. Most anticoccidials currently used in pguproduction are coccidiocidalOur approach is to evaluate 1-
monocaproin as a prophylactic by adding in the feeébed additive to prevent and control the caogsisl.

In this current study, we approached the new teghas using computational biology to attack the irtged enzyme
that present in the parasiEemaximum. S-Adenosylmethionine synthase is a key enzymé¢hé synthesis of
polyamines in mammals, plants, and many other egedihis enzyme plays an important role in gene td@pson
and cell proliferation and hence in this reseatciysit is considered as crucial drug target préteThe X-ray or
NMR 3D structure are not available for this enzypresent in thee.maximum. Hence computational homology
modeling method is used to build the protein moafethis structure, subsequently it is validatedstructure
verification server to confirm its quality of theodkel. Finally, it is docked with naturally isolatedmpound 1-
monocaproin and its interaction and binding enésgtudied using Auto dock 4.0v in Linux environmen

EXPERIMENTAL SECTION

(i) Retrieval of target protein sequence from database

The target sequence of the Eimeria maxima is ifledtusing the UniProt database (http://www.unipg) S-
adenosylmethionine synthase is a kind of enzymelwed in various biological process such as prddacof
secondary metabolites, gene transcription andpeeliferation and it is fast growing drug targetzgme in many
diseases. Eimeria maxima is a parasite which a8hatructure for this particular drug target enzyrse it is
chosen as definite target for theoretical modetingomology modeling of proteins.

(ii) Templateidentification and alignment

Template selection is the most crucial process iomdlogy modeling it was done with blast
program(Blast.ncbi.nim.nih.gov) search in PDB databprovided with scoring parameters of matrix BUNG2,
match and misact scores of 1,-2 along with gap obsixistence:11 ,extension:1 and adjusted withditmmal
compositional score matrix adjustment. After setectof template, it was the aligned in two meangeshplate
sequence with target sequence (seg-seq alignmeshtemplate structure with query sequence (struaiggment)

(iii) Modeling of protein and its validation

Models are built based on the target-template adgmt using Promod-II(ProMod Version 3.70). Thisgreom is
inbuilt version of swiss model workspace; it biile model based on the conserved amino acid bettheetarget
and the template. The most conserved amino acidaogies directly in the form of structure from tdatp to query,
again remodeled using the fragment library by aderéng insertion, deletions and gaps. Finally, slte chains of
each amino acid in the modeled protein are rekitiiltas then regularized by using a force fielde Timal modeled
protein is validated through online tool with rarhandran plot to confirm the quality of the struetis same as of
the experimental structure.

(iv) Modeled protein and ligand preparation

The modeled protein with negative energy impliew/dis stable structure, that optimized structure ta&en for
further docking studies. On the same manner, ttgetdigands were initially drawn using chemsketobl, the
chemical language format is converted into protiita bank format for the docking, and the forclfie applied
initially to avoid bad clashes and streic problem.

(v) Structure based docking

In this current study, docking is carried out imlx environment with software of auto dock 4.02sefrware.
Structure based drug designing is the method dbpeing the docking using the known protein dockingh
known ligands.
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Table 1: Molecular properties of ligand

Molecular Molecular

Structure No Of Atoms S Molecular weight
Composition Formula
:.J Chiml
| C: 0.568,
e o O o i Pl S .
TN T g T o 13 H:0.095, 1 o9 H1g 04 190.243

0:0.336

1-monocaproin

It is common method of analyzing the receptor-lgjanteraction between the active site of the protnd the
ligands moleculés In the current study, the modeled protein is @ocwith ligand 1-monocaproin, the molecular
properties of ligand is shown in the Table 1.

RESULTS AND DISCUSSION

1. Target sequence for modeling

S-adenosylmethionine synthase sequence Eomneria maxima of Uniprot id: U6M1Q6 was retrieved from Uniprot
database with and amino acid sequence length ofaB@9a mass of 40,311 daltons. The .fasta formahef
sequence is shown below

>trlU6M1Q6|U6M1Q6_EIMMA S-adenosylmethionine syrg@aOS=Eimeria maxima GN=EMWEY_00053530
PE=3 SV=1
MSTRPIVTTPGRFLFTSESVNEGHPDKLCDQVSDAILDACLREDPNSKVAETCTKTGMVMIFGEITTNASY
DYEKIIRETCRDIGYDDESKGLDYKTMKVVVAIEDQSPEIAHAVHINKNIE EIGAGDQGHMFGYACDETPEL
MPLSHSLATSLGKRLTDVRKTGLLPYIRPDGKTQVTVEYDNSSGVPIPIRWTIVISTQHSPEVDNNKLREDII
NKVIKPVVPSNYLDKDTIYLLNPSGRFVIGGPHGDAGLTGRKIIIDTYGGWGAHGGGAFSGKDSTKVDRSA
AYAARWAAKSLVANHFCKRCLVQVSYSIGVATPLSLYVDSYGTAAEGYTDD CLLKIVADNFDFRPGVIQR
DLRLKVNPK

