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ABSTRACT
Background: Fishes are susceptible to a wide variety of bacterial
pathogens. Many of these bacteria capable of causing diseases are
considered to be saprophytic in nature. These bacteria only
become pathogens when fishes are physiologically unbalanced,
nutritionally deficient, or there are other stressors, i.e., poor water
quality, overstocking, which allow opportunistic bacterial
infections to proceed. Furuncles classically are described as a dark,
raised tumefaction involving the skin, subcutis and underlying
skeletal musculature. These lesions will ulcerate and drain a
serosanguinous fluid. These lesions develop from the localization
of Aeromonas salmonicida bacteria in the muscle or skin. The
lesion histologically is characterized by marked necrosis of the
skin, subcutis and skeletal muscle with mild to minimal acute
inflammatory infiltrates in the acute stage.
Materials and Methods: A molecular docking study was carried
out on five structurally diverse isolated clover compounds against
Aeromonas salmonicida cytochrome oxidase, using the Autodock
Vina software. The Swiss Model server was utilized in the 3D
structure modelling of the cytochrome oxidase enzyme and
extensive structure activity relationship study was also carried out
on these molecules using the SwissADME.
The isolated
compounds from clover were designed using the ChemAxon
software. The scoring function (empirical binding free energy) was
used in the estimation of the inhibitory activity of the proteinligand complex.
Results: The binding energy of acetyleugenol, furfural, gallic acid,
methyl-n-amyl ketone, oleanolic acid, rhamnetin, sesquiterpene
lactone and vanillin were -6.8, -4.6, -6.1, -4.6, -10.2, -9.4, -8.4 and
-5.7Kcal/mol respectively. The low values (negative) of free
binding energies displayed by the bioactive components of clover
means that they show a high level of antibacterial activity. All
compounds except the oleanolic acid violated none of the
lipinski’s rule of 5 which makes them druglike.
Conclusion: The results from the in-silico pharmacokinetics and
molecular docking clearly indicated that the rhamnetin substituent
may be a better antibacterial agent, having exhibited a good
binding affinity with the Aeromonas salmonicida cytochrome
oxidase and also showed good druglikeness characteristics.
Laboratory synthesis and pre-clinical studies of the rhamnetin
component with Aeromonas salmonicida cytochrome oxidase is
recommended in order to confirm its potentials as a better
antibacterial agent than the other compounds isolated from clover.
KEYWORDS:
Bacteria; Furuncules; Cytochrome oxidase; Molecular docking;
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I.

Protein 3D Structure Modelling

INTRODUCTION

The 3D structure modeling of the protein was achieved
using the Swiss Model server [18].

Clarias gariepinus is a species of catfish of the
family Clariidae, the air breathing catfishes. It is a large, eel-like
fish, usually of dark gray or black coloration on the back, fading
to a white belly. In Africa, this catfish has been reported as being
second in size only to the vundu of the Zambesian waters
[1] although FishBase suggests the African sharptooth catfish
surpasses that species in both maximum length and weight [2, 3].

Furunculosis was reported for the first time as early as in
1894 in Germany [7]. The name furunculosis was given because
the diseased fish had furuncle-like swellings, which were
ulcerative at a later stage of the disease. In the earlier literature the
causative agent was referred to as Bacterium or Bacillus
salmonicida [8], but it was later named Aeromonas salmonicida
by [9]. Isolates of the bacterium initially appeared to be very
homogeneous, but from the 1960s an increasing number of studies
reported isolates with properties differing from those of the
typical strains of A. salmonicida [10]. McCarthy (1977) classified
A. salmonicida into two groups comprising typical and atypical
strains [12].
Clove (Trifolium pratense) has been used for its antiseptic
and antibacterial effects and has been studied for use as an
anticoagulant and anti-inflammatory effects [13]. Clove buds
yield approximately 15% to 20% of a volatile oil that is
responsible for the characteristic smell and flavor [14]. The bud
also contains a tannin complex, a gum and resin, and a number of
glucosides of sterols. The principal constituent of distilled clove
bud oil (60% to 90%) is eugenol (4-allyl-2-methoxyphenol) [15].
The oil also contains about 10% acetyleugenol and small
quantities of gallic acid, sesquiterpenes, furfural, vanillin, and
methyl-n-amyl ketone. Other constituents include flavonoids,
carbohydrates, lipids, oleanolic acid, rhamnetin, and vitamins
[16].
This study is aimed at determining the efficacy of
compounds isolated from clove in the treatment of Aeromonas
salmonicida linked furunculosis of Clarias gariepinus through the
in-silico pharmacokinetics and molecular docking approach.

II.

Physiological–biochemical characterization
The Expasy Protparam server [19] was used for the
physicochemical characterization and to know the molecular
weight, theoretical isoelectric point (pI), total number of negative
and positive residues, aliphatic index, extinction coefficient,
instability index, and grand average hydropathicity (GRAVY) of
Aeromonas salmonicida cytochrome oxidase [20].
3D Structure of Isolated Compounds
The 3D structure of the isolated compounds from
clover were built by inputting the simplified molecular-input
line-entry system (SMILES) for each compound into the “Build
structure” interface of Chimera [21].
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Aeromonas salmonicida is a pathogenic bacterium that
severely impacts salmonid populations and other species. It was
first discovered in a Bavarian brown trout hatchery by Emmerich
and Weibel in 1894 [4]. Aeromonas salmonicida's ability to infect
a variety of hosts, multiply, and adapt, make it a prime virulent
bacterium [5]. A. salmonicida is an etiological agent for
furunculosis, a disease that causes septicemia, haemorrhages,
muscle lesions, inflammation of the lower intestine, spleen
enlargement, and death in freshwater fish populations. It is found
worldwide with the exception of South America [4]. The major
route of contamination is poor water quality; however, it can also
be associated stress factors such as overcrowding, high
temperatures, and trauma. Spawning and smolting fish are prime
victims of furunculosis due to their immunocompromised state of
being [5]. Aeromonas salmonicida is a Gram-negative,
facultatively anaerobic, nonmotile bacterium. It is rod-shaped,
about 1.3–2.0 by 0.8–1.3 μm in size, and grows optimally at
temperatures between 22 and 25 °C [4]. The bacterium readily
ferments and oxidizes glucose, and is catalase-positive and
cytochrome oxidase-positive. Its molecular properties include a
special surface protein array called the A-layer, which is believed
to be responsible for the bacterium's virulent traits, and
lipopolysaccharide, the cells' major cell envelope antigen [6].
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Molecular docking
The docking was performed using the AutoDock Vina
Software [22]. Physicochemical, lipophilicity, solubility,
pharmacokinetics and Lipinski druglikeness of the isolated
compounds were determined using the SwissADME Server [23].
III.

RESULTS AND DISCUSSION

Aeromonas salmonicida Cytochrome Oxidase Amino Acid
Sequence (FASTA)
>KFN19471.1 cytochrome oxidase subunit I [Aeromonas
salmonicida]
MIETLHAGHSHGPAAGLRRWLYTTNHKDIGTLYLLFALT
MFFTGGTMAMVIRAELFQPGLQLVEPLFFNQ
MTTVHGLVMVFGAVMPAFTGLANWLIPMMIGAPDMALP
RMNNWSFWILPFAFLILLSSLFMDGGGPSSGW
TFYAPLSTKYSGNSTALFVFAIHIMGISSIMGAINVIVTIFN
LRAPGMTWMKMPLFVWTWLITAFLLIAV
MPVLAAAVTMVLTDKYFGTSFFDAAGGGDPVMFQHIFW
FFGHPEVYIMILPAFGIVSSIIPTFSRKKLFG
YRSMVYATSSIAILSFLVWAHHMFTTGLPVVAELFFMYA
TMLIAVPTGVKVFNWVATMWRGSLTFETPML
FAIAFITLFTIGGFSGLMLAMIPADFQYHDTYFVVAHFHY
VLVTGAVFSILAAAYYWLPKWTGHMYDERL
GQWHFWCSLISVNVLFFPMHFVGLAGMPRRIPDYALQFA
DFNALISVGGFAFGLSQLLFVWGVIKCIRGG
NKATAQVWEGAEGLEWTLPSPPPYHSFQSPPDIK
3D Structure Modeling

Fig 1: Aeromonas
salmonicida Cytochrome
Oxidase

Fig 2: Acetyleugenol

MATERIALS AND METHODS

Sequence retrieval
The Aeromonas salmonicida cytochrome oxidase amino
acid sequence was obtained from the National Center for
Biotechnological Information database (NCBI) [17]. The protein
was assigned an accession number of KFN19471.1.

Fig 3: Furfural

Fig 4: Gallic acid
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Fig 5:Methyl-n-amyl ketone
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Fig 6: Oleanolic acid

Fig 12: Gallic acid
Fig 8: Sesquiterpene lactone

Fig 9: Vanillin

In-Silico Structure Activity Relationship
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Fig7: Rhamnetin

Fig 13: Methyl-n-amyl ketone

Fig 10: Acetyleugenol

Fig 14: Oleanolic acid

Fig 11: Furfural

Fig 15: Rhamnetin
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Fig 20: Gallic acid

Fig 17: Vanillin

Docking of Isolated Compounds
salmonicida Cytochrome Oxidase

against

Aeromonas
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Fig 16: Sesquiterpene lactone

Fig 21: Methyl-n-amyl ketone

Fig 22: Oleanolic acid

Fig 18: Acetyleugenol

Fig 23: Rhamnetin
Fig 19: Furfural
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molecular weight (less than 500g/mol) [29]. Lipophilicity is
expressed as Log Po/w. The lipophilicity value of all the
experimental compounds except Oleanolic acid are less than 5
and are most likely to be drugs (figure 10-17).
Distinguishing between drug-like and non drug-like
molecules requires the application of the lipinski’s rule of 5
[30]. The probability of success or failure is dependent on the
compliance with 2 or more of the following rules: Molecular
mass less than 500g/mol; High lipophilicity (expressed as Log
Po/w less than 5); Less than 5 hydrogen bond donors; Less
than 10 hydrogen bond acceptors; Molar refractivity should be
between 40-130. For the avoidance of costly late-stage
preclinical and clinical failures, application of these filters
could help in the early stages of the preclinical drug
development [31]. Only oleanolic acid violated the lipinski’s
rule. Other experimental compounds violated none of the
lipinski’s rule of five and therefore are likely to be drugs
(figure 10-17).

Fig 25: Vanillin

The pI of the Aeromonas salmonicida cytochrome
oxidase going by the biochemical characterization analysis has
predicted the protein to be slightly alkaline with a value of 7.87
[24]. The hydrophobicity scale produced values that define
relative hydrophobicity of amino acid residues. The more
positive the value, the more hydrophobic the amino acids
located in that region of the protein [25]. The GRAVY
calculator used in predicting the hydrophobicity assigned to the
protein a value of 0.698.
The instability index provides an estimate of the
stability of a protein in a test tube. A protein whose instability
index is greater than 40 is predicted as unstable and a value
below 40 predicts the protein may be stable [25]. The
Aeromonas salmonicida cytochrome oxidase is therefore a
stable protein with an instability value of 38.04.
Aeromonas salmonicida cytochrome oxidase
contains 524 amino acid residues with a molecular weight of
58517.29. The docking pose exhibited by all the experimental
compounds showed that their binding pattern with the active
site of Aeromonas salmonicida cytochrome oxidase is in a
similar orientation, as is evident from the superposition of the
compounds in Figure 18-25. The compounds also show a steric
interaction with the amino acid residues of Aeromonas
salmonicida cytochrome oxidase. The calculated free energy of
the compounds isolated from clover (acetyleugenol, furfural,
gallic acid, methyl-n-amyl ketone, oleanolic acid, rhamnetin,
sesquiterpene lactone and vanillin) were -6.8, -4.6, -6.1, -4.6, 10.2, -9.4, -8.4 and -5.7Kcal/mol respectively. This proved the
reliability of the docking results going by the structural
similarities exhibited by the compounds [26].
The biotransformation and elimination of a druglike
compound is a function of its solubility [27]. All the
experimental compounds were soluble in water except oleanolic
acid which appeared to be poorly soluble. This makes them
likely to be drugs (figure 10-17).
A compound can be considered drug-like if it is
characterized by high lipophilicity (less than 5) [28] and low
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Fig 24: Sesquiterpene lactone

Drugs targeting the central nervous system (CNS)
must have a characteristic high penetration rate, whereas
penetration of the blood brain barrier (BBB)
should be
limited for non-CNS drugs to avoid undesired side-effects
[32]. The gastrointestinal drug absorption of all the
compounds but oleanolic acid was high and only gallic acid,
oleanolic acid and rhamnetin showed no ability to cross the
blood brain barrier (BBB). These three therefore pose no
threat to the CNS.
For synthetic accessibility, values of 1 to 5 means
that the drug could easily be synthesized [31]. All the
experimental compounds but oleanolic acid showed values
less than 5. This means that the compounds can easily be
synthesized in the laboratory. Synthetic studies followed by
preclinical test of the compounds are further recommended.
IV.

CONCLUSION

An In-Silico structure activity relationship and
molecular docking study was carried out on isolated
compounds from clover (Trifolium pratense) against
Aeromonas salmonicida cytochrome oxidase. The obtained
result showed that the rhamnetin component showed the best
therapeutic prospect against the bacterial enzyme as it is
characterized by a high binding energy of -9.4Kcal/mol and
exhibited good pharmacokinetics characterstics.
We recommend the laboratory synthesis of
rhamnetin for further preclinical trial against the Aeromonas
salmonicida cytochrome oxidase.
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