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ABSTRACT

Plasmepsin Il (PL 1), an aspartyl protease inhiitof P. falciparum, plays a key role in the haeiobn
degradation inside the food vacuole. Besides, ditfpthte reductase (DHFR), a small enzyme that playritical
role in the building of DNA and other processesfosnd to be involved in the reproduction of thegsites, P.
falciparum and P. vivax. Recently more focus hasnbarrived in the treatment and cure of malariacingh
inhibition of these key enzymes, PL Il protease BRFR. The main aim of the present study is to ot the
binding mode and hydrogen bond interactions ofligieen metabolites; depsides viz. atranorin (ATR)e&anoric
acid (LA), depsidone, salazinic acid (SA) and diwéaran, usnic acid (USA) derivatives with PL Ibf@ase and
DHFR proteins through molecular docking simulatiarséng glide module v5.5 (Schrodinger suite 20Q8fldxible
docking method. The docking results indicate thmet tibenzofuran USA derivatives are showing impvess
hydrogen bond and hydrophobic interactions with IPlprotease, whereas the depsidone, SA shows aztisy
interactions and the depsides namely, ATR and It le@st interactions. With respect to the DHFRpsldes; ATR
and LA are showing effective H-bond interactionthwiie DHFR protein active sites of the two speniadifferent
docking grids. Further, SA and USA derivatives stnewing flat interactions with the active residuwéshe DHFR
protein. From the above results, it is clearly eritdthat further studies can be attempted in desgyeimilar such
structure-based novel molecules with PL Il and DHRIRbitory activity.

Keywords: Lichen metabolites, Plasmepsin Il, DHFR, moleculacking, atranorin, lecanoric acid, salazinicacid
dibenzofuran derivatives

INTRODUCTION

The most notable area of multi collaborative effafter the genome project is now in the field ofi-amalarial
drugs. It is estimated that up to 40% of the warldopulation lives in regions where malaria is enide Of the four
different types of species ®asmodiumPlasmodium falciparuns the most dangerous form of all, responsible for
more than 95% malaria related deaths [1]. The asing resistance &flasmodium falciparuno existing therapies
such as chloroquine, mefloquine, fansidar etc [ya urged the need to develop newer leads of atierapeutic
significance.
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Recently, increased attention has been paid onptaemepsin Il aspartyl protease inhibitors Riismodium
falciparum[4] as potential anti-malarial leads in drug desighis key enzyme is one among the four catalyical
active one in aspartyl protease family involvedhe haemoglobin degradation inside the food vacugilmilarly,
dihydrofolate reductase is a small enzyme thatsgpéagupporting role, but an essential role, inbihieding of DNA
and other processes. This enzyme is involved inrégpeoduction of the parasiteBlJasmodium falciparunand
Plasmodium vivaxHence, in our research study, we tried to fingl sbitable analogues with high binding affinity,
which could be a possible lead, with respect takyeenzymes plasmepsin Il and dihydrofolate reaisect

Most of the works reported so far are on the pgptithibitors with modest activity in cell cultuf@Csy> 20 uM)

[5]. In combating the dreadful disease of this fyparticular attention was paid to natural compautitat are
produced in high quantities and easily accessibléocsynthetic modification of moieties that are exfonomic
significance. Particular attention was paid toa &eylphloroglucinols reported to possess putativg-plasmodial
activity [6, 7]. To permit meaningful investigations at molecuéuvel, isolated compounds were focused that are of
significance in developing libraries targeting theman cysteine proteases of malaria parasite,.PL I

Herein, we report the application of combinatodaémistry and structure-based design methods tdlyapentify
potent and selective low molecular weight non-gigptinhibitors of malarial parasite®lasmodium falciprunand
Plasmodium vivax In this regard, the Ilargest lichen metabolite)-snic acid, a dibenzo-furandione
acylphloroglucinol reported to exhibit weak anti{aréal activity [8] was used as scaffold to desiggwer chemical
entities with pronounced anti-malarial activity. €'lypothesis for design was based on the modificatif the
triketone moiety that has been apparently resptangib its activity/toxicity [9], the strong intranhecular hydrogen
bonding contributing its lipophilic nature therebyaking it as membrane disrupter [10, 11] and th-kaol
tautomer strongly suggest the molecule appropfiatechemical modification in the triketone moietyitout
disturbing the pharmacophore architecture of theeqganucleus [12]. In addition, the other secondidckien
metabolites reported to exhibit protease inhibifflect namely the depsides (atranorin and lecanacid) and
depsidones (salazinic acid) were also taken uptHerpurpose of the present study [13]. Thus, Uswid, its
derivatives, the depsides and depsidones werecabje molecular docking simulations using glidedule v5.5
(Schrodinger suite 2009) against distinctive malarargets, plasmepsin Il and dihydro folate redsetfor the
development of newer leads in anti-malarial drugjgie