4KTT-A|PDBID|CHAIN|SEQUENCE

Sequence 1D: Icl[Query 184795 Length: 396 Number of Matches: 1 Flotof lliQuery_184793 vs lcljQuery 184795 &

Range 1: 17 to 368 Graphics

re Expect Method Identities Positives
455 bits(1170) Se-163 Compositional matrix adjust, 232/354(66%) 282/354(79%) 2,f'354(0%}
Query 11  GRFLFTSESVNEGHPOKLCOQUSDAILDACLREDANSKVACETCTKTGMVMIFGEITTHA 70

G FLFTSESV EGHPDK+CDQ+SDA+LDA L++DP++KVACET KTGM+++ GEIT+ A
Sbjct 17 GTFLFTSESVGEGHPDKICDQISDAVLDAHLQQDPDAKVACETVAKTGMILLAGEITSRA 76

300 368
T =

250
T

Query 71  SVDYEKIIRETCROIGYDDESKGLOYKTMKVVWAIEDQSPEIAHAVHINKNIEEIGAGDQ 138
AVDY+K++RE + IGYDD SKG OVKT VaVASE QSP+IA VHessl E+IGAGD] L
Sbjct 77 AVDYQKVWREAVKHIGYDOSSKGFOYKTCNVLVALEQQSPDIAQGVHLOANEEDIGAGDY 136 3y

Query 131 GHIFGYACDETPELMPLSHSLATSLGKALTDVRKTGLLPYIRPDGKTQVIVEVDNSSGVP 198 F
G MFGYA DET € MPL+ LA L +L ++R+ G LP++RPD KTOVTVSY 6 A
Sbjct 137 GLMFGYATDETEECHPLTIVLAMKLNAKLAELRRNGTLPULRPDSKTQVTVOQYIIQORGAY 196

200
T

Query 191 1PIR\-’HT!VISTQHSFEVWHHREDI[NK‘JEK?W’SIJY DKDTIYLLNPSGRFVIGGR 25@
+PIRVHTIVIS QH EV  ++=Re KVIK WP+ YLDDTIY L PSGRFVIGGP
Sbjct 197 LPIRVHTIVISVQHDEEVCLDE HRBAL}.EKU!K&WPLMYLDEDIIYHLQ?SGR FVIGGP 256

Query 251 HGDAGLTGRKIIIDTYGGWGAHGGGAFSGKDSTKVDRSAAYAARWAAKSLVANHFCKRCL 318
GOAGLTGRKIT+DTYGEWGAHGGGAFSGKD TKVDRSAAYAARW AKSLY  C+R L
Sbjct 257 QGDAGLTGRRIIVOTYGGHGAHGGGAF SGKOVTRVDRSAAYAARWVAKSLVEGGLCRRVL 316

IchQuery_1384735
¥

Query 311 qusvs:umnSLMJsvcme&vmﬁmvaNmkPﬁVIQﬁDLau: 364 lcliQuery 184793 100 150 200 250 300 364
VQUSY+IGV+ PLS+ + YGT+ + ++ LL+IV HFD RPGVI RDL LK
shjet 317 vqxsmcvsmszsmvmsqn -SERELLEIVKKNFDLRPGVIVRDLDLK 368

A B

Figure 1: Sequence to sequence alignment

2. Theoretical modeling and alignment

The 84 templates were found to match the targaieseme using PDB blast available in BLAST tool. Top five
templates (Table 2) with good query coverage amdlaiity, sequence identity between the target sage and
template sequence must be chosen as approprigiatenfor homology modeling. Alignment is done wotways
initially with sequence-to-sequence alignment amndcture -to-sequence. In sequence-to-sequenaenadigt using
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composition matrix adjust shows 66% identities zgaps and 79% positives(figurel A) with dot mati$x
generated to show the relation and common amind stwring in between the target and query sequiégoe(l
B). For Structure to sequence alignment of the tatagrotein retrieved from Protein data bank (wwehb.org) ID:
4ktt: A chain with query sequence shows 65.91 sege identity with 95% query coverage (from belagufe 2
C&D) also with 50% of similarity was chosen for themology modeling in this study .

F Tarqet
aktt. 1A

Target SVDEERTIREZCRDIGYDDESRGLOYRIMEYVVATED)SPETARAVAINRNIEETGAGDQEHMEGYACDE 10
skt LA VDR ORI VBE RV TGV DDE SREEDYRT I Vo YA ETASPOTAL VAL 12 NEEDTGAGDOGIMEGTA DB s
PELHPLSHSLATSLGRRLIDVRRTGLLPY IREDGRIQVIVEYDNSSGVRIRIRVETIVISTQESPEVDN 210
TAGRGHARLAE LRENGT LRHERPDERIQVIVGY ISR GR 7 LPIRVATIVIS R0 EEVCE 21

