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ABSTRACT

Recently many chemical drugs are capable of cauiagside effects to the humans , in order to prethgs side
effects herbal based drugs is necessary for thiehealternative. Most promisingly the algal basedigl molecules
have been explored for their interesting physicodical and biological properties. The amine funcétbity is
present in many natural products and due to itenesting physiological activity it is an extremétgportant,
pharmacophore in many biologically active compourgsme time HIV is an inevitable one of the mastistl and
unsolved human diseases. So far six million HIMitipespeople are on treatment, a majority of thencountries
like India, Brazil, Thailand and South Africa. ThBatents on lifesaving drugs can end access fonthad so
activists across the world are fighting against tmationals from stopping the production of geneniecently most
of the scientist and doctors are continuously wagkio resolve this diseases by new effective diargbis Anti HIV
treatment. At present study we have isolated arartompound from Gracilaria corticata and anothesmpound
from its associated endophytic fungus . Most of dbmpounds reveal that some Pharmacophores areethde
essential to impact desired therapeutic effecthia tnolecules. The significant Pharmacophores liktoden,
Phenolic —NH,-CH,OH,-CH=N-,-GHs and chiral centre in the molecules could exhibgdd spectrum activities.
Some of the FDA approved Anti-HIV active compowrddopinavir, Ampenavir and Indinavir etc.
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INTRODUCTION

The drug discovery process pursued by major phautmal companies begins with target identificatimmd
validation, assay development and high-throughpigening, the aim being to identify new leads. THe need for
a rapid search for small molecules that may binthtgets of biological interest is of crucial imfgorce in the drug
discovery process. One way of achieving this isiiséico or virtual screening (VS) of large commalcollections
to identify a subset of compounds that containatiredly many hits against the target, compared t@ralom
selection from the collection. That in turn helpsdfnew and better drug targets [2]. This is esabythe essence
of using Bioinformatics in drug discovery; identifg and validating targetdn cases where the target is a protein,
the drugs themselves are primarily small chemicalegules or, in some cases, small proteins, sud¢ioamsones,
that bind to a larger protein in the body. [3].Usture based drug design has already yielded dedreigs currently
on the market. It is a now growing rapidly in resbafield in which many successes have reporte@édent years.
[4-7).
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Their ecological position at the base of the aguiatdd chain and their essential roles in nitroged phosphorus
cycling are critical to aquatic ecosystems [8]. Btorer, the alternation of species composition inagnatic
community because of toxic stress may affect thecttre and function of the aquatic ecosystem [&3.diversity
of life in the terrestrial environment is extraardiy; the greatest biodiversity is in the worldteans, with 34 of the
36 phyla of life represented. The oceans cover rtie 70% of the earth’s surface and contain muaie 800,000
described species of plants and animals [10-11¢ mlarine environment represents a treasure of lugedducts
awaiting discovery for the treatment of infectialiseases. Ecological pressures, including competitbr space,
the fouling of the surface, and predation havettedhe evolution of uniqgue secondary metaboliteth warious
biological activities [12].Additionally, natural products that are biologigalictive in assays are generally small
molecules with drug-like properties. That is, theg capable of being absorbed and metabolized opaldy. 13-
14].

For the pharmaceutical industry, the number ofy¢abring a drug from discovery to market is apprately 12-
14 years and costing up to $1.2 - $1.4 billion @wll[15-16]. They can also be used to analyzeatyet structures
for possible binding/ active sites, generate caatdidnolecules, check for their drug likeness, dbelse molecules
with the target, rank them according to their bigdaffinities, further optimize the molecules topirave binding
characteristics. [17].

Molecular docking is powerful tool to identify theck and key model. Molecular docking provides fuke
information about drug receptor interactions andréxjuently used to predict the binding orientatimhsmall
molecule drug candidates to their protein targetsrder to predict the affinity and activity of tkenall molecule.
Docking plays an important role in the rational igasof drugs [18-19]. The design of novel ligands & given
binding site is of high importance in current dregearch, in such a way that the given ligandamodify with the
interactions of the target protein which are tarbproved or optimized [20].

