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Studying the effect of some compounds found in some
essential oils on the penicillin-binding protein in

Staphylococcus aureus, using molecular docking

Dr. Hani salim! Thanaa Mourad? Dima almir3
Raghad Al-kurdi3 Roaa Al-Saleh?
ABSTRACT:

Staphylococcus aureus is one of the main causes of skin and soft tissue
infections. Due to the indiscriminate use of antibiotics and the increase
in resistance to them, we have an urgent need to discover new
antibiotics. Therefore, we turned to studying essential oils, as they are
one of the most important modern natural treatments that have proven
effective in combating many diseases. Conducting a statistical reference
study on some compounds found in some essential oils, where 89
compounds extracted from 45 essential oils were selected, and they
were studied using modern pharmaceutical techniques, including
molecular docking, then these compounds were studied according to
Lapinski’s rules and Weber’s rules, which are rules that express
bioavailability and drug kinetics. (Absorption, distribution, metabolism,
excretion). In this research, the penicillin-binding protein PBP-4 of
Staphylococcus aureus was targeted with some compounds found in
some essential oils, and their effectiveness was evaluated
computationally using molecular modeling. The computer study was
conducted using two programs IGemDock and Argus Lab. The results

of molecular modeling showed that the compounds Gastrodin, Oleanolic

acid, Apigenin, Stearic acid, and Oleic acid binding energies estimated
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as follows: -108.91, —-100.55, -99.51, -97.77. , -90.52, may be
potential targets for penicillin-binding protein PBP-4

KEYWORDS: Staphylococcus aureus, essential oils, molecular modeling,

docking, transpeptidase.
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Geill e Dby Saall aliadll uSHilly Lalial) Joa o0dlays Sartoratto g, ol dulyy A
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Aloysia, O.applii, Origanum vulgare, M spicata :&l 155U Aglsell ehal) (s
cuilSy ¢ agin liaeS Cigill sda calaaiad gThymus vulgaris, Mentha piperita
.Salmonella [13] cholerasuis y Enterococcus faecium  afilja olas dllad lgalaes
labal duhs P e Lgullad e aslll 5 ally cegal) Laadall il (e daasyall 203
5 Salvia officinalis Luyall o5l (ghasll sl of cuiis ¢ sy Longaray
Klebsiella ): fia adlall )il (e Jalis Cilal 8 Aasale dlad 50 S8 Salvia triloba
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[14] (hydrophila, Aeromonas sobria, Aeromonas hydrophila
la . 5 Staphylococcus aureus aca jicjlly il ¢ Ladll (0 JS &lad ] 3 Gl
4 o8 &y 4 (Candida albicans ; Escherichia coli Jie cduagiall <3 e
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S ansSbsiandl 525 (GHlae e pn datiye dS OS5 3HUM Sl (gl Al Sa
LS Pa e e Sl (Karg CEW 30l al Jay bl Jaall il gac gl o 2
Myl S (KAl sy i dalis of oK WS calgd) e Gindl age (B el
i) Cuall AKERN duiaY) agendl Jadudg
dgalal) ;) ‘”,A dariiuall @lSyall 3.3
Sl any 3 B3sasall Syl (any e Aunaye Aflan) Aubs eha) Gl 13 3 5
Uil i day Lady ChemDraw?2D gmaliy daulss GLSall 038 asen oy a3 & cdylaal)
Jsan Aiagieall Al e Lo DU UK Jundls 2] DB Lel<as Lo Jpenalls gl
abn dauly lgatd Jeaal MOI2 dlaialy ghais 35 «Chemdraw3D gl ddauls (1)
Sl e e 2l g sy St el 38y LSl 038 Al Caci ladnsg dadal
[21] ChemDraw excel galin daulg elgall A8 (g5l

IUPAC Caun \ganly A8l (atily duugjial) liSiall o aans 1(1) Jgaad)

No | Compound IUPAC compound structure Total
Name Name energy
(Kcal/mol)

(6R,7R)-3-(acetoxymethyl)-7-((Z)-2-(2- e
1 Cefotaxime aminothiazol-4-yl)-2-(methoxyimino) d 71.6530
acetamido)-8-oxo-5-thia-1-azabicyclo [4.2.0] o
oct-2-ene-2-carboxylic acid

2 (2R,3S,4S 5R,65)-2-(hydroxymethyl)-6-(4- o
Gastrodin (hydroxymethyl) phenoxy) tetrahydro-2H- - 18.7825
pyran-3,4,5-triol e

(4As,6Ar,6a S,6Br,8Ar,10S,12Ar,14Bs)-10-

3 Oleanolic hydroxy-2,2,6a,6b,9,9,12a-heptamethy!- _ L
acid 1,3,4,5,6,6a,7,8,82,10,11,12,13,14b- . _L'-_ Jh . 75.0276
tetradecahydropicene-4a-carboxylic acid B } N
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4 Apigenin 5,7-dihydroxy-2-(4-hydroxyphenyl)-4H- & 14.4728

chromen-4-one O
octadecanoic acid
5 stearic acid 17.2158
‘Wu’\/\%u’\/\/\/

6 Oleic acid 9-cis Octadecenoic acid 9 9.0893

E._\‘Uﬂ\ 4

g3l (ans Jals Bagagall GLSHall many PBP-4 bl Jabll (piig nll calagind &
58y Ofignll ae bty (Hle SHe bl Al ae lghla)l Ala 4)lie g cdyhaall
A< =40,93 5 -108,91 (p As3lill Lalay¥) cilills o canglys U Eaiii ¢ ekl sl
.dy/@ﬂ&
O Adiye Axalll b)Y Gl ad dadall ddee olgiil 2 IGemDock zaliy jelas
Ladgslly ding gl Tl Vs ¢ oalld)uld Jadsy e IS A8l ady dila YD I AeY)
(2) dsaadl maasas 4 el Talyll (i 5lly Qg paall Syall (G Lo ASnall A STy
03¢ Lady Sl 2l b (3) Jgaall maagy dila ol o cilias Al CLSH

LSyl
dug el Clall Gm A Bl Y Glila o :(2) Jgaal)
No Compound Energy VDW Hbond Elec
1 Cefotaxime -129.16 -94.59 -34.08 -0.49
2 Gastrodin -108.91 -70.54 -38.37 0
3 Oleanolic acid -100.55 -76.92 -21.79 -1.84
4 Apigenin -99.51 -70.76 -28.76 0
5 Stearic acid -97.77 -71.74 -24.33 -1.7
6 Oleic acid -90.52 -75.79 -13.09 -1.64
Alb AeY) ClSall by ol sl ab 1(3) Jgaal)
No | Compound Compound MW HB HB Logp | RB | PSA
name formula (g/mol) | Donors | Acceptors (A)
1 | cefotaxime | Ci6H17NsO7S2 | 455.46 3 8 -0.8815 | 9 | 172.98
2 Gastrodin Ci13H1307 286.28 5 7 -0.7698 | 4 119.6
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3 Oleanolic CaoH4803 456.711 2 2 7.3345 1 57.53
acid

4 Apigenin Ci1sH100s 270.24 3 5 1.9039 1 86.99

5 Stearic Ci18H3402 282.468 1 1 6.516 15 37.3
acid

6 Oleic acid C1oH180 154.253 0 1 2.119 1 17.07

*PSA: Polar Surface Area,*MW: Molecular weight, *HD: H bond donor, *HA : H bond
acceptor, *RB : rotatable bonds.

e Al of e dlalad)l V) deaddl @l Lls)) IGemDock galiy ek
(5) J<al (1) dSall e s e Lgie O Jladll Canll 236K 2] nsenl

4xa dadipal) disal) Gagaally (il O5UL) Gastrodin . :(1) J<i
(adY) OslL) Glall Gl 3529 Aiadla g Jledl) cuall Aig<ally

dra Aadipal) dind) Gagaally (i) O4lL) Oleanolic acid oy :(2) J<ill
(a3 QUL (Gliad) ipall dgag Aiade pa Jladl) cuall 4gall
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dxa dasijal) didy) (ageally (awdid) O5UL) Apigenin Sy :(3) Jeil)
(a3Y) Olil) Ghall Gal) agag Aadla ga Jladl cuall 4igally

dae Aasipall Aiaa) Gasantly (amdisll O5liL) Stearic acid oSy :(4) Jal
(525 O3l hual) Goul 2pns Aiadle ae Jladll cunll AigSall

dxa dlasiyall LuidY) (aganlly (i) O5UL) Oleic acid Sy :(5) J<i
(a3 Olil) Ghall Gal) agag Aadle ga Jladl cuall 4igSally
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wysSelal) il Cus dpiigle dmub e (JheS S e ple Gastrodin
Loall ae Jeasll dojs aSg 204 58 4 o)) adill juaiell [22] Cpiimang salall
8aawia Calaaly il adlse clla 4l LS ¢ (il 286 iad) sty C13H1807 diual)
glaall Zokd aadiey L[23] dadiie elpd AASy A JiT Lasla BT ¢ S Gl Giala
Baliae Gailad 4l o) Zuaall dukl) Gla ) cujelaly SN ook cculaniall (dagal
Lisadll Zaeg¥) (bl 23l aaly 3Ual o aaiiog 4l L clug il salias (3auSU
paliied aflall ssliad) Adladl g A Slaball e 3l aag3s [24] Auaslly
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,-99.51,-100.55, -108.91: il e v a8 dals ) culila cjelal ) <Oleic acid
PBP-4 bl bl pig yll dlaine Wlaal (323 38 « -90.52,-97.77
Sluaglll .7
A daauh L0 PBP—4 (i 5 Cilagiad Jon Gl e il ehal L1
Sbasl ehal Lyt Bl oY) bl dllad @il Gob oo dplil) &l s .2
(psesSbs2ans) (Sland) Syl 3l ae ilil) A3lka g ilaliall uceal)

59



3allall i, Sah ey Yl lew e el e s 2024- 2 sall — 1 slaal) — daldl) Luihgl) daalal) dlaa

i ALl 3k e (Ogulall) A8l oY) oSl Ay e Dl (s sha) 3
A3)lae akaliy) Aila (e iy 3 Las Caagll eegiall Jladll cual) ae Jeadl Ay (S
Aehalay 8 gl (panSlishan) g)lal) aa

Lol a8l ekl ) GlSall anl pe Loy ok e Ligaall cliliall il 5 .4
(@6 L) slall g asly Jlsy st lgaay ol Dl

oe S.aureus JI leaes ) dalal) clly) e Gl oY) LSl ik Al 5
+Sla) SIS Lpna gl Spaninall (azy juass 33k

Gob oe S.aureus J) lgws Al clly) e Bl oY) GLSall il A .6
LAl Olycaniall (any jucaan

bl 8

[1]Inouye S, Takizawa T, & Yamaguchi H. Antibacterial activity of
essential oils and their major constituents against respiratory tract
pathogens by gaseous contact. J Antimicrob Chemother, 200.

[2] Shaaban HAE, EI-Ghorab AH, & Shibamoto T. Bioactivity of essential
oils and their volatile aroma components: Review. J Essen Oil Res,
2012, 24:203-212.

[3] Winska, K., Maczka, W., Lyczko, J., Grabarczyk, M., Czubaszek, A.,
& Szumny, A. (2019). Essential Oils as Antimicrobial Agents-Myth or
Real Alternative? Molecules (Basel, Switzerland),24(11), 2130.

[4]Man, A., Santacroce, L., Jacob, R., Mare, A., & Man, L. (2019).
Antimicrobial Activity of Six Essential Oils Against a Group of Human
Pathogens: A Comparative Study. Pathogens (Basel,Switzerland), 8(1),
15.

[5]1Burt S. Essential oils: their antibacterial properties and potential
applications in foods--a review. Int J Food Microbiol. 2004 Aug
1;94(3):223-53.

[6]Chorianopoulos N, Kalpoutzakis E, Aligiannis N, Mitaku S, Nychas
GJ, Haroutounian SA. Essential oils of Satureja, Origanum, and
Thymus species: chemical composition and antibacterial activities
against foodborne pathogens. J Agric Food Chem. 2004 Dec
29;52(26):8261-7.

60



3allall i, Sah ey Yl lew e el e s 2024- 2 sall — 1 slaal) — daldl) Luihgl) daalal) dlaa

[7]Lang G, Buchbauer G. 2012. A review on recent research results
(2008-2010) on essential oils as antimicrobials and antifungals. A
review. Flavour Fragr. J. 27: 13-309.

[8]Holley R, Patel D. 2005. Improvement in shelf-life and safety of
perishable foods by plant essential oils and smoke antimicrobials. Food
Microbiol. 22: 273-292.

[91Guynot ME, Ramos AJ, Seté L, Purroy P, Sanchis V, Marin S.
Antifungal activity of volatile compounds generated by essential oils
against fungi commonly causing deterioration of bakery products. J Appl
Microbiol. 2003;94(5):893-9.

[10]  ONeil.J.l.Tackling drug —resistant infections globally:final report
and recommendation.In Ro A ed.Resistance.London,United
Kingdom.2016:12.

[11]  Kim, J., M. Marshall and I. Cheng. 1995. Antibacterial activity of
some essential oil components against five food borne pathogens.
Journal of Agricultural and Food Chemistry,179-184.

[12]  Nascimento, G., J. Locatelli, P. Freitas and G. Silva. 2000.
Antibacterial activity of plant extracts and phytochemicals on antibiotic-
resistant bacteria.Brazilian Journal of Microbiology, 73-81.

[13]  Sartoratto, A., A. Machado, C. Delarmelina, G. Figueira, M. Duarte
and V. Rehder. 2004. Composition and antimicrobial activity of essential
oils from aromatic plants used in Brazil. Brazilian Journal of
Microbiology, 314-321.

[14] Longaray Delamare, A., L. Moschen-Pistorello, L. Artico, L.
Serafini and S. Echeverrigaray. 2005. Antibacterial activity of the
essential oils of Salvia officinalis L. and Salvia triloba L. cultivated in
South Brazil Journal of Agricultural and Food Chemistry,200-204

[15]  Yadegarinia, D., L. Gachkar, M. Rezaei, M. Taghizadeh, S.
Astaneh and I. Rasooli. 2006. Biochemical activities of Thyme essential
oil. International Journal of Food Microbiology,165-170.

[16]  Vukojevi, J., M. Sokovi, P. Marin, D. Brki, V. Vajs and V.
Griensven.2009. Thyme and Peppemint studied for antimicrobial and
antioxidant actions. Journal of Biotechnology, Vol. 3 .103-109.

[17] Marino, M., C. Bersani and G. Comi. 2000. Impedance
measurements to study the antimicrobial activity of essential oils from
Lamiaceae and Compositae. Journal of Eessential Oil Research, 7 (6)
364 — 368.

61



3allall i, Sah ey Yl lew e el e s 2024- 2 sall — 1 slaal) — daldl) Luihgl) daalal) dlaa

[18] Bax.D.B,Chan.P.F,Eggleston.D.S,Fosberry A, Gentry D.R,Gorrec
F.et al : Type ILA topoisomerase inhibition by a new class of
antibacterial agents. Nature 2010; 466:935-9.

[19]  Bitencourt-Ferreira G, de Azevedo WF Jr. Molecular Docking
Simulations with ArgusLab. Methods Mol Biol. 2019; 2053:203-220.
[20]  Research Collaboratory for structural Bioinformatics.Protein Data
Bank [Internet]. 2015 [ update 2015 Mar 22; cited 2015 Mar 26].

Available from: http://www.pdp.org/

[21]  Cousins KR. Computer review of ChemDraw Ultra 12.0. J Am
Chem Soc. 2011 Jun 1;133(21):8388.

[22]  Li,Y.M.; Zhou, Z. L.; Hong, Y. F. (1993). "Studies on the phenolic
derivatives from Galeola faberi Rolfe". Yao Xue Xue Bao = Acta
Pharmaceutica Sinica. 28 (10): 766—71.

[23]  LiY., Li F. Mechanism and prospect of gastrodin in osteoporosis,
bone  regeneration, and  osseointegration.  Pharmaceuticals.
2022;15(11):1432.

[24] LiuY., Gao J.,, Peng M., Meng H., Ma H., Cai P., Xu Y., Zhao Q.,
Si G. A review on central nervous system effects of gastrodin. Front.
Pharmacol. 2018; 9:24.

[25] Xin.C, Cheng.Z, Liu.W, Li.W, Zhu.H, The antibacterial and
hemostatic activity of Gastrodia elata polysaccharide-based hydrogel
embedded with drug-carrying microspheres accelerates diabetic wound
healing,2024;492.

[26]  Cortazar.M.G,Gayou.V.L,Antimicrobial Gastrodin derivatives
isolated from Bacopa procumbens,2019:31:33-38.

[27]  Verstraeten.S,Catteau.L,Boukricha.L,Leclercq.J.Q,Leclercq.M.P,
Effect of Ursolic and Oleanolic Acids on lipid membranes:studies on
MRSA and models of membranes,2021:10(11),1381.

[28] Kim S, Woo ER, Lee DG. Apigenin promotes antibacterial activity
via regulation of nitric oxide and superoxide anion production. J Basic
Microbiol. 2020 Oct;60(10):862-872.

[29]  Zhong-hui PU, Yu-qun ZHANG, Zhong-giong YIN, Jiao XU, Ren-
yong JIA, Yang LU, Fan YANG, Antibacterial Activity of 9-
Octadecanoic Acid Acid-Tetrahydrofuran-3,4-Diyl Hexadecanoic Ester
from Neem Oil, Agricultural Sciences in China, Volume 9, Issue 8,
2010,1236-1240.

62


http://www.pdp.org/