Target NRLREDIINRVIRPVVRSNYLDRDTI¥LLNPSGREVIGGPHGDAGLIGRRIIIDTYCOHGARGEEAFSER 220

dket, 120008 RVIRAVYVEE LD DTTYEL) PSGREVIGEE | GDAGLTGRRIT DTYECHEARCREAEEGR 20
Target DSTRVDRSARYAARWARRSLVANEFCRRCLVQVSYSIGVATPLSLYVDSYCTAAEGYTDDCUERIVADNE 30
$kzt. 1A DY IKVDRSARYARRN I ARSLY(): oL CHRIUVQVSTA TGS APLS IATHTGTAURSENY DUSTARRE 3
SMTLID 4kt 1A Targ 368
Title $-adenosyimelhionine synthase isalorm type-2 dkee.l %
Coverage ]
Identity £591
similarity 030

Figure 2: Structure to sequence alignment

Table 2: Query with template details

Template | Chain | Seguence Identity Oligo State Desgtion
AKTT A 65.17 hetero-oligomef S-adenosylmethionipetisase isoform type-2
40DJ A 63.87 homo-dimer S-adenosylmethionine sysgha
20BV A 63.56 homo-tetramer  Methionine Adenosyltfersse, Alpha Form
3504 A 60.74 homo-tetrame Methionine-adenosylfeaase
3TDE A 54.89 homo-tetrame S-adenosylmethioninghsse
vl ™ 8.9
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Figure 3 : Errat and Verify 3D for modeled protein

Finally, the structure is modeled with two typesabifement, the modeled structure is verified usiagous quality
check program that available in saves. The StracAmalysis and Verification Server, is used to gredl the
quality of the homology modeled protein throughaEt and verify 3D**% The results shows errat overall quality
factor is 89.429 with error value in two confideriegels 95% and 97% respectively (Figure 3 E),wheseverify
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3D shows the overall quality of the protein assfatitory and nearly 80% of the amino acids haveesto= 0.2 in
the 3D/1D profile (Figure 3 F).

Similarly, ramachandran pldf (figure 4 )shows 87% of aminoacid in the most faeouregion and 12.3% in
additional allowed regions and two residues in gendy allowed region, the role of glycine and prelis not
considered in ramachandran plot .none of the amida@ae observed in disallowed region.

3. Receptor-Ligand interaction

After the protein passes in the entire quality,tégdtas been calculated for energy to confirntabgity and it was
found to be as -11774.983KJ/mol. The polar hydregeere added along with Kollmann charges and thgective
drug target protein was saved in current mode ofem data bank for docking studies. Initially gigdcalculated
and then docking was performed, during grid calooha the grid maps were centered on the liganitidithg site
and were of dimension 40x 40 x 40 points. The ggdcing was 0.359A vyielding a receptor model witi go-
ordinates of 28.168 x -14.842 x96.946 as bindirtg senter. The default parameter settings genetayethe
program genetic algorithm were used for dockinge Titial population was set to 150 individuals; ximaum
number of energy evaluations was 2.5%¥faximum number of generations was 27,000 for éeati compounds
program was performed individually. The predicdigdnd and the parasite, drug target proteins acked using
Autodock4.1 in Linux environment and the interactiesults are shown in below figure 5 and tableaBl& 4
describes about, a role of energy parameters glirigrenergy.
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Figure 4: Ramachandran plot details of modeled pragin
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Figure 5: Binding of 1-monocaproin to active site bmodeled protein(S-adenosylmethionine synthase) thiamino acid interactions

Table 3: Binding energy of ligand to the active s&/binding site of the protein molecule (receptor)

RECEPTOR and LIGAND Amino acid Binding | Distance inA | Free Energy of Bindingkcal/mol
GLY275 3.5
Modeled protein With 1-monocaproin GLY273 2.8 -2.85
PHE134 5.2

Table 4: Role of energy parameters in docking

Parameters 1-monocaproin
Estimated Inhibition Constant, Ki at 298.15|K 1BmM (millimolar)
Estimated Free Energy of Binding -2.85 kcal/mol
Final Intermolecular Energy -3.61 kcal/mol
vdW + Hbond + desolv Energy -3.39 kcal/mc
Electrostatic Energy -0.22 lkoal
Final Total Internal Energy -0.07 kcal/mol
Torsional Free Energy +0.82 kcal/mol
Unbound System's Energy +0.00 kcal/mol
CONCLUSION

Thus, in modeled protein shows nearly 97% amind &cin allowed and favorable region of Ramachamghriat.
Other structure analysis tools also show good tualf modeling. Hence, this protein can further eiakfor
structure-based drug designing and molecular dgckilnamonocaproin and Modeled protein, It showsredh
interaction with estimated free energy of bindirfig-8.85 kcal/mol Gly and Phe residues presenhéactive site
of the drug target protein favors, the binding ehtinocaproin.Also, sigma—pi stack interaction ise®ed between
the compound and HIS 272 amino acid. Estimatedbltibh Constant, Ki of 1-monocaproin acid is 8.1%m
(millimolar) at Temperature 298.15 K. Hence, thisnpound 1-monocaproin is drug candidate for parasfection
treatment of drug target protein S-adenosylmethi@siynthase.
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