The HIV viral protein gp120 induces apoptosis afimo@al cells by inhibiting levels of furin and tigsplasminogen
activator, enzymes responsible for converting pBDINFMBDNF[21]. Different retroviruses vary widelp iN-
linked glycosylation sites: HIV-1can have as magy38 sites glycosylated, 25 of which reside in gplgp120
induces mitochondrial-death proteins like caspag@sh may influence the upregulation of the dea&teptor Fas
leading to apoptosis of neuronal cells[22-23] Gpl2&nchored to the viral membrane, or envelopa, non-
covalent bonds with the transmembrane glycoprotgd,l. Three gpl20s and gp4ls combine in a trimer
of heterodimers to form the envelope spike, [24} thediates attachment to and entry into the halst ¢

In this current study, the theory of structure,dshdrug designing was employed, since the strudfitiee protein
and natural compounds are known. Natural compowede isolated from marine source and targeted agtie
envelope protein of HIV.

EXPERIMENTAL SECTION

Retrieval of the natural compound

The chemical structure of carrageenans and Tilae B was retrieved from pubchem
(http://pubchem.ncbi.nim.nih.gov/Eanonical SMILES of this compound was taken astitpgalculate the general
molecular properties.

Methodology :

Drawing the chemical structure

The structure of revised compounds were drawn imchsetch available through ACDLABS. Converted tOM
and again transformed to tripos MOL2 format foromatck docking.

Molecular property calculation

Molecular properties of chemical compounds plays vigal role in biological process AlopP, Molecublaeight,
hydrogen bond acceptors(HBA),hydrogen bond donéiBD) are four important drug likeness property of
Lipinski’'s rule of 5[25].other property such as T$otal polar surface area) , no of rotatable bdnaxb) and
volume[26] are important property for drug trangption in invivo system.
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1.ADME prediction
Pharmacokinetic of drug was calculated with fivettdr word called ADMET absorption, distributiongtrabolism,
excretion, and toxicity. [27].

2.Structure based drug designing
In this docking both receptor and ligand is knowlhdfved by performing the respective steps for dloghising the
receptor ligand protocol.

3.Molecular docking
The grid calculations were set up with the utiityd maps were calculated with the program AutoGrid

RESULTS

The ligands which are taken for docking studiesshiswn in figure 1 and the protein before and afed
preparation is shown in the figure 2 respectivetynpounds and its smiles were tabulated in table 1.

Figure 1: Compounds isolate from Marine algae

Figure 2: The Protein Before and After Grid Preparation
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Table 1: Marie algae’s isolates SMILES

Name of the Smiles notation

Compound
ggifyasfgchande | CO[C@HI20C(COS([0])(=0)=0)[C@H](O[C@@H]10C(CO)[C@H](0)C(OC)[C@@H]10S([O-
carrageenans DEO)=0IC@@HI(O)C20([0-N)E0)=0
Thailandolide B CC(=0)0C2c1c3CCACE(C)C=CC(=0)C(C)(C)C5ECC(O)CA(C)Oc3ec(0)c1C(=0)0C2C

Table 2: Calculated molecular properties

Property - Value - -
Sulfated Polysaccharide -carrageenarBhailandolide B

Mass 607.5223 484.5366
logP -2.1780 3.4173
H-bond acceptorg 20 8
H-bond donors 3 2
Rotatable bonds 12 2
PSA 308.2100 119.3600
RO5 violations 2 0
RO3 violations 4 4
Refractivity 103.3117 126.3153
Atoms 60 67
Rings 2 5
Heavy atoms 37 35
Hydrogen atorr 23 32
Heteroatom 23 8
N/O atoms 20 8
Chiral centers 10 7
R/S chiral centerg 6 0

absorption, tissue distribution, bioavailabilitgceptor interaction, metabolism, cellular uptaked #oxicity [32].
The formulation of Lipinski’'s rule of five is basaih the observation that orally active drugs aralsand have
optimal solubility in aqueous and non-polar [33].

Lipinski’s rule of five states that value of ALOGR® <5, a molecular weight af500 daltons, a number of hydrogen
bonding acceptor sites (HBA) sf.0, a number of hydrogen bonding donor sites (HBDJ5 are ideal for a lead to
behave as drug candidate [34-35]. Perhaps thelikermgess rule will not stratified in natural produecause it is
combination of bulkier functional groups connededhe parent compounds.