EXPERIMENTAL SECTION

Dataset

The dataset molecules, atranorin, lecanoric a@athzsic acid and dibenzofuran (usnic acid) deivest, and
reference ligands (Artesunate & Mefloquine showkig 1) were sketched using MDL ISIS Draw and thpplied
into a LigPrep module (incorporated in Maestro $ad)urther alterations.
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Figure 1. Chemical structure of lichen metabolitesind dibenzofuran (usnic acid) derivatives

Ligand Preparation

LigPrep module v2.3 [14] was used to convert thetdiked molecules present in 2D form to 3D, hydrsgeere
added and further the unfavourable bond lengthsbamd angles were corrected by subjecting eachdiga a full
length minimization using OPLS-2005 as force fialdhile performing the ionization states of the nooles, we
retained the pH range as 5-9 with the help of E{Slophisticated algorithm and performs ionizatiord an
tautomerization together) in LigPrep. For eachndjathe tautomeric and stereoisomeric forms wereigged;
where one of the isomeric forms will have strontgiiactions with the binding sites. Decisively, I@venergy
conformation as one per ligand was generated.

Protein preparation

The X-ray crystal structure of the proteins Plassiepl, Plasmodium falciparundihydro folate reductase and
Plasmodium vivaxlihydro folate reductase were obtained from protkita bank [15-22] and further modi ed for
glide docking calculations. Later, the proteins evprepared by employing the protein preparatiorawizof the
Schrddinger suite 2009. The H-atoms were addedheéoptoteins at necessary positions and the coadligsd
ligands, water molecules were identified and remdofvem the structure. Further minimization was parfed by
applying an OPLS-2005 as force field and RMSD vaifie.30 A.

Receptor grid generation

After the protein preparation, the receptor enetggking grid was generated using the receptor gederation
panel. The plasmepsin Il proteiR®B ID: 1LEE) was associated with a ligand (R36), using this,attéve site
position and size of the active site was determidetuming the centre of the docking grid set byciosstallized
ligand, the residues of the protein were enclosé@tinvthe 10 A from that centroid. The dataset epsides
(atranorin & lecanoric acid), depsidones (salazauidl), dibenzofuran (usnic acid) derivatives agférence ligands
(Artesunate & Mefloquine) were docked in the kindeenain of plasmepsin Il protein, using glide 5.6dule in
extra precision mode (XP) by the application of MC8Monte Carlo Based Simulated Algorithm) based
minimization. The above process was repeated ferddwvelopment of distinctive receptor docking gridsthe
specified protein molecules of interest in the préstudy.

Docking Validation

For validating the glide dock program, all the pins were redocked with the native ligand and #ference
ligands, artesunate and mefloquine, the resultghich were represented and listed in Table 1.
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Table 1.Glide docking results of lichen metaboliteand dibenzofuran derivatives with respective targeproteins

Comp. | Pose3| G.score (XP)| G.energy (Kcal/mol)] H-bonds] Interacting Residues
Plasmepsin |Il; PDB ID: 1LEE
ATR 4 -5.69 -39.98 2 Val78, Tyr192
S1 6 -4.65 -36.12 1 Tyr192
Sz 6 -4.7¢ -31.5¢ 1 Ala38
S3 4 -4.21 -41.55 1 Ser79
S4 12 -4.6 -24.24 2 Gly36, Ser79
S5 12 -4.12 -32.35 1 Ser218
S6 2 -3.76 -38.17 2 Asp214, Tyr192
S7 15 -4.2 -37.29 2 Tyrl92, Ser79
SLA 8 -5.8¢ -44.5: 4 Asp34, Thr217, Ser79, Serz
USA 26 -5.1¢ -37.8: 2 Asp214, Asp3
Mefloquine 4 -6 -37.36 2 Asp214, Asp34
Artesunate 1 -3.82 -29.49 - -
R36 1 -7.71 -69.34 3 Gly36, Asn76, Ser79
Plasmepsin Il; PDB ID: 1W6H
ATR 4 -7.8¢ -40.7: 2 Ser79, Ser
S1 6 -3.22 -36.9¢ 1 Ser7¢
S2 6 -3.08 -41.18 1 Gly216
S3 4 -3.11 -33.52 1 Asp34
S4 12 -4.72 -43.9 2 Asp34, Gly216
S5 12 -4.73 -34.03 1 Ser218
SE 2 -4.44 -39.4% 1 Thr217
S7 15 -4.6% -39.6:2 1 Thr217
SLA 8 -7.79 -53.36 4 Thr217, Ser218, Val78, Asp34
USA 26 -5.04 -32.41 1 Thr217
Mefloquine 4 -6.42 -36.03 5 Ser79, Ser218, Asp2bp34 (2)
Artesunate 1 -3.86 -23.87 - -
TIT 1 -5.72 -80.71 3 Tyr192, Ser79, Asp:
Plasmepsin II; PDB ID: 1LF3
ATR 4 -6.88 -42.73 1 Val78
LA 10 -6.91 -44.09 4 Tyr192, Gly216, Ser79, Gly36
S1 6 -4.44 -29.45 1 Tyr192
S2 6 -4.36 -38.23 2 Tyr192, Ser218
Sz 4 -3.7¢ -42.6¢ 2 Gly216, Asp21
S4 12 -5.11 -39.19 4 Ser79, Ser118, Ser218
S5 12 -3.8 -40.28 1 Asp214
S6 2 -2.51 -34.99 1 Gly36
S7 15 -4.78 -38.26 3 Ser79 (2), Val78
SLA 8 -6.15 -46.21 5 Ser218 (2), Val78, Asp34, Tht2
USA 26 -5.51 -43.55 4 Gly216, Asp34, Ser218 (2)
Mefloguine 4 -7.11 -36.15 2 Asp214, Asp34
Artesunate 1 -3.2 -29.57 2 Ser79 (2)
EH58 5 -8.09 -76.24 5 Gly216, Tyr192, Ser79 (2)i/8a
Plasmepsin Il; PDB ID: 1ME6
ATR 4 -4.13 -43.42 1 Tyrl92
S1 6 -4.02 -39.8 - -
S2 6 -4.77 -43.14 2 Ser218, Gly216
S3 4 -4.08 -39.26 1 Thr217
S4 12 -4.85 -33.7 1 Gly216
S5 12 -4.6 -36.96 2 Asn288, Pro243
S6 2 -4.24 -29.93 1 Ser79
S7 15 -4.47 -26.83 1 Thr217
SLA 8 -6.27 -51.13 3 Ser218, Thr217, Asp34
USA 26 -5.4 -34.89 2 Gly216, Ser218
Mefloquine 4 -6.97 -40.8 2 Asp214, Asp34
Artesunat 1 -0.8¢ -29.3¢ 2 Val78, Ser21
IVS 1 -4.23 -58.06 3 Asp438, Glu453 (2)
Plasmepsin Il; PDB ID: 2IGX
ATR 4 -6.89 -33.25 2 Leul31, Trp4l
S1 6 -7.14 -43.51 2 Asp214, Tyr192
S2 6 -5.91 -45.52 2 Asp214, Gly36
Sz 4 -5.32 -46.9% 1 Asp3<
S4 12 -5.08 -27.97 2 Gly216, Ser218
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S5 12 -6.44 -34.97 - -
S6 2 -4.62 -40.84 2 Asp214, Gly36
S7 15 -6.17 -37.79 2 Asp214, Gly36
SLA 8 -7.3¢ -38.31 4 Alall7, Thrl14, Tyr77 (.
USA 26 -6.64 -41.75 3 Asp214, Ala38, Try92
Mefloguine 4 -8.52 -28.19 2 Asp34, Trp4l
Artesunate 1 -2.61 -28.38 2 Ala38, Tyr77
AlT 1 -5.72 -63.21 1 Trp4l
Plasmepsin Il; PDB ID: 2BJU
ATR 4 -6.42 -40.4 3 Asp34, Ser218, Gly2:
S1 6 -6.35 -40.99 1 Thr217
S2 6 -5.01 -37.83 1 Tyr77
S3 4 -5.04 -50.15 1 Thr217
S4 12 -5.96 -34.76 3 Tyrl92, Ala38, Leul3l
S5 12 -6.31 -34.22 2 Asp34, Tyrl92
S6 2 -4.81 -27.29 1 Tyr77
S7 15 -5.43 -34.33 1 Gly36
SLA 8 -4.78 -45.47 4 Ser218, Thr217, Asp34 (2)
USA 26 -5.33 -33.12 2 Leul3l, Ala38
Mefloquine 4 -6.36 -33.53 1 Gly216
Artesunate 1 -3.36 -32.65 2 Ala38, Tyr192
IH4 1 -10.59 -59.22 1 Gly216
Plasmodium falciparumDihydro folate reductase; PDB ID: 1J3lI
ATR 4 -7.66 -55.08 3 Serl1l, Asp54, llel54
S1 6 -8.13 -51 1 Tyrl70
S2 6 -8.06 -58.4 1 Tyrl70
S3 4 -8.39 -63.76 1 Tyrl70
S4 12 -7.16 -43.1 1 Serlll
S5 10 -8.01 -49.83 1 lle164
S6 1 -6.97 -43.01 1 lle164
S7 15 -8.35 -31.84 1 Leu40
SLA 8 -8.62 -47.49 2 Serl08, Asp54
USA 26 -8.51 -43.09 3 Serl67 (2), lle164
Mefloguine 4 -6.27 -37.62 1 lle164
Artesunate 1 5.1 -38.87 1 Serl67
WRA 10 -9.69 -46.35 4 lle14, lle164, Asp54 (2)
Plasmodium falciparumDihydro folate reductase; PDB ID: 1J3J
ATR 4 -7.67 -46.€ 2 Asp54, llel6.
LA 10 -9.01 -48.48 3 Asp54, lle164, Asn108
S1 6 -8.57 -55.59 2 Asn108, Tyrl70
S2 6 -7.77 -50.17 1 Asn108
S3 3 -9.21 -59.94 2 Asn108, Tyrl70
S4 12 -8 -44.95 2 Asn108, Tyrl70
SE 12 -8.1€ -46.9¢ 1 Leu4(
S6 2 -8.13 -50.71 2 Leu40, Ser111
S7 15 -7.65 -48.23 1 Leu40
SLA 8 -8.89 -50.82 3 Asp54, lle1l64, Asn51
USA 26 -8.22 -47.24 2 Asn108, Tyrl70
Meflogquine 4 -7.38 -36.62 2 Asnl08, lle164
Artesunat 1 -6.84 -36.4¢ 2 Arg122, Arg5¢
CP¢ 2 -8.5% -35.3¢ 5 lle14, lle164, Asp5:(2), Cysl!
Plasmodium vivaxDihydro folate reductase; PDB ID: 2BLA
ATR 4 -8.82 -47.28 4 Tyrl79, llel73, Asn1l7 (2)
LA 10 -8.29 -43.92 3 Asp53, Met54, Arg131
S1 6 -7.2¢ -45.6: 2 Asnl117, Alal!
Sz 6 -5.91 -47.7: 2 Arg58, Thr4«
S3 4 -6.27 -52.34 2 Asnll7, Alal5
S4 12 -7.39 -39.34 1 Leu39
S5 12 -6.79 -44.61 1 1le173
S6 2 -6.01 -44.35 2 Asnll7, llel73
S7 15 -6.32 -29.82 2 11e173, Asp53
SLA 8 -7.4 -45.3¢ 3 1le173, Asp53, Trp4
USA 26 -7.67 -34.86 2 Ser120, Arg131
Mefloguine 4 -6.23 -40.41 2 Asp53 (2)
Artesunate 1 -7.48 -36.96 1 Arg131
CP6 6 -8.47 -36.01 5 lle13, 1le173, Asp53 (2), @ys1
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Plasmodium vivaxDihydro folate reductase; PDB ID: 2BLC
ATR 4 -9.58 -45.47 3 Asnl1l7, Asp53, llel73
S1 6 -6.73 -46.99 2 Asnl117, Tyrl79
Sz 6 -7.8¢ -5156 2 Arg131, Alalt
S3 4 -7.57 -54.12 1 Alal5
S4 12 -7.31 -38.71 2 Alal5, Asnl117
S5 12 -7.58 -45.68 1 Leu39
S6 2 -7.87 -48.99 1 Leu39
S7 15 -7.62 -38.14 1 1le173
SLA 8 -9.47 -49.5] 4 Asn50, Asp53, 1lel73, Trp:
USA 26 -7.68 -43.45 1 Leu39
Mefloguine 4 -7.26 -39.24 2 Asnll7, 1le173
Artesunate 1 -7.33 -32.84 2 Arg131 (2)
CP7 8 -9.83 -33.85 3 lle13, lle173, Asp53
Plasmodium vivaxDihydro folate reductase; PDB ID: 2BL9
ATR 4 -6.73 -51.4 3 1le173, Asp53, Asn50
S1 6 -7.83 -49.97 1 Tyrl79
S2 6 -6.66 -47.13 1 Tyrl79
S3 4 -7.88 -57.4 1 Tyrl79
S4 12 -7.12 -39.51 2 Alal5, Leu39
S5 12 -7.49 -47.62 1 1le173
S6 2 -7.82 -45.34 2 Leu39, Ser120
S7 15 -7.85 -44.04 2 Leu39, Ser120
SLA 8 -8.05 -50.09 4 Asn50, Asp53, Trp47, 1le173
USA 26 -7.3 -36.45 1 Serl20
Meflogquine 4 -6.53 -36.88 2 1lel73 (2)
Artesunate 1 -4.28 -35.59 1 Trp47
CP6 4 -8.45 -35.4 4 lle13, 1le173, Asp53 (2)

“Number of poses generated per each ligahdimber of Hydrogen bonds
RESULTS AND DISCUSSION

Molecular docking simulations were performed witle lichen metabolites; atranorin, lecanoric acédazinic acid
and dibenzofuran (usnic acid) derivatives as mallddrget ligands on plasmepsin Il (PL Il) and ditoy folate
reductase (DHFR). The purpose of the docking stuidi¢o identify the binding mode of lichen metatasl and the
molecular interactions between the ligands andtdinget proteins PL 1l and DHFR protein. Hence, #spartic
proteinase PL Il was retrieved from 5 different m®s Plasmodium falciparumPDB IDs: 1LEE, 1W6H, 1LF3,
1IMES, 2IGX & 2BJU) with effectively bound co-crydiiaed ligands and each single ligand was docketh \Gi
PDB IDs of the same protein in order to find out #ffective binding residues present in PL Il pirotand the
pharmacophore groups of the ligands. Also, weaetd DHFR from two different species and differsotirces,
respectively, Rlasmodium falciparum?DB IDs: 1J3| & 1J3J anBlasmodium vivaxPDB IDs: 2BLA, 2BLC &
2BL9). The docking studies were performed usindegh 5.5 in flexible mode and the results represint Table
1.

The docking results describes that the lichen noditals atranorin, lecanoric acid, salazinic acid aibenzofuran
(usnic acid) derivatives are showing good hydrdgemd interactions with PL Il with glide score ramgifrom -7.85
to -2.51. It is evident that the docking ligandsénaffective H-bond interactions and hydrophobintact with the
active residues viz. Thr217, Gly36, Ser79, AspXer218, Tyrl92, Gly216, and Tyr77 present in thdlRirotein.
While looking into the docking studies, it is clgaevident that the lichen metabolites have betigrding
interactions with the above specified active resglaf PL II.

Of the docking ligands, the depside, atranorin (ATRs shown good hydrogen bond interactions withyntd the
active residues in each docking grid, like Tyr182r79, Ser218 and Gly216, with a glide score ranffiom -7.85
to -4.13 and the ligand, lecanoric acid (LA) haswh good H-bond interactions with the residues 8er79,
Tyrl92, Gly216, and Gly36, with a glide score ranfe6.91.

The depsidone molecule salazinic acid has shovecife hydrogen bond interactions with active rasidhr217,
Ser79, Ser218, and Tyr77, with a glide score ranfiom -7.79 to -4.78. The dibenzofuran moleculsicscid has
shown hydrogen bond interactions with Asp214, ThHrZ3ly216, and Ser218, with a glide score rangiogf-6.64
to -5.04. The dibenzofuran derivatives S1-S7 mdé=cihave shown acceptable hydrogen bond interactioth
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plasmepsin Il. In that, the ligands S2, S3, S4a86 S7 have shown good H-interactions with thevaatesidues
present in the respective grids but the compouridarl S2 have not showing any type of interactidtin the
residues present in the 1IME6 and 2IGX docking gridswell, the reference ligand, artesunate hasshotvn any
type of interaction with the residues present mehergy grid of PDB IDs, 1LEE, 1W6H and 2BJU.

