Agro Science Journal of Igdir ‘University
Volume 1 Numbeyr 2, 2023, 52-60 page

Arastirma Makalesi / Research Article Isdwr University

Kekik (Thymus eigii M. Zohary et P.H. Davis) Jalas Tiiriiniin Ugucu
Yaginin Karakterizasyonu ve in silico Modelleme Perspektifi
Sezgin SANCAKTAROGLU* ' Biinyamin YILDIRIM! '“' Kamil EKICI2 "*' Fatih DEMIREL?

! Isdw ‘University, Facully of Agriculture, Department of Field Crops, Igdwr, Tiivkiye.

> Van Viiziincii Vil ‘University, Faculty of Veterinary Medicine, Department of Nutrition/Food Hygiene and
Technology, Van, Tiirkiye.

3 Igdwr ‘University, Faculty of Agriculture, Department of Agricultural Biotechnology, Igdir, Tiirkiye.

*Sorumlu Yazar/Corresponding Author: Fatih DEMIREL, e-mail: drfdemire(@gmail.com

Ozet: Son yillarda, aromatik bitkilerin ve tedavi edici 6zellikleri i¢in kullanilan bitkilerin kullanimini
iceren bitkisel ilaclarin kullaniminda bir artis olmustur. Her gecen giin artan bu talebi karsilayabilmek
icin tibbi bitkilerden elde edilen aktif bilesiklerin miktarinin belirlenmesine 6nemli bir ihtiyag
duyulmaktadir. Bu arastirma i¢in Hatay ili Amanos Dagi’ndan kekik (Thymus eigii M. Zohary et P.H.
Davis) bitki oOrnekleri toplanmistir. Bitkinin yer {Usti kismindan ugucu yagi c¢ikarmak igin
hidrodistilasyon yontemi kullanildi ve ugucu yagin bilesenlerini analiz etmek igin bir Gaz
kromatografisi-kiitle spektrometresi (GC-MS) kullanilmistir. Yapilan analizler sonucunda 21 adet
ucucu yag bileseni tespit edilmistir. En yiiksekler arasindan ana bilesenler olarak Gamma-terpinene
(%27.49), Carvacrol (%27.38) ve P-cymene (%14.40) belirlenmistir. Fusarium oxysporum kiitinaz
yapist ile H-bagl etkilesimleri ortaya ¢ikaran baglica monoterpenlerin etki mekanizmasi molekiiler
modelleme teknikleri kullanilarak arastirilmis ve bu yontemler kullanilarak da en diisiik baglanma
enerjileri hesaplanmistir. Verilen bulgularin, yaygmn kekik bitkilerinden fitoterapotik bilesikler
olusturmaya yonelik gelecekteki arastirmalarin yolunu agmasi olasidir.

Anahtar kelimeler: Ugucu yag bileseni, tibbi bitki, molekiiler modelleme, molekiiler baglanma,
patojen

Characterization of essential oil and in silico modelling perspectives of thyme
(Thymus eigii M. Zohary et P.H. Davis) jalas species

Abstract: In recent years, the use of herbal medicines has increased, including the use of aromatic
plants and plants used for their therapeutic properties. To meet this ever-increasing demand, the
quantity of active compounds extracted from medicinal plants must be significantly determined. For
this study, plant samples of thyme (Thymus eigii M. Zohary et P.H. Davis) were collected from
Amanos Mountain in the province of Hatay. Hydrodistillation was utilized to extract the essential oil
from the aboveground portion of the plant, and Gas chromatography-mass spectrometry (GC-MS) was
utilized to analyze the essential oil's constituents. As a consequence of the analysis, twenty-one
components of essential oils were identified. The principal components were determined as Gamma-
terpinene (27.49%), Carvacrol (27.38%), and P-cymene (14.40%). The mechanism of action of the
major monoterpenes that reveal H-bonded interactions with the structure of Fusarium oxysporum
cutinase was investigated using molecular modeling techniques, and the lowest binding energies were
calculated using these techniques. The presented findings are likely to pave the way for future research
on phytotherapeutic compounds derived from common thyme plants.

Keywords: Essential oil component, medicinal plant, molecular modelling, molecular docking,
pathogen
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INTRODUCTION

Thymus eigii, also known as T. syriacus subsp. eigii, belongs to the Lamiaceae family and is
indigenous to regions in southern Europe and Asia. It is classified under the Thymus genus, which has
over 300 species of resilient perennial herbaceous plants and subshrubs (Kénemann, 1999). T. eigii,
similar to other species such as Thymus, Coriandrum, Thymbra, Coridothymus, and Satureja found in
the Turkish flora, is often referred to as "kekik." This particular plant has a limited distribution in the
southern Anatolia region (Davis, 1982; Kocabas and Karaman, 2001; Barut et al., 2021). The plant
exhibits natural growth at elevations ranging from 500 to 915 meters in the regions of Lebanon, Syria,
and Turkey (Barut et al., 2021).

The use of botanical resources for medicinal purposes is extensively practiced on a global scale.
Active compounds present in plants are naturally occurring molecules that elicit physiological
responses in both people and animals, while posing no damage to the environment. The chemical
composition, therapeutic properties, and industrial applications of Thymus L. (thyme) species have
been extensively studied on a global scale (Baser et al., 1996; Maharramov and Hiiseynova, 2017;
Barut et al., 2021).

Thyme, a botanical herb often used as a culinary seasoning, has a diverse array of applications
including medicinal, pharmaceutical, and agricultural domains, encompassing both plant and animal
cultivation. Thyme has been extensively used within the medical domain for an extended period,
specifically for the therapeutic management of several ailments (Altundag and Aslim, 2005). Previous
research has shown that thyme juice has regulatory properties, as it alleviates spasms in the stomach
and intestines, aids in digestion, and exhibits analgesic effects (Baser, 2001). Carvacrol, chemically
known as 2-methyl-5-(1-methylethyl), is a phenolic monoterpenoid that exists in a liquid state and is
often found in the essential oil of thyme. The substance has antibacterial, antioxidant, and anticancer
effects. The induction of apoptosis by Carvacrol has been seen in both in vivo and in vitro
investigations, whereby it exerts its effects on many genes and apoptotic pathways (Sharifi-Rad et al.,
2018). In a research conducted by Kogak and Boyraz (2006), an evaluation was carried out to assess
the antifungal properties of thyme oil in comparison to several other plant extracts. The impact of
thyme oil on plant pathogenic fungus, including Alternaria mali, Fusarium oxysporum, Botrytis
cinerea, Sclerotinia sclerotiorum, and Colletotrichum circinans, has been examined by researchers.
The findings of their study, which included a comparative analysis of the antifungal activities of thyme
oil and many other plant extracts, indicate that thyme oil exhibited efficacy against fungi at elevated
doses (10 ul and 50 pl).

The fungus known as Fusarium oxysporum is transmitted via the soil. (Gordon and Martyn,
1997). In addition, Fusarium oxysporum is a huge species complex that includes plant infections.
These pathogens target their attacks on a wide variety of species in a way that is host-specific (Fourie
et al., 2011). In certain soils, referred to as favorable soils, soil-borne pathogens like Fusarium
oxysporum are able to flourish and cause serious illnesses. On the other hand, in other soils, referred to
as suppressive soils, these pathogens are able to flourish considerably less and produce much less
severe diseases (Smith, 2007). The species contains a broad variety of strains that cause wilts or rots
on numerous plant species (Dean et al., 2012). Also, there is evidence that Fusarium oxysporum is
responsible for the illness that affects a wide variety of plants, including cotton, potato, and ornamental
plants (Peters et al., 2008; Lecomte et al., 2016; Halpern et al., 2018). Researchers investigated how
essential oils extracted from plants fared against the fungus Fusarium oxysporum (Barrera-Necha et
al., 2009; Sharma et al., 2017). Essential oils have been shown to be effective against Fusarium wilt
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disease in both a preventative and therapeutic capacity, thanks to the fact that the primary components
of essential oils are able to break the cell membrane and produce a significant shift in the permeability
of the cell (Gill and Holley, 2006; Sharma et al., 2017).

Cutin is one of the most prevalent polymers in nature and is made up of B-1,4 N-acetyl
glucosamine units. Cutinases are hydrolytic enzymes that break down glycosidic bonds in chitin.
Cutinase is found in the cell walls of fungus organisms (Tharanathan and Kittur, 2003). Extracellular
cutinases are a kind of serine esterase that are used by the majority of plant diseases and saprophytes in
order to break down cutin (Purdy and Kolattukudy, 1975). A cutinase that was produced by Fusarium
oxysporum was analyzed for its biochemical and structural properties by Dimarogona et al. (2015).

This study was carried out to determine the essential oil ratios and components of Thyme
(Thymus eigii M. Zohary et P.H. Davis) Jalas species, which grow naturally in Amanos Mountain in
Hatay province and are widely found in the flora. In addition, in light of the information presented
above, an estimation of the interaction was determined by using the primary components of Thymus
eigii essential oils in order to reveal the enzymatic mechanism of action against the target enzyme,
which was Fusarium oxysporum cutinase. This was done through the use of in silico methods.

MATERIAL AND METHOD
Material

The plants were collected from Amanos Mountain in Hatay, Tirkiye. The plants were sampled
by recording their locations using a GPS device each time they were inspected for field research.

Method
Obtaining the Essential Oil

The samples taken were dried in the shade after taxonomic identification, and were grouped
according to the species names and localities from which they were taken. The 100 g of shade-dried
plant samples were treated to a 3-hour hydrodistillation using a Clevenger equipment. The oils were
extracted with dH>O and kept in a sealed vial under N2 pressure until usage at 20 °C. After taking
enough samples, essential oil was obtained from these samples by steam distillation method with the
Clevenger apparatus.

Determination of essential oil components and GS-MS

The acquired essential oil was extracted into a solvent (N-hexane) from water, and after dilution,
the essential oil components were analyzed using the GC-MS (Gas Chromatography-Mass
Spectrometry) instrument at Ercis Vocational School of Van Yuzuncuyil University. As a preliminary
investigation, the essential oil components of several previously collected plant species were
identified, and the following program was selected to be the GC-MS temperature program that yielded
the best results for essential oils in the tests. All samples were run with the same software. For analysis
of GS-MS, it was used the same procedures that Yildirim et al. (2016) describe.

In silico prediction of molecular docking studies

The term "in silico analysis" pertains to the practice of conducting scientific investigations via
the use of computer simulations, modeling, and analysis, as opposed to empirical experimentation
(Korkmaz et al., 2022). This methodology has the potential to save expenses, optimize time use, and
sometimes provide a viable substitute in situations when doing trials is arduous or hazardous (Cairns et
al., 2016; Usta et al., 2023). Silico molecular coupling simulations were applied to investigate the
interaction of naturally sourced bioactive compounds (components of thyme) with the crystal structure
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of Fusarium oxysporum cutinase (https://www.rcsb.org/structure/SAJH). We made use of this method
to study whether or not it interacts with the structures of alpha-pinene, beta-pinene, and beta-
phellandrene, which are the three primary compounds found in the essential oil derived from thyme.
Chimera (version 1.16) tools were used in order to produce protein structures ready to use as docking
targets (Butt et al., 2020).

RESULTS and DISCUSSION

Essential oil components isolated using GC-MS for the investigated thyme are presented in
Table 1 along with their retention index and relative rates. The discovery of twenty-one components
represented 100% of the plant’s total essential oil, according to the data. The primary constituents of
the T. eigii plant were Gamma-terpinene (27.49%), Carvacrol (27.38%), and P-cymene (14.40%)
(Table 1).

Table 1. Essential oil constituents of thyme (Thymus eigii M. Zohary et P.H. Davis) Jalas

Peak Component Retention Index  Rate (%) Peak Component Retention Index  Rate (%)
1 Alpha-pinene 3.054 3.12 12 3-octenol 8.872 0.26
2 Camphene 3.506 0.20 13 Trans sabinene hydrate 9.118 0.24
3 Beta-pinene 3.995 0.35 14 Linalool 10.231 0.66
4 3-carene 4.525 0.16 15 Trans-caryophyllene 11.064 3.09
5 Beta-Myrcene 4,713 5.44 16 Aromadendrene 11.194 0.45
6 Alpha- terpinene 4.969 7.20 17 Thymol acetate 14.399 0.25
7 Limonene 5.232 0.81 18 Caryophyllene oxide 15.826 0.37
8 Beta-phellandrene 5.378 0.58 19 Spathulenol 17.204 0.47
9 Gamma-terpinene 5.998 27.49 20 Thyme camphor 17.679 6.76
10 P-cymene 6.346 14.40 21 Carvacrol 18.027 27.38
11 Terpinolene 6.491 0.32

Can Baser (2008) documented that the genera Origanum, Thymus, Coridothymus, Thymbra
satureja, and Lippia exhibit a high concentration of carvacrol, which is notably associated with many
biological activities. The investigator's finding also provides evidence for the presence of carvacrol as
the primary component in the present investigation. Tiimen et al. (1995) conducted an analysis to
identify the constituents of the essential oils in several thyme species. According to the paper,
carvacrol is identified as the primary constituent of Thymus eigii, with concentrations ranging from
30% to 65%. In the present investigation, the proportion of carvacrol, a prominent constituent, was
found to be 27.38%. This observation aligns with the results reported by the researcher. Baser et al.
(1996), in their study, detected carvacrol (64.61%) as the main component in the essential oil of the
Thymus eigii species. In this study, carvacrol was identified as one of the main components and its rate
was found to be low. There is a partial similarity with the findings of the researchers. In their study,
Tepe et al. (2004) discovered that the essential oil content derived from different aerial portions of the
Thymus eigii species consisted mostly of 30.6% thymol, 26.1% carvacrol, and 13% P-cymen. The
primary components identified in the present investigation were carvacrol, gamma-terpinene, and p-
cymene. While the carvacrol to p-cymene ratio exhibits a notable similarity, the present study
incorporates gamma-terpinene as another principal constituent. The researcher's findings also indicate
the presence of thymol as distinct components, yielding somewhat comparable outcomes. According to
the research conducted by Goze et al. (2009), carvacrol was shown to be the predominant compound in
Thymus fallax, similar to other species of thyme, with a composition of 46.15%. The findings align
with the observation that carvacrol is the primary component investigated in the present investigation.
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According to a study conducted by Zehra Kiigiikbay et al. (2003), three distinct varieties of Thymus
kotschyanus were examined. The essential oils of two of these varieties were found to mostly consist
of geraniol and geranyl acetate, whilst the third variety exhibited a significant presence of
monoterpene chemicals, particularly carvacrol and p-cymene. The research conducted by Barut et al.
(2021) examined Thymus eigii, a perennial shrub from the Lamiaceae family that is often found in the
Adana and Hatay regions of Turkey. The primary objective of the study was to determine the most
favorable period for harvesting in order to achieve the highest possible essential oil production and
overall plant attributes. The results indicated that the full-flowering stage was associated with the
greatest plant height, diameter, fresh herb and flower output, as well as dried herb and flower yield.
Regarding the composition of essential oils, they were observed that carvacrol constituted the primary
constituent, exhibiting fluctuations in its content throughout different phases of development. As a
result, the findings of our study were similar to the studies summarized above.

There has been a significant uptick in the usage of in silico research in recent years for the
purpose of predicting the interaction of essential oils with bacteria, virus, and fungus (Jianu et al.,
2021; Kundu et al., 2021; Santana de Oliveira et al., 2021). In this work, we used in silico methods to
investigate the link between the primary components of Thymus eigii essential oil and the structure of
Fusarium oxysporum cutinase. Important essential oils found in plants have been shown to be capable
of causing a considerable alteration in the permeability of cell membranes as well as degrading the
membranes of fungus (Gill and Holley, 2006; Sharma et al., 2017).

Chimera software was used for in silico prediction (Usta et al., 2023). For assessing the quality
of each redocking posture, both the root means square deviation (RMSD) values and docking scores
were taken into consideration. The research that has been done indicates that the root means square
deviation (RMSD) values between the redocked protein and the crystallographic ligand should be
fewer than 2A (angstrém) (Silva et al., 2019). As a result of this study, the RMSD that we calculated
came out to be lower than 2 for carvacrol, gamma-terpinene, and p-cymene. It was found that
carvacrol had the highest docking score, and this information was compared with the predicted binding
score for the other three compounds (-6.8 for carvacrol, -5.4 for p-cymene, and -5.2 for gamma-
terpinene). The formation of stable protein-ligand complexes is measured by the low docking scores
(Kundu et al., 2021). As a consequence of this, present research involving molecular docking placed
carvacrol in the top position in terms of docking scores. Figure 2 depicts the carvacrol molecule in the
optimal binding position, which involves placing amino acid (Serine: SER and asparagine: ASN)
residues in specific binding pockets of the enzyme. Also, gamma-terpinene was attached to the amino
acid SER (Serine) and ARG (Arginine) (Figure 2), whereas P-cymene was bound to the LEU
(Leucine) amino acid (Figure 3).
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1 SER 432.C

1ASN 474.C

Figure 2. Docking structre of Carvacrol and 5AJH
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Figure 3. Docking structre of P-cymene and 5AJH

CONCLUSION

Aromatherapy, antimicrobial benefits, and the relief of cold and flu symptoms are just some of
the numerous uses for essential oils with therapeutic effects, which are extensively employed in many
public and private settings. Thymus eigii may be of importance for human health, as shown by the
attention it has received due to its essential oils. The development of these naturally occurring
bioactive molecules has the potential to assist in mitigating a number of unfavorable consequences of
synthetic antibiotics, including residue, resistance, and environmental harm. As a consequence of these
observations, perhaps new paths might be opened for the development of novel phytotherapeutic
medicines derived from this plant. The analysis of the components of essential oils showed that
carvacrol, gamma-terpinene, and P-cymene were present in high concentrations. Detailed knowledge
of the relationships between ligands and target proteins was detected; specifically, it was discovered
that three key components bind firmly to residues of the enzymatic pocket of Fusarium oxysporum
cutinase synthase. To have a better understanding of the mechanism behind the actions of Thymus
eigii's essential oils, further study is needed.
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