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Abstract
Objective

Acinetobacter baumannii is an important bacterium in causing nosocomial infections that has
multidrug resistance. Several factors are involved in the resistance of these bacteria to drugs, the
most important of which are the proteins OXA-24 beta-lactamase, OXA-23 beta-lactamase and
OUTER MEMBRANE PROTEIN A (OMPA). In this regard, the aim of this study was to
investigate the inhibitory effect of plant compounds in Salsify, Hyssop and Mangrove on these

Acinetobacter proteins in silico.

Materials and methods

In this study, first the structure of plant compounds and proteins were obtained from PubChem
and PDB databases, respectively. Then the physicochemical properties and mutagenic potential
of plant compounds were predicted by Swiss ADME server and Toxtree-v2.6.13 software,
respectively. ViewerLite, Chimera 1.14, Discovery Studio, AutoDockTools-1.5.6 and AutoDock
Vina environments were used for molecular docking and interaction between plant compounds
and proteins. The results were analyzed using three programs including AutoDockTools,

Visualizer DS and Ligplot.

Results
According to mutagenicity potential and inhibition cytochromes results, compounds related to H.

officinalis had higher mutagenic potential and cytotoxicity than the other two plants. In addition,
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the results showed that A. marina compounds have higher digestive absorption compared to other
compounds. A comparative study of the interactions showed that the compounds of H. officinalis
and A. marina have stronger interactions with the studied proteins. In addition, it was found that
the strongest interactions occurred between plant compounds and 1BXW protein. On the other
hand, T. graminifolius compounds were found to have weaker interactions with the evaluated

proteins.

Conclusions

Based on docking results, among all compounds evaluated in all three proteins 1BXW, 3G4P and
4 KOX, the best docking results were related to cis-pinocamphone and 3,5-difluorophenyl ester
2,6-difluorobenzoic acid, respectively, from Hyssop and mangrove. In fact, these compounds with
the most negative binding energy levels (-9 Kcal / mol and -8.8, respectively) have a greater
tendency to bind to the key amino acids of the active site of all three proteins. Therefore, these
compounds can be considered as important candidates for laboratory and in vivo testing of A.
baumannii activity.
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Table 1. Investigated plant compounds for screening inhibitors of effective proteins against

antibiotic resistance in A. baumannii

Avicennia marina  Hyssopus officinalis Tragopogon graminifolius AUS aigs
methyl palmitate, B-pinene, limonene, B- 2-Heptanone, 1-Octen3-ol, Furan,2-Pentyl, S 55 b
methyl p- phellandrene, B- Octanal, (E-E) 2,4-Heptadienal, § —
vinylbenzoate, ocimene, 3(10)-caren- Cymene, 1,8-Cineole, s-Ocimene, 2- compound
methyl 4-ol, acetoacetic acid Nonanone, Nonanal, (E) 2-Nonenal, 1-
ester(9Z,152)- ester, (E)-2,6- Nonanol, 3,6-Dimethyl-2,3,3a,4,5,7a-
9,15- dimethyl-1,3,5,7- hexahydrobenzofuran, Decanal, 1-
octadecadienoic octatetraene, 1,5,5- Cyclohexene-1-Carboxaldehyde,2,6,6-
acid, 3,5- trimethyl-6-methylene-  trimethyl, Geraniol, 2,4-Decadienal, 2-
difluorophenyl cyclohexene, a- Undecenal, a-Copaene, f-Damascenone, -
ester 2,6- gurjinene, linalool, Elemene, Tetradecane, Methyl eugenol,

difluorobenzoic
acid, methyl ester
octadecanoic acid,
methyl oleate, n-
caproaldehyde,
methyl ester 9-
oxononanoic acid,
hexahydrofarnesyl
acetone, phytol,
diethyl phthalate,

eicosane

caryophyllene, trans-
pinocamphone, cis-
pinocamphone, o-
humulene, a-terpineol,
germacrene D,
bicyclogermacrene,
nerol, myrtenol,
geraniol, citral, guaia-
1(10),11-diene,
methyleugenol, a-
elemol, caryophyllene
oxide, durenol,
spathulenol, (+)-epi
bicyclosesquiphellandr
ene, y-eudesmol, a-
cadinol, a-eudesmol,
B-eudesmol, a-

gurjenene

Dodecanal, g —Caryophyllene, (E)
Geranylacetone, a-Humulene, (E,E)-f-
Farnesene, S —lonone, 1-Pentadecene, n-
Pentadecane, Tridecanal, Nerolidol isomer,
Caryophyllene oxide, Hexadecane,
Tetradecanal, 2-Pentadecanon, E2-
Tetradecen-1ol, Tetradecanoic acid,
Octadecane, Hexadecanal,
Hexahydrofarnesylacetone, n-Hexadecanol,
Nonadecane, Methyl hexadecanoate, n-
Hexadecanoic acid, Eicosane, 9-Octadecen-
1-ol, Heneicosane, Phytol, Linoleic acid,
Oleic acid, n-Octadecanoic acid, Docosane,
Tricosane, Tetracosane, Pentacosane,

Docosanoic acid methyl ester
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Table 2. Results of physicochemical properties and toxicity potential of the studied plant

compounds
logP TPSA 1005 5)lsf i g o g slke g e g sle el dw 339250 OS5 0U
d)l”S’ o‘}e‘i d)l”g Gas:)rointf'stinal 1A2 pg,S  2C19 pg,S 2C9 pg,S  3A4 pg,S Liua 29,13 oLS
o Cudd o3 ASOPHONinninition of inhibition inhibition inhibition 1, plant compounds
3ad5 Mo cytochrome of of of .
» u)“ 1A2 cytochrome cytochrome cytochrome mutigenl
< 2C19 2C9 3A4 .
potential
1.98 17.07 -1.53 high sL; no ,s& no ,s no ,s& no ,s& bausgio 2-Heptanone
moderat
e
2.55 20.23 -1.91 high sL; no s no s no s no & Lwgie 1-Octen3-ol
moderat
e
3.66 13.14 -3.11 high sb; yes L no ,s& no ,& no ,s high sb; Furan,2-Pentyl
2.72 17.07 -1.95 high sL; no s no s no s no ,s low o Octanal
1.62 17.07 -1.35 high sL; no ,s& no ,s no ,s& no ,& low .8 (E-E) 2,4-Heptadienal
2.74 9.23 -2.52 high sL; no s no s no s no ,s  high sb; 1,8-Cineole
4.26 0.001 -3.17 low o5 no ,s& no ,s no ,s& no ,& low .8 B-Ocimene
<
3.14 17.07 -2.30 high sL; no s no s no s no ,s Louwgio 2-Nonanone
moderat
e
3.26 17.07 -2.31 high sL; no ,s& no ,s no ,s& no ,& low .8 Nonanal
3.15 17.07 -2.30 high sL; no ,s& no ,s no ,s& no ,& low .8 (E) 2-Nonenal
3.77 20.23 -2.65 high sL; no ,s& no ,s no ,s& no ,& low .8 1-Nonanol
190 9.23 -1.98 high sL; no ,s& no ,s no ,s& no ,&  highsl; 3,6-Dimethyl-
2,3,3a,4,5,7a-
hexahydrobenzofuran
3.80 17.07 -2.67 high sL; no s no s no s no ,s low . Decanal
243 1707 -2.25  high sL; no ,& no ,& N0 .5  no s low s  1-Cyclohexene-1-
Carboxaldehyde,2,6,6-
trimethyl
3.56 20.23 -2.78 high sb; no ,& no ,s& no ,s& no ,& low .8 Geraniol
3.25 17.07 -2.44 high sb; no ,& no ,s& no ,s& no ,& low .8 2,4-Decadienal
4.23 17.07 -3.02 high sb; yes b no ,s& no ,s& no ,& low .8 2-Undecenal
4.47 0.001 -3.86 low o8 yes b yes L yes b no ,s low .5 a-Copaene
<
3.18 17.07 -2.89 high sL; yes no s no s no ,5 low o5 p-Damascenone
6.11 0.001 -4.76 low o5 no ,& yes b yes b no ,& low .8 B-Elemene
<
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low s 1-Pentadecene
low s n- Pentadecane

low o8 Tridecanal
high s,;  Nerolidol isomer

high »i;; Caryophyllene oxide

low o8 Hexadecane
low o5 Tetradecanal
Lawsgio 2-Pentadecanon
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e
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low s  Tetradecanoic acid
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low s Hexadecanal
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3.03 17.07 -2.43 high sL; no s no ,s no s no ,s low . Citral
4.61 0.001 -3.95 low .8 no s yes b yes L no ,s low . guaia-1(10),11-diene
<
252 18.46 -2.61  high sL; yes L no ,& N0 &  no . highsy;  Methyleugenol
4.41 20.23 -3.80 high sL; no ,s& no ,s yes no ,& highsl; a-elemol
3.56 12.53 -3.45 high sL; no s yes L yes b no ,s  high sb; caryophyllene oxide
3.02 20.23 -3.08 high sL; yes L no ,s no ,s& no ,& low .8 Durenol
3.11 20.23 -3.17 high sL; no s yes L no s no ,s  high sb; Spathulenol
4.70 0.001 -4.00  low o5 no ,& yes L yes L no ,s  low oS (+)-epi
< bicyclosesquiphellandr
ene
3.39 20.23 -3.29  high s\ no s no s no s no ,s  high sl; y-eudesmol
3.34 20.23 -3.26  high s\ no s yes L no s no ,s  high sl; a-cadinol
3.50 20.23 -3.36 high sL; no s no s no s no ,s  high sl; o-eudesmol
3.74 20.23 -3.51 high sL; no s no s yes b no ,s  high sl; B-eudesmol
3.26 0.001 -3.69 low o5 no s yes L yes b no ,s low . a-gurjenene
<
7.38 26.30 -5.18 high sL; b yes 5 No > No N0 low . methyl palmitate
3.11 26.30 -2.98  high sL; S yes W N0 ,3Nn0 s no low .S methyl p-
vinylbenzoate
6.73 26.30 -4.92 high sL; yes L no s yes b no ,s low . methyl ester(9Z,152)-
9,15-octadecadienoic
acid
3.73 26.30 -4.13  high sL; no s yes L  no .,  no s highst;  3,5-difluorophenyl
ester 2,6-
difluorobenzoic acid
8.35 26.30 -5.83 high sL; yes L no s no s no ,s low . methyl ester
octadecanoic acid
7.45 26.30 -5.32 high sb; yes L no ,s& no ,& no ,& low .8 methyl oleate
1.78 17.07 -1.32 high sb; no ,& no ,s& no ,& no ,s low .8 n-caproaldehyde
2.04 43.37 -1.69 high sb; no ,& no ,s& no ,& no ,& low .8 methy! ester 9-
oxononanoic acid
6.95 17.07 -5.09 high sb; no ,& no ,s& yes L no ,s& Lwgie hexahydrofarnesyl
moderat acetone
e
8.19 20.23 -5.98  low . no s no ,&  yes,k  no s low .S Phytol
2.42 52.60 -2.62 high sb; yes b no ,s& no ,& yes L low .S diethyl phthalate
10.4 0.001 -7.05 low 5 yes no s no s no ,5 low o5 Eicosane
5 <
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Table 3. Areas and key amino acids involved in the interaction of plant compounds with the
3 proteins of A. baumannii

S A (515 sdimelamwl 5 oyt el b (o2 el apu] Cuaigo BT
Wr’ 5 lhum).g 5 us)l.ww
His19, Tyr72, Ala74, Trpl02, 19, 56-58, 72, 74-76, 100, 102, 104, 116- 1BXW
Asn146, Aspl158 142- 158
Ser81, Tyrl12, Trpl15, Serl28, 81, 112-115, 127, 128, 130, 219-223, 258, 3G4P
Val130, Trp221, Met223 261
Ser79, Trpl13, Ser126, Vall128, 79, 110, 113, 126, 128, 166, 217-222, 259 4K0OX

Leul66, Trp219,
(Trp) oBg 5 ASN) el (HIS) crpasimnd (TYF) (r595m AlR) ¥ iols F Jgsa 5> s S5 sldaiselamwl™
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Flowe J1 (o glgie 4 @te (GYsb gla sl g e 9 S e sl bl Sl 658 cul sl oad (5155 5989 4 o) Ui 9
Bayram et al. 2013; Smani et al. 545 o 4l dnwg Jbo ;5 sloygiS ohg 4 Hloa ol > (il sdes
& Copnd Cuoglia jop )3 J55 sl g 4 oo o Sl cnl )3 38 @ yawie (S5 sl 352y (2014)
22 Sl Ceoglio bl s @) plex julie )3 Ol £l 5 0328 Glagsasal Sl sl 00 25 ol
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Sgo sl b 4l clacplbio (mils b LS ol sl gyl (LS 5l e3litul wunilS ) ol b ablis yige cla,Saly 5l S
9 lSlis Sl sl alio o ete I (e st 4 21550 QLS cl 4o )3 50 1y g s 5| syloms 45l 550
S5 b 5l lals ol (Savithramma et al. 2011; Chakraborty et al. 2014) 6545 03 e d> (>,B05
KIS g (2B (2L yShas eyl § 2lie dlge Do g wdn (il SleSTas 5 Llddls Clld ol i

(Weinstein 2001; Saeidi et al. 2014) 4, 2,15 & o gylow 5| ()l loys
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Figure 2. Amino acids involved in hydrophobic bond with the 3,5-difluorophenyl ester 2,6-
difluorobenzoic acid compound by Lig plot software. As shown in the figure, this compound
participates in the formation of hydrogen bonds with the amino acids GIn 142 and Tyr72
(green dashed line) and hydrophobic bonds with the amino acids Asn146, Asp158, Trpl102,
Ala74, Leu58, Met100, His19 and Asp56. The ball and bar model was used to represent the
ligands.
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