As per rule of veber drug likeness PSA (PSA<=1486])[plays an important role, PSA is a commonly
used medicinal chemistry metric for the optimizatimf a drug's ability to permeate cells. Moleculéth a polar
surface area of greater than 140 angstroms sqtemeddo be poor at permeating cell membrane. Fdecutes to
penetrate the blood—brain barrier (and thus actemeptors in the central nervous system), a PS# tiean 60
angstroms squared is usually needed[37]. PSA bas bhown to be a very good descriptor charaatgridrug
absorption, including intestinal absorption, bidkafility, Caco-2 permeability and blood-brain barrpenetration.
More over Sulfated Polysaccharide—carrageenansicsnsix R/S chiral centers compared with ThaildideoB,
chiral centers plays a major significance in biddadj activity also, the activity of drugs contaigistereo centers
can similarly vary between enantiomers. In additrmatable bonds less than ten is more promir@ntdmpounds
to obey veber drug likeness rule.

Pharmacokinetics of the compounds

Pharamacokinetics study is also known as PK stusfiébug, It attempts to discover the fate of agdftom the
moment that it is administered up to the point hic it is eliminated from the body[38].
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Table 3: ADMET Predicted Profile of the compounds

Models ADMET Predicteq Profile_
carrageenans| Thailandolide B

(BBB) Penetration 0.718 0.5487
Human Intestinal abs 0.969 0.8965
CYP450 2C9 Inhibitc 0.805! 0.904¢
AMES Toxicity 0.6329 0.5197
Rat Acute Toxicity 2.5559 3.3941
Fish Toxicity 1.8792 0.0049
Tetrahymena Pyriformis Toxicity 0.0448 1.5957
Biodegradation 0.6676 1
Acute Oral Toxicit 0.538: 0.463:
Aqueous solubilit -2.416¢ -4.334.
Caco-2 Permeability -0.2301 0.4902
Carcinogens 0.6413 0.9214

Pharmacokinetics describes how the body affectgeaific drug after administration through the methmas of

absorption and distribution, as well as the chehtbanges of the substance in the body and theteféand routes
of excretion of the metabolites of the drug. Frdra &bove table 3, the observed values of each paeamxpress
the kinetic profile of drug. Blood-Brain Barrier BB) Penetration of Thailandolide B is more than f&ed

Polysaccharide —carrageenans . Absorption of Tiddlide B is 0.8965 which shows it can be bettesogition

than Sulfated Polysaccharide —carrageenans witlevafl 0.969.Metabolism of enzymes in liver is mongortant

for all the drug, the enzyme CYP450 family is reqdi for biotransformation Thailandolide B and &téfi

Polysaccharide — carrageenans shows non inhibitoritg. According to environmental factors, botbnegpounds
are not readily biodegradable. LogS (Aqueous sbiypiof the both compounds are more soluble, LqgPaf

Sulfated Polysaccharide —carrageenans is -0.2304 whereas for Thailandolide B is 0.4902 cm/s.

Receptor ligand interaction

Receptor-ligand interactions are fundamental tdouar biological processes such as gene transaripsignal
transduction, enzymatic re-actions and physioldgiegulation. As many proteins regulate key biotagifunctions
via interactions with small molecules, these regeptoteins are often major targets for therapeagients. In this
study, envelope protein from HIV virus, one of thest common sexually transmitted disease whiclockeld with

the naturally isolated compounds from algae suclswdfated Polysaccharide—carrageenans and ThalldadB.

The various energy parameters were calculated glutatking are shown in the table 4 and table 5 amaicid

binding and its distance also the interaction otgin and ligand is shown in figure 3 and figure 4.

Table 4: Various energy parameters of docking

Parameters Sulfated Polysaccharide- carrageenan: | Thailandolide B
Inhibition Constant, K at 298.15 k 248.32 mh 54.64 uN
Estimated Free Energy of Binding -0.83 kcal/mol 825kcal/mol
Final Intermolecular Energy -4.29 kcal/mol -6.3@kmol
vdW + Hbond + desolv Energy -4.67 kcal/mol -6.42lkmol

Electrostatic Energy

+0.38 kcal/mol

+0.06 kcal/mo

Final Total Internal Ener¢

+0.17 kcal/mc

+0.00 kcal/mc

Torsional Free Enert

+3.29 kcal/mc

+0.55 kcal/mc

Unbound System's Energy

+0.00 kcal/mol

+0.00 Kkaall/nj
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Figure 3: Sulfated Polysaccharide —Carrageenan’s bding with active site of Hiv-1 Gp120

Table 5: The below mentioned table is the bindingreergy of ligand to the active site/binding site ofhe HIV-1 Gp120

LIGAND and RECEPTOR Amnioacid Binding | Distance in A | Binding energy kcal/mol
Lys28: 4.4
Sulfated Polysaccharide —carrageenans with HIV-1 G20 3.7 -0.83
Thr 283 38
. . . Ser 365 3.3
Thailandolide B with HIV-1 Gp120 Thr 455 5 -5.82
DISCUSSION

The importance of isolating active secondary meisdsois a key factor research in medical fieldalh over the
entire world. Also producing the drug without sieléects are more important parametric factor ingddiscovery
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process .The active metabolites from various nhgoarces of microbes, plants, animal and marineewsed a
potent chemical drugs alternative. Many pharmacalttompanies were investing the millions of doilarthe
natural drug production in large quantity with fevpeices to reach the people. Algal sulfated padgbharides are a
source of humerous biological activities that miad ftherapeutic advantagdiebert.,2002[39] and Irhimeh et al.,
2009[40] reports that algal polysaccharides &rtpotentially low bioavailability given their @t high molecular
weights and that algal sulfated polysaccharidekdigplay some, albeit low, degree of oral bioaafaility.

Blunt et al., 2005[41] investigated on algae amubred that more than Over 15,000 novel compoursde fbeen
chemically determined. Focusing on bioproductsemédrends in drug research from natural sourcggest that
algae are a promising group to furnish novel biodiceally active substances..Another study of virysHidari et

al., 2008[42] shows the microorganisbtadosiphon okamuranusomposed of glucuronic acid and sulfated fucose
units

Potently inhibited infection of BHK-21 cells withedgue virus type 2 (DENV-2). Witvrouw in 1997[43ported
that sulfated polysaccharides from seaweeds tdiirthie replication of enveloped viruses includhmgrpes simplex
virus (HSV), human immunodeficiency virus (HIV), dammuman cytomegalovirus, dengue virus and respirato
syncytial virus. The research of Witvrouw in 199\yides the key for Insilco studies to carry oue thoth the
compounds Sulfated Polysaccharide—carrageenantheildndolide B.

Kubinyi, 1998; Muller, 1995; Van Drie & Lajiness998; Walters et al., 1998[44-47] stated that thecess of
finding novel leads for a new target is the mogpamant and undoubtedly one of the most crucigsta a drug
development program. Today two complementary gjrase are followed by experimental high-throughput
screening to discover possible leads from largepmmd libraries, and computational methods explgistructural
information of the protein-binding site aiming aetconstruction of a ligand de novo or their disrg\by virtual
screening of large databases. The physiochemiogkepties and PK studies of the compound shows aminogen
,non inhibitor of cytochrome p450 family of enzymeasd Toxicity is another important parameter thegds to be
considered in this studies, commonly the valuesRaf Acute Toxicity LD50 of Sulfated Polysaccharide
carrageenans is 2.5559 mol/kg and ThailandolidesB3.83941 mol/kg. Fish Toxicity pLC50 for Sulfated
Polysaccharide —carrageenans is 1.8792 mg/L andamnbalide B is 0.0049 mg/L. Similarly for Tetrahgma
Pyriformis Toxicity pIGC50for Sulfated Polysaccharide —carrageenans is 0.@4#8 and Thailandolide B is
1.5957 ug/L respectively. On other hand recepgand interaction of the compound shows more faverafinity
for Threonine residues in envelope protein. herftaildandolide B with lowest binding energy and leésvalue of
54.64 uM compared with Sulfated Polysaccharideragaenans with Ki value of 248.32 mM. Comparisothete
compounds need to carried out in both in-vitro &ndlivo system to improve its bioefficay mode oktretical
prediction, thus in future the isolates form algae be used for HIV treatment for targeting envelpptein.
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