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ICINDEKILER

Antimicrobial Agent Development Using Green Synthesis
and Bioinformatics Methods ...........cccocevvviiiiieie i, 1
Istk CAKMAK, Nurhan GUMRUKCUOGLU

Sitma ve Tedavisi: Farmakolojik ve Bitkisel
Yaklasimlar...........ccoooooiiiiii 23
Ayse Banu PAK



"Bu kitapta yer alan boliimlerde kullanilan kaynaklarin, goriislerin,
bulgularin, sonuglarn, tablo, sekil, resim ve her tiirlii icerigin
sorumlulugu yazar veya yazarlarina ait olup ulusal ve uluslararast
telif haklarima konu olabilecek mali ve hukuki sorumluluk da
yazarlara aittir."
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ANTIMICROBIAL AGENT DEVELOPMENT
USING GREEN SYNTHESIS AND
BIOINFORMATICS METHODS

Istk CAKMAK!
Nurhan GUMRUKCUOGLU?

1. INTRODUCTION

Antimicrobial resistance (AMR) is a critical global health
problem that arises when pathogens develop resistance to existing
treatments and affects millions of people each year. According to
the World Health Organization, AMR has the potential to cause
10 million deaths annually by 2050, placing significant pressure
on healthcare systems and economies (WHO, 2024). The
development of resistance stems from the overuse and misuse of
antibiotics, widespread use of pesticides/antibiotics in
agriculture, and inefficient new drug development processes
(Murray et al., 2022).

Traditional drug development processes are unsustainable
due to high costs, long timeframes, and environmental burden.
Therefore, environmentally friendly, energy-efficient, and non-
toxic waste-producing methods are gaining prominence in the
development of new antimicrobial agents. Additionally, using
bioinformatics and in silico modeling in drug discovery allows
for pre-experimental efficacy and toxicity prediction, thus
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reducing unnecessary animal testing and laboratory consumption
(Sliwoski et al., 2013).

Green chemistry is based on twelve fundamental
principles aimed at minimizing the use and generation of harmful
substances in the design of chemical products and processes
(Anastas & Warner, 1998). These principles include waste
prevention, the use of renewable raw materials, energy efficiency,
and the use of non-toxic solvents and reagents. Today, green
chemistry approaches are applied in a wide range of areas, from
pharmaceutical production to agricultural chemicals (Anastas,
2022).

The integration of green chemistry and bioinformatics
provides both sustainability and speed in the development of new
antimicrobial agents. Data-driven solvent and reagent selection
reduces the use of hazardous substances and increases process
efficiency (Boobier et al., 2025; Yamaki et al., 2024).
Bioinformatics-supported enzyme engineering and machine
learning algorithms enable the design of biocatalysts that operate
at low temperatures and in environmentally friendly conditions
(Ndochinwa et al., 2024; Sheldon, 2024). Furthermore, metabolic
engineering and systems biology approaches are optimizing the
production of target molecules from renewable carbon sources
(e.g., CO), aligning with the goals of a circular bioeconomy (Lee
et al., 2025). In the regulatory arena, New Approach
Methodologies (NAMS) offer safety data more relevant to human
biology while reducing animal use, a transformation highlighted
inthe U.S. FDA's 2025 roadmap (U.S. FDA, 2025). Furthermore,
toolkits that connect green chemistry metrics with software and
Life Cycle Assessment (LCA) automation strengthen
sustainability traceability from laboratory to production by
digitizing decision-making processes (Derbenev, et al., 2022).
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The aim of this study is to promote the use of
environmentally friendly and sustainable methods in the
development of new antimicrobial agents to address the growing
problem of antimicrobial resistance (AMR). In this context, by
integrating green chemistry principles with bioinformatics
approaches, we aim to develop strategies that reduce toxicity and
environmental impact, increase energy efficiency, and shorten
development time in drug discovery and development processes.
Figure 1 summarises the general framework of the antibacterial
agent discovery process through the integrated use of green
synthesis and bioinformatics approaches.