Similarly, the glide score illustrates that all thecking ligands are showing effective hydrogendarieractions
with dihydro folate reductase protein Bfasmodium falciparumThe docking ligands are showing acceptable H-
bond interactions with residues Asp54, llel64, A)1Tyrl70 and Leud0 present in dihydro folate ocedse
protein of 1J3I and 1J3J docking grids. Of the dkgss atranorin (ATR) and lecanoric acid (LA) ah®wing good
hydrogen bond interactions with residues Asp54 8edl08 and lle154 of 1J3I docking grid and withicess
Asp54 and llel64 of 1J3J docking grid respectiveymilarly, salazinic acid shows good hydrogen bond
interactions with Ser108, Asp54 and lle164 prege@HFR protein of 1J3I and 1J3J docking grids. Tést of the
dibenzofuran derivatives are also showing good dyein bond interactions with active residues of DHiF&kein.

Likewise, docking results of certain ligands agaibslFR of Plasmodium vivaxvere impressive with its effective
binding mode against residues llel73, Asp53, lleh8 Asnll7. In these ligands, ATR and LA are shgwin
hydrogen bond interactions with Asp53, llel73, Ashland Asn50 in 2BLA, 2BLC and 2BL9 docking grids,
respectively. The depsidone moiety SA also shows@able hydrogen bond interactions with the resdie173,
Asp53 and Trp47 in three docking grids. Furtherthef dibenzofuran derivatives; USA is showing hgsno bond
interactions with Ser120, Arg131 and Leu39 in thdeeking grids and the ligands S1-S7 are showitigfaatory
H-bond interactions with the residues Asp53, Asnlllgl73, Tyrl79, and Leu39 in the same dockinglgri
wherein the reference ligands docking results aved to be supporting and are evidences to theecésp lichen
metabolites and dibenzofuran derivatives. The biganode of lichen metabolites with PL Il (2BJU dimgkgrid)
and DHFR (2BLC docking grid) are specified in Fig@and Figure 3, respectively.

LUNK 900

2BJU - S1

2BJU - S3 2BJU -S4
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2BJU —IH4

Figure 2. Binding mode of dibenzofuran (usnic acidjlerivatives S1-S5 & S7, Salazinic acid (SLA), Usnacid (USA), Mefloquine and
Artesunate with Plasmepsin Il (2BJU docking grid)

2BLC-S1 2BLC - S2

THR 44

LECT4S)

2BLC -S3 2BLC -S4

94



D. Chamundeeswariet al J. Chem. Pharm. Res., 2014, 6(6):86-97

2BLC - S5 2BLC - SLA
2BLC - USA 2BLC —Mefloquine
2BLC - Artesunate 2BLC - CP7

Figure 3. Binding mode of dibenzofuran (usnic acidjlerivatives S1-S5, Salazinic acid (SLA), Usnic at{USA), Mefloquine and
Artesunate with Dihydro folate reductase (2BLC docing grid)

On comparison of the binding mode of lichen metiébs| depsides (ATR & LA), depsidone (SA) and dibefaran
derivatives (USA) on the target protein PL Il, tienzofuran derivatives have shown effective hgdrobond
interactions with the active residues present ia filve different docking energy grids, followed Ibyoderate
interactions in the depsidone moiety salazinic da@ging good hydrogen bond interactions of thevactesidues
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respective of the five energy grids. Further, & depsides, atranorin (ATR) and lecanoric acid (L4 is showing
more effective H-bond interactions with PL Il priote

With respect to dihydro folate reductase (DHFRPtdsmodium falciparumthe depsides moieties, ATR and LA
are showing satisfactory H-bond interactions wittive residue Asp54 in the 1J3I and 1J3J energyamd lle154
& lle164 of the two energy grids, respectively. 8arly, the depsidone moiety SLA is showing moderkt-bond
interactions with the active residues of the tapgetein. Furthermost, the dibenzofuran derivatizesalso showing
moderate binding interactions with the DHFR protéincase of DHFR oPlasmodium vivaxthe depsides moieties
ATR and LA are showing better H-bond interactiorteew compared to the depsidone moiety SA and dilferao
derivatives. Salazinic acid followed by dibenzofuderivatives is worthful in the docking studiesgt the target
protein DHFR.

After analyzing the docking reports of the licheretabolites atranorin, lecanoric acid, salazinicdaand

dibenzofuran (usnic acid) derivatives against pkssm Il (PL 1) and dihydro folate reductase (DHFRRalarial

proteins, it's concluded that in the case of Plpibtein, the dibenzofuran (usnic acid) derivatiees showing
effective hydrogen bond interactions with residiiés217, Gly36, Ser79, Asp214, Ser218, Tyr192, Gby2dnd

Tyr77 with satisfactory glide score of the five #ing grids. With respect to DHFR, it's revealedttttee depsides,
ATR and LA are showing effective binding interactowith residues Asp54, llel64, Asn108, Tyrl70 &u4e

(Plasmodium falciparuinand 1le173, Asp53, llel3 & AsnllPlasmodium vivaxyith good glide score.

CONCLUSION

In the current study, several molecular dockinguations were carried out using lichen metabolagsnorin,
lecanoric acid, salazinic acid and dibenzofurarnvaéres (usnic acid) against aspartic proteindasrpepsin II-PL
Il (Plasmodium falciparuinand dihydrofolate reductase — DHHR €alciparum, P. vivax}to determine the binding
mode, binding energy and hydrogen bond interactadigjands with respect to the PL Il and DHFR pios. The
docking studies were carried out using glide modue5 of Schrédinger suite 2009. For this, we esteid
distinctive PDB IDS for a single protein (PL Il; BODs: 1LEE, 1W6H, 1LF3, 1MES6, 2IGX &2BJU, DHFR; BD
IDs: 1J31 &1J3JPR. falciparum) and 2BLA, 2BLC & 2BL9 P. vivay. The active residues were finalized based on
the co-crystallized ligands interactions presenthia retrieved PDB IDs and on the reference ligantiractions.
Based on this active residues analysis and theimpdlesults of the docked ligands, we conclude tinet
dibenzofuran derivatives (usnic acid) are showiffgctive hydrogen bond and hydrophobic interactiaith the
target PL Il protein. The depsidone molecule salazacid shows moderate interactions compareddaldpsides
atranorin (ATR) and lecanoric acid (LA). With respéo the dihydro folate reductase, depsides; ATR BA are
showing satisfactory binding mode, binding energgl &-bond interactions with the active residuesent in the
DHFR protein active sites of the two species ifedént docking grids. Further, salazinic acid affaedzofuran
derivatives are showing flat interactions with thetive residues of the DHFR of different energydgriThese
docking results are expected to be helpful in desgnew chemical entities and further structueelopment of
atranorin, lecanoric acid, salazinic acid and didoémran (usnic acid) analogues against aspartiteimase
plasmepsin Il and dihydro folate reductase proteins
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Glossary of abbreviations

Al1T 5-pentyl-N-{[4'-(piperidin-1-ylcarbonyl)biphenyl-§methyl}-N-[1-(pyridin-2-ylmethyl) piperidin-4-yl}
pyridine-2-carboxamide

ATR  Atranorin

CP6  5-(4-chloro-phenyl)-6-ethyl-pyrimidine-2,4-diamine

CP7  6-ethyl-5-phenylpyrimidine-2,4-diamine

EH5  N-(1-benzyl-3-{[3-(1,3-dioxo-1,3-dihydro-isoindol-@)-propionyl]-[2-(hexahydro-benzo[1,3]dioxol-5yl
ethyl]-amino}-2-hydroxy-propyl)-4-benzyloxy-3,5-di@hoxy-benzamide

IH4 N-(R-carboxy-ethyl)-alpha-(S)-(2-phenylethyl)

IVS 3-hydroxy-6-methyl-4-(3-methyl-2-(3-methyl-2-(3-nhet-butyrylamino)-butyrylamino)-butyrylamino)-
hepatonoic acid ethyl ester

LA Lecanoric acid

R36  4-amino-N-{4-[2-(2,6-dimethyl-phenoxy)-acetylamip®-hydroxy-1-isobutyl-5-phenyl-pentyl}-benzamide
TIT N-((3S,4S)-5-[(4-bromobenzyl)oxy]-3-hydroxy-4-{[Nsyridin-2-ylcarbonyl)-L-valyllamino}pentanoyl)-
L-alanyl-L-leucinamide

SLA  Salazinic acid

WRA  6,6-dimethyl-1-[3-(2,4,5-trichlorophenoxy)propox¥]6-dihydro-1,3,5-triazine-2,4-diamine

USA  Usnic acid
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