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ORIGINAL ARTICLE

Multi-Target Potential of Moringa oleifera-Derived Compounds
against cariogenic and Endodontic Virulence Proteins by
Molecular Docking Analysis Revealst Research Article|
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ABSTRACT

Introduction: Dental infections, indudng cariagenic and endadantic
conditions, are mullifactorial dsesses, nduding backenal adherencs,
Biafim farmalion, and LEsue damage. Furlhermoes, genetics, as wall
&t enviraneiental and behevioedl Taclors, mluenos dissasa ansel,
susceptilility, and pragressian rale. The prograssion of the deease and
ils chrical manfastations sre caused by he interadion belwaen Lhe
hest imeung system and the Bacteria fund in dental plaque. Potenlial
dubislitules for current anlibiabics are being shdisd, including natural
cirnpauncs with broad-spactrom anlibacterial properies. Moigs
ovenfers, & medicnal plant that has lang baen wed to trsal Syslemic
and oral dissasss, & one of the ralural sources, |Th'u shudy aimed ko
systematically evaluple the inleraction profiles of four Morrga
aleilera-darivad  campounds m;ainsl mulliple virulerice-associaled
proleing of carigenic Brd endodontic pathogens using in sl
rnikacular m:king.|mthnd:: Thie study was canducted by molecular
docking Srmulaiong 1 assess Lhe binding ensrgy of four M o
derived LIJI'r'ﬂIJuI'IﬂEr-EI.IEEI'HH, lrang-anethale, arachidonic ackl, and
plvtosphingasine-lo five importan virdence-assocated proteing from
key caripenic and endadonlic pathogens af Cystalysin, Srph, Fmd,
RadD, and Ddl. dutoDack 4.0 wes utilissd in docking simulations.
Results: Phytosphingasine-Ddl exhibited the lowest binding ensngy of
-7.42 keal'mal, followed by eugenal with three different receplars-
Cyatalysin, Srph, and Fimd-and erachidonic acid-RadD. The lowest
irhilition corstant wad sheen by the phytosphingasine-Ddl complex of
361 pM. Each compound inkeracted with various Largels, but
plvtiphingaging exhililed the mest corsistent and widespread
pradicted binding wia Ipdragen bonde of GEu22, A9, Gui06
A8p2a3, Lysdsl, and hydrophobic inleractions of PheBs, Phe2dh,
Phal?s, and Leul45. Conclusion: Thess fndings demarstrale that
plvtesphingasine can disnapt mulliple viruencs processes, highlighting
it potential & & supglementary (herapeutic ansnl in conservative
derilistry.

KEYWORDS

Malecular Docking, Moviga slaiens, Periadonkils, Carioganic palhogens] Vindencs faclars

LICTION |
e inflamriatiry condiion eaused by infectian Wet affects the hard end sl

lizdues al the oath—duch as anamel, dantin, pulp, Bnd penapical liSduss—s
charatlenstic of various dental diseases in e figld of conserdative dentistry,
inchuding cariogenic and endodonlic infections!. Furthermare, he develaprent of
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e dsee, e axpobure of vulnerabile indivilusk o its ancet, and Lhe rals of
advenicemenl are 8l infuenced By gerelics ag well & emdronmental and
behaviaral variabies. Mulliple fackars contribule Lo the aetiaky of periodoliis®,
In & vulnesable host, subgirgival denlal bifilm triggera an inammalary and
immuralogical reaction Lhat wtimalely resuls in the iresverdible destrctian from
deradl lissee o the parodontiom, which indudes the alveolar bane and
peripdantal ligamenl’, Subgngval hactena, Weir virence fackars, and host
immunaligical respanses cenbing inricalely Lo cause imevarsibie damage. pul
necrasi and pericdantitis, & multifackarial inflammatory dissage. The formalion of
arganieed, mulispecies bofilns and the cocedinaltion of dverge baclenial aclics
Lo cokonize, persist, and harm pericdantal issuss are impartant espects of dissase
pragressian’,

These varows sruence mechangms ere deronstraled By & rumber of
praleing from eommon oral pathaoens: RadD, en adbesin necessary far
ifferepecien onpgreqalion and expressed by Fusshacterivh muckatu links
early and late colonizess in the denlal plague makrix o promote the production of
eiriples Biofilma’. The sering-rich repesl adbesin Srph, which s praduced By
Stretoeoers sangens, binds salivary qhvooprobeins and fadlilabes aarly baclerial
adhesion b Woath suefaces srd alfer micracrganisms, @arling the formalicn of
biafirns’, To adhere Lo host epithelial cals, invade aral tisues, and co-aogregals
wilh oiher paliogenic bactedia Lo sustain melwe bifls, Forpfyroons
v ulilizes Fimd, & key fimbrial prolein’. Sastecscos anbas' D-alaning:
D-alarinie ligase (D) 08 & key enzyime 0 (e bissyithess of peslivagheans,
prasarving the intagrily af the bacterial call wal, alowing For survival in Lhe aral
caily's acidic amd imenunolioically demanding envianment, and indiractly
pramoting biglim stabiily by preserving bacterial viabiily'. Finally, the PLP-
dependent L-cysteing desultydrase Cystalysin, which is secreled by Traoanema
céralici, ireaks iwn Nosl cystene Lo produce Iydrogen sulfide and amimana,
These substences harn epithelsl cols, dsrupt bssue bariess, and irigosr
inflarmmmatory responses thal contribote o e degradation of denlal and
surrouriding aral lisuss”.

More research & being conduclzd an nalurel substances wilh broad-
spaddrum antimicrobial activiies a5 potenlial substibules Tor existing antibiolics,
parbcularly Uhase that Largel bacterial virdlence ralher than viabilky. Praming
eandidales mclde phyiosshingsine, arachidonic acd, trens-anethale, and
eunenahinaclive pampounda thal have been shawn o have ankbacteial ank-
irflernmalory, and biofilm-disrupting qualies'™  The slruclures of the
eripaund were presznled in Figures 1. However, Morings o, a medidngl
plank Wt hias Jang been used o lreal systemic and aral infections, conlaing &l
four of thass compourds™ ., Al he compounds were Tound in he exdract based
on e dala of e acdrac's LC-MS analyds. The apphcalion of compownds
praduced froen M. saiked i consistent wilh new approaches Lo managing
pericdantites, which seek o reduce the develogmant of anlibilic resistance while
irterferinig with bacterial vinlence fackors and biafim formation™ 7,
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Camprehangive dudies .!S&Eilﬁg Ihe efficacy af nalurdl compourds againﬂ.
ke virulence Tachors invalved in carioqenic and endidealic infeclions rémmain
e, desgile gromiryg inleresl in thes coripaunit a4 allsnalive arkinicrodial
agenls. Four compounds derived from & oielera, eugenal, fransanelhole,
arachidonic acid, and phylosphingasing, are avaluabe] simultansously Bgainst &
gelectad group af five virulence-assacialad proleing fram majoe aral badera,
These proteins of Cystalysin, Fenk, D, Srph, and RadD represenl varioLs
shecharisis of adbesicn, biofln larmation, cell surivl, and Lissue deslruclion,

The ravelly of thi study lies i the simullaneous mull-teroel svaluation of
Uhaga Tour ratural compounds aqaret virulence-ralaled pralging, & Bpproadd el
Has Aok been reparted presiously. This study s Lo ascertan the binding
alfitiies and gredict the mleraction profiles of thess Aalural carpourids, identify
the campeunds with the strongest polential L inhitit mullile viruenes tangels,
and provide compulalional eddence suppoeting futher axploralion af M. algilara
corislilusnls & Bﬂth‘.!ﬂL BPEI'IE in the presantian and treatmend of pE’iﬂIIII'ILH.i!

wsing mialeculer docking simulaicns,
]
@ Revicowsr w o f

METHODS That Imaedision sheld daady

The i stieo methd was employed t conduct the research, which nvolved :vaﬂmrﬁﬂlwm B i (1, “Tha el et
mslecular docking simulalions o delermiine the moecular aclivity of eadh fmmRE
cornpaund Lowrds sgeciied receplars, The three-dmenisonal srurtures of each 77wl ey e et o
recenlor wers obained fom lhe RCSE Prolen Dela Bank websile o .
(hitgs:fwwn.resb.ory). This study used five recepioes: Cystalysin (FDB I0: ¥ Many F Amin
1C70), Sk (PDB ID: SEQ3), Fimd (DB I0: £12K), RadD (PO [0: 7871}, and Tharic e for g vallabie askac Wi bave muisad
Dl (PDS 10: 7U9K), e referance igands wers wsed for each arget pratein: the 02 it Inreckarien decerediegy. Th Lpeliseed vslon ress
mmmlwnmhmmmmmmmmcmmm diary swns vk relny o tils Mg by agpllddy

Hhal was erystalizee! togethes with the protein in e PDB structure, reresening suasiiina b sl deing
e ratural Bincling eanformation within the active sils, The pasitive cantrol refers

b it e exetpsuine Uhal has bisen preiously ressorledl Lo inkeraet with the [ resiv

eorrespanding largel poolen_and i includedd o provde a relerence for
coriparisan with the dacking pefirmance of he ledted phylachesnical

eoenpaunck|L-argining for RaoD, D-glyceserine for Cystalion and Ddl, HewSGeir & B Fovicwar o F
Srph and GablA for Finh were the thras pesitive enntrols ulifeed in this 3 . .

Al of the siruetures were cblines fram PLbChen with CIDs 67427, 440001, e o
6234, and 35717, Four compounds-arachidanic add, eudenal, phioiphingodine, eplesapa dor Dl GalbAr dor Ard)L Shew RO doding
and fravsanalholefound in M aleile wene acamned for their cagacly 1o FAETY o gt (i v vl ok bt s aved Rt
infarfera with virulence atoes of periagortibis, The structures of arachidaric acid,

eucendl, pltoaphingadne, and fansanethale were oblained from the PubThem §  MeinyF bimin

wabaie (hllps:/ fpubchesnncbinlm, i god) wih CI08 of 444895, 31314, 122421,

and 37563, respectively. Aler downiaading each iand siructure in SDF formal, E“m ﬁ‘:ﬂg:ﬂm“m‘"m“

thay ware all comeded o pdb format end oplimized l.IEII'K_] ChemaD Ultra 12.0° legapacks. Wt lgarks pwmina el P vl Bsleny
MM2 energy riimizer, To velidate the docking protocal, we re-docked eadh 0L, releatves mond demarnarn it da

orginal ligend b s respective prolein binding sle altes remening it fram the

ariginal eryalal shructure, The reck mean square dedation (AMSD) between the |
docking pase and the erystalligraphic pose wes calculate o assess the reiabiity Ragly

of the dacking selug. An RMSD value < 3.0 f was eonsidersd acceptable,
irdicating thal the selected docking paramalars were abls to accuralely reproducs

the axperimentaly abserved binding conformation. The RMSD re-taking vaiues @ Reviowar il
are ablained n Tabel 1 and Figure 2. Plase add o peciive ool dor Spb
bl 1, Grie st giissinalie e gach riceptas| ! §  Mainy F Amin
T Thaarke e for o comendit That peclive eoeiel for
Receplor's name  POBID  Paiithe Cantrol ”—'""'i#“l— RMSD SHph b b ke
Cibakgdn it} Deglpiziiing  15A1  B4F XM LAY
) [T hailc 15060 1148 UG IAME | Reaiy
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Figure L Ri-dscking condormation for {a) Cystalyain, (b) Srph, [c] FimA, {d) RedD,
and {g] Dl

(e fubiick 4.0 popiication was used to cary aut the maleculer docking
simulations. Every recepler and ligand in POB farmat was converted Lo
foeriial befare the srulalions commenced. For avery receptar, a 40 hespAx 4
i i b s e, T iriey spoecific , y, anil 2 corlinates of the grid certer,
Each receplor's cocrdingles were provided i Table 1. &1 of the raceplord wars
subjected 1o & 0375 A spacing. The binding anergy and inibitian constant for
envery recenlor-figend comglex wars analysad. Using Discovery Studio 2020, sach
receplar-ligand coempies interaction was sxamingd and illstrated. & graghic was
crealed Lo illustrate the hydophobic and fydrogen banding miteractions of
receplar-ligand mnberactions,

k1

m#me rn|ur orpourkds derived from A, aiifera showed different affvilies for
the five Laret proteing according Lo maleeular dacking senulitions, The lowesl
fi&., sirongest) binding energies were typically displayed by the rative ioands,
with RauiD (-8.27 heaijimei) and Dl 5,94 kealfmal) being especially remarkabie.
Eugenal shawed consstently favorable binding energies seross Lhe majarity of
ternels amony the investinated natursl compaunds (-5.64 ko -1.46 kealjma)
fillewed by trans-anethale [-5.17 to <361 keal)mal) and arachidaric acid (5,13
bt ~1.73 aljmel). The eost depriveel binding was found foe plytosphingosing,
sarbiculaly wih Fith (.74 kealmal) and Srah (268 keaifened). Positive candrig
dempnstrated varied binding, wilh RedD [-178 kealimel) pedferring least
fvirably 2 Dl {-6.00 kcaljmed) perfarming e besl. Siilar patlerns were séen
in ealculted infibibon eonstants, Aeross ol Largsls, the compounds shiwed K
valhied it the neseenolar b millimalar range: native Igand binding o RadD (0,59
w07 pM o B9D M) and Dl (028 w107 M) had the lowesl (strangest) Ki
Hiswever, the Ki vaes of the comgeunds were higher (weaker) than these of
Wieir respective pashive contrels for & numder of targels, parlicuiary Srpd and
Fimh 54290107 UM or 54.29 mM for arachidonic acd binding to Sk and
5330010 M for phylosalingasine Linding Lo Fimd, The ihibition constants of
each comgles igand and receplir were presentad in Tabile 2.
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The M. ciaiea compounds formed mulligle hydrogen bands aerass several
Larnals, dhabilizing their binding in active ar binding sites. The nalie ligand-Ddl
erxiplen sheed the ok ydrogen bands amang ather comglexes, congsling of
Lyal3D, Asn305, Glu2il, vallg, GinZl4, Qui, Ty2db, Serldd, Gyldz,
harE, SerlB3, and Lys251. Among the compaunds, phylosphingesing formed
ghrang Fredrogen bonds, with phylashinoosine-Ddl greserting e mast hydragen
bonds compared o other receplors, with residues GIUE2Z, Arg291, Glu306,
hap293, and Lys25). Hydrophabic inlerections were mosl abundant for
arachidonic acid and phitosphingesine, which enganed numertus Rydrophobic
residues arriss targels, including Cyal71, Val9e, Valae, Alass, Hs206, Ne205,
Val38, Ala243 for arachidonic ackd binding bo Cystalysin and Yalse, Valg, lle20s,
His206, Lysd3E, and AlaZ3s for phylosghingesing bindng Lo Crslalyan,

UESION
HSCTHE smjlemuﬁ Miviga oledera-derived compounds a8 poleritial muki-
Larryel inbibilars af key proleing invalved in vanaus slages ol canogenic and
endadantic pathogeness. Molecular dacking and in-depth study of hydragen
Bonding and hydraphabic intéractions o delsnming how s compaunds might
irerlers with adbesion-ralaled reeaphing, apeymed réduired Tor badenal surdval,

Volumi &y Mumbar ®, Menth 2003

0 Reicwer s
Ditselbad that RIS obialred e ot Rtsitarch, Thet aues
ol

aralyms, avaluangs ard Inemgms and oorgants B lasst
redreys with Andres

¥ Mginy F Amin
Thaarke e dor i valuable corvenaet Thi Disasdon
Saiee b Pe i el mlsad Wi b

gk e paracra P, added dhapar analials and
IFaapradan of i Ardngs



L Fabimii, ol &

and faclors hat contribule o host Egee damage. The resulls offér new ingights
inta the ability of & ofaiErs campounds o Ssrupt mullipe virdenoe mechanisms
relevart to dertal infeclion progressicn, Mghlighling  ther  pobenlial  2g
supplementary agents in comprehensive conservalive dantal therapy'™ 1.

Inberaction patential of faur compaunds dered fram Moo seiensextract
agairsl key virdenpe-assodiated prolens of cariogenic and endadanlic palhagens.
Soaring functions ere wed by docking programs ba estimate this binding energy™.
A Binding energy, & numerical degiction of the interaction babwesn a ligand and a
pratein, can be estimated by maleculer docking softmare. The sensitivity af variouws
goaring funcliond W warows Kinds of nberactions (Such as hydrophabic amd
hydrogen Bonding interactions) may vary. Higher Binding affinities are generally
indicalad by lower [more nagative) binding enengies, which akso imply a mare
slabde amd favorable inberadions™ =, Aocording Lo the docking data, almest all
b=t ligands farm 2—4 Fedrogsn bands, mamly with key residuss such &5 LysX38,
Tyrl23, His206, Ala39, and Val59, Thess reddies are part of the same bnding
pockel a8 e mative Bgand, so the interaction of L bt ligand can be sad o
arverlap with Lhe plvysiological Binding site. This averlap indicales that tha Egamnd
i5 ghle Lo inhibik the probeoldtic activity of Cystalysin throwgh direct compalition
wilth e nalural Bgand. The graaber the number af H-bonds, the mare stabls the
irteradion, and this i congistent with the relatively law &G and Ki values'™.

In Srpdk, L best ligands generally farm 1-3 H-bands, with important residues
Fuch as Lys340, Lys373, Aspd34, Thrd72, which are kEnown 0 b locatad in the
siglic-acid-bindng groove of Srpb. When & Egand interacts wilh thess residuss, it
indicales that the Bgand is n Lhe same localion a5 nalive dialic add, so the
inberaction can be qaid la be overlapping. Lgands with lower &G [Campound 3
ar &} also typically show strondger averlap, indicating patential & Srpd—sialoghcan
adhaesion inhibitars.

Ligands ta Fimd shaw Lhe fomation of 2-3 A-bonds wilh residuss sach &
Lya59, Serds, Gludl, vallls, which are residues corredponding o the nalive
ligand inkeraction she (generally in the adhegin greove). Whan the kel ligand
bring L thess residuss, thair inkeractions averlap with Lhe native binding packet™,
indicaling thal the gands can block Firmd sdhesion. Some Bgands also interact
thrawah hydrophobic contacls (Lewld4, 7?3}, enhancing the sabiity of the
cormpike.

Maarmehile, RadD showes & wery Similar interadtion patlem: hgends fom 1-3
H-tonds mainky with Gly3a, Argd5, Tyrl85, Lys?3, residess thal are parl ol the
FadD interaction damain. Mast ligands shdee averlag with the nalive Bgamd binding
gile, especially i they interact wilh Arg and Lys, which are the main eectrstalic
résidues in RadD. Mare negalive &G values for some ligands mdicale the pmabential
al ligards to competilively dirust the RadD adhesian mechanism™,

I Ol ligands form 2—4 Mpdrogen Bonds, mainky wilh active regidues such
as GluZ23, AspdoE, L5l Phed5 These retiduss are localed in the calahtic
pockel, a0 the interadions of Lhe test Bgands can be calegarized as averlapging
wilh the mative active site af the ligand { S-alanine substrate). Ligands that interacl
wilh Gu2d3 or Lys251 usually have the graalest patential Lo nhibit the formation
af D-Ala-D-ida, which is critical Tor cell wall Biosynthesis™,

Figure 3. Confermations &f the nativi 1 4. M. oieifer 4, and itk I
at Srzd (&), ligand confermational positioning réeceptar, and (B} Cloniz-mp wiew.
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Figure 4. Molecular interactions of SrpA receptor with (A) Arachidonic .el, {8) sugenol,
(€) native ligand, (D) phytosghingesine, (E) posith |, and (¥} trans

Figure 5. Conformations of the native ligand, M. sdeera com pounds, and positive controls
at Cystalysin {A), ligand conformational positioning receptor, and (8) Close-up

view.
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Figure 6. Molecular interactions of Cystalysin receptor with (A) Arachidonic acd, (5)

eugenol, (C) native ligand, (0) phytosphingesing, (£) positve comtrol, and (F)
Lrans Ancthobe.
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Figure 7. Canlermations &f the nativi i 4. M. oieifr 45, and itk I
@t Fimf (&), Bgand cenfarmatienal pasifioning recegtar, asd (B} Clase-up wisaw,

g VLT
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[] Ll [€]
T 1%‘:"\& _r((}- 1 - r '*é
' F,{?P \ ﬁ : L'I 'uj\\,
[o] le] 0
Figure B, Moloular Eferackions af Fima with (A} hidanic a<id, {B] ugiznal,
€] T d; (D) i i i [E} It costrol, and [F} frane-
anEtEoin

The comglexes of igand-recepbor stabilizad their binding in acive or Binding
siles by Tanming numeniws hydrgen bonds across several Largels with impartant
catalylic or Binding-sile residues”. Lovwer [larger) binding energies and maybe
stramger inhibilory elfects ana the autcome af compounds thal can Tarm hydrogen
bonds, These compourids are thus mare §kely 1o stay anchored ingide the aclive
gile. For melance, eugendl formed Pedrogen bomnds with Lys238 amd Tyrl23
Cyslahysing, imgartant calahylic residues essential far PLP-dependent aclivily. This
deep connection reises the pogsbilly of significant eneyme funclion disrupbian.
Phytoaphingasing prasented the mast Fydrogen bends campared Lo he other
corpaunds, which qensrabed an axtensive hvdrogen bond comples. Hydrogen
bond mebworks are Iydrogen bonds that connect the side chaing of numenows
residues thraughout the probein, Hydrogen band nebwarks stabilize the averall
prakein structure and have bean shown b play & rols in eclivation and alleslans™,
Ewgeral alsa forms a faidy strong hydrogen bead with the receplar, which is
characterized by the number of Fydrogen bands Tormed. These polar inleraclions
imply thal these subslances can successiuly slabilise their bindng Lo wilal
wruence probeing, which may intefere wilh e mechanisms of baclerial
colafizalion or gurvival™. The confarmations af &l the ligands were illusirated in
Figures 3, 5§ 7 19, and 11 followsd by the malecular interactions of hydnigen
bBonds and pdraphobic inlerachiaons foe 2ach ligand n a specilic raoaplar weara
demorétrated in Figures 4, 6, 9 10, and 12. Each ligand was presentsd in
dilferent calor far easer identificalion of the inleractiong in thase hgures, rad far
nilive bgand, biue for positive control, arenge Tar arachidonic add, purple far
augamal, grey Tor phylasphmoasing, ard yallow for rans-anethale

By encouraging van der 'Waals inkeractions with nonpolar residuss in probein
Bindng Sites, Fedroghobic inkeracang play Bn equally substartial rale in Bgand
alfinily in makscular docking. These inberactions can be masimisad by compounds
wilh lang hydrapholic chaing or aramalic sections, which imgrese Birding stabidily
and Fydrigen band complemantarity™ . Plviosphingosing and arachidanic acid
shawed the mast frequent hydraghabic interactians among a number of Largets
in thi analysis, inleracting with & wide variely of hydrophobic residues aomass
tamels, such as Phe25s and Leulds in Ddl, 873 and LewllS in Fima, and Ala39
and D205 n Cyslelysin. Far Bpaphilic compounds, which depamd an ambedding
inta pdraphobic pockels o establsh afective binding, e interadions ans
esperially significant. The madarale-lo-strong binding energies seen far these
cornpaunck are axplained by Lha presance af extensive fydrophabic inaradions,
which in same cases are coupled with hydrogen banding, This supparts the
cormpaunds’ patential a5 mulli-Largsl nhibions of oral backerial virulenos Taclors™,
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Figure 10. Conformations of the native ligend, M. oleifers compounds, and poaitive
cestrols at RadD (A), ligand coaformational pesitioning receptor, and (5) Close-
up view.

—
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@ CIER A
Figure 11, Molecular interactions of FmA with (A) A hidonic acid, (B} eugenol,
(€) native ligand, (D) phy aingosi (&) positive costrol, and (F) frans
anethobe,

[

Figure 22. Cosformatices of the native ligand, M. oledfers compounds, and pesitive
controls at Odi (A), ligand confermational positioning receptor, and (5)
Closeup view.
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Figure 13, Molecular interactions ol odi nuptu with [A) Arachidonic acid, (8) sugenol,
(€) native ligand, (D) phy ine, (E) positive costrol, and (F) frans
ancthobe.
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CONCLUSION | A . — b
This shudy found Uhat Moringe oleifera-gerived compeunds—eogenal, lrans- 0 Faionar

anethale, arachidonic acid, and phdesphingosne—ashilil prormisng mulli-langel That derelusl e cornalre det dFaies 2 $ REeaRh

inding affinities gainst majar vrulence praleing associaledl with cericenic and ekl L later,

endadanic infactions, Melecular docking demonsirated (et phylogahingasine had ﬁmﬁﬁg‘: sudsical s, butln da fomn of

the st consistenit and comprenensive Brlicipated] MlSraciong o varos e

sites, indicating maore palential o interfere with mulliple bacerial virdence )

processas gl he sams lime, A ligands Lesterl are capable of intracting diractly ¥ Wiy F Amin

willi Lhe matural binding pockets of Cyslalysn, Sad, Fimd, RadD), and Ddl, These Wia apgrdan B RAGWRFS eseenant Th cardlsler

interactions consistently irnalve important catahtic or adhesion-ralated residues ;ﬁlﬂﬂ&:ﬁiﬁ:::m::;:'ﬁl;::;

and are supported by the formation of stable hydrogen bords and malligle

Bytriphabic conlacts, Bassd on the overall docking profile, these ligands shaw dmaladon i b s Ratrh sbladia

potential for inhibiing esserdial ensyrme pathways and vindence adhesing, Thess o
finlinis adires he resaarnch objective by canfirming that the compaunds shudied il

have mali-largel binding capabities wilh anlibeclenial clhily Urough the
simullanesus ihibilion f pathogen adhesion and metabalic Tuncticn, Th lesied
ereipaunis could serve a8 promising lead compounds for the develoament of
riulilare, anliacteral agenls. Their ability o bind compeitvely i e native
ligand packel indicles e effective mechariam for inhikilng beclerial vindence
fackars and essenlial sreymes, making Lhem relevanl candidales for Turther
enzyme ayaluation. Thass ragulls support the concept tat molecules damved Mam
nabural products can act en mulliple backerial Largels, and melhodalogically
lereristral the usefdess of inlegrated dacking aralysia Tar e inilial scresing
o mult-tzrgel inititirs,

Baserd o these compulational findings, phylasphingosine could be used 5.2
suppernenlary agenl in cerseralive dental therapy by largeling mulligle
rechanisms invohed in beclerial achesion, sundval, and lisue damage
asscialad wilh cariogenic and endadankic infections,
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Multi-target potential of moringa oleifera-derived compounds
against cariogenic and endodontic virulence proteins revealed by
molecular docking: an in silico experimental study
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Abstract

- Dental infecti are ial diseases involving bacterial biofilms and hest immune responses. Natural
compounds with antibacterial activity. such as Moringa oleifera, have been explored as alternatives to conventional
antibiotics. This study aimed to evaluate the interaction profiles of four Moringa oleifera—derived compounds against
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multiple virul d proteins of ic and endodentic pathogens using in silico molecular docking. Methods:
This study was an in silico | study using molecular docking sil i to evaluate the binding energy of four M.
oleifera-derived compounds (eugenol, trans-anathole, arachidonic acid, and ph hi ine) with five key virul

associated proteins of cariogenic and endodontic pathegens (Cystalysin, SrpA, FimA, RadD, and Ddl). AutoDock 4.0 was

Taufiq Ariwibowo
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used for the docking simulations. Docking results were analyzed based on binding energy (AG) and inhi n constant (Ki)

values. The best binding conformations were selected according to the lowest binding energy and visualized to identify key Universitas Trisakti

ligand—protein interactions using Discovery Studio Visuali: Results: The ph hi Ddl exhibited the lowest Indonesia

binding energy of -7.42 kcal/mol, followed by eugenol with three different receptors (Cystalysin. SrpA, and FimA) and .

arachidonic acid-RadD. The lowest inhibition constant was shown by the phytosphingasine-Ddl complex at 3 61 M Each Department - Conservative - Dentistry,
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