Figure 1. Graphical abstract illustrating the integrated approach
of green synthesis and bioinformatics in antibacterial agent
discovery

2. GREEN SYNTHESIS APPROACHES AND
ANTIMICROBIAL AGENTS

2.1. Synthesis from Natural Sources

2.1.1. Metal Nanoparticle Synthesis with Plant
Extracts

Plant extracts play a key role in the environmentally
friendly synthesis of metal nanoparticles (NPs). This biosynthetic
approach minimizes the use of toxic chemicals and enables
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sustainable nanotechnology applications (Azad, Rahman, &
Islam, 2023).

Plant compounds, particularly phenolic compounds,
flavonoids, alkaloids, and other phytochemicals, reduce metal
ions and help stabilize nanoparticles (Ali et al., 2025).
Optimization of synthesis parameters—pH, temperature, extract
concentration, and metal salt concentration—controls properties
such as size, shape, and distribution of nanoparticles (Ali et al.,
2025). For example, silver (AgNP), zinc oxide (ZnO-NP) and
copper oxide (CuO-NP) nanoparticles synthesized using the
Trianthema portulacastrum plant show antibacterial, antifungal,
antioxidant and wound healing activities (Ahmed, Zhang,
Farghali, Rashwan, & Eltaweil, 2024).

2.1.2. Environmentally Friendly Derivatives of
Phytochemicals

Phytochemicals are central to environmentally friendly
derivatization in natural green chemistry applications. These
compounds are used in the synthesis of biologically active and
environmentally friendly derivatives (Azad, Rahman, & Islam,
2023). Plant compounds reduce metal ions and provide
stabilization on the surface of nanoparticles, increasing
biocompatibility (Ali et al., 2025). Green-synthesized
nanoparticles not only possess antibacterial and anti-cancer
potential but also offer safer applicability in living systems due to
their low toxicity (Ahmed et al., 2024).

In terms of photocatalytic materials, phytochemicals
obtained from plant and agricultural waste extracts can be used as
environmentally friendly precursors in the production of
nanoparticles such as CuO, ZnO, Ca0, and FeO (Ahmed et al.,
2024).
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2.2. Green Synthesized Antimicrobial Agents

Antimicrobial agents synthesized in accordance with
green chemistry principles stand out for their environmentally
friendly and biocompatible properties (Gul & Khan, 2023; Azad,
Rahman, & Islam, 2023).

2.2.1.Schiff Bases

Schiff bases are imine derivatives obtained by the
condensation of amine and carbonyl compounds. They hold an
important place in pharmaceutical and biotechnological fields due
to their biological activities. Schiff bases prepared by green
synthesis methods offer more environmentally friendly and
economical advantages over traditional methods. For example,
Schiff bases can be synthesized using natural acids, green
solvents such as water, and microwaves (Sharma & Kumar,
2023a; Siddiqui & Khan, 2024).

2.2.2.Hydrazones, Oxadiazoles, and Metal Complexes

Hydrazones, oxadiazoles, and their metal complexes are
notable for their antimicrobial properties. In particular,
complexes formed with transition metals such as Co(ll), Ni(ll),
Cu(Il), and Zn(ll) exhibit strong antimicrobial activity. The
preparation of these compounds through green synthesis methods
offers an environmentally friendly and sustainable approach
(Arora, Devi, Boora, Taxak, & Rani, 2023; Sharma & Kumar,
2023b).

2.2.3.Nanoparticle Applications

Green-synthesized antimicrobial nanoparticles have
significant potential in biomedical and environmental
applications (Ali et al., 2025; Ahmed et al., 2024).

» Silver Nanoparticles (AgNPs): AgNPs synthesized using
Curcuma longa flower extract exhibit effective
antimicrobial activities against bacteria such as
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Mycobacterium smegmatis, Staphylococcus aureus, and
Escherichia coli. The nanoparticles are approximately 5
nm in size, and their minimum inhibitory concentrations
range from 39.06 pg/mL to 625 pg/mL (Jain, Singh, &
Verma, 2023).

* Melamine Bayonets Coated with Silver Nanoparticles:
Silver nanoparticles synthesized in situ on melamine
bayonets have the potential for use in wound dressings
and medical device coatings.

» Photocatalytic Applications: Silver and zinc oxide (ZnO)
nanoparticles are effective in the removal of organic
pollutants and water purification processes (Patel, Verma,
& Singh, 2025).

e Biomedical Applications: Green synthesized
nanoparticles can serve as drug carriers and exhibit both
antibacterial and anticancer activities (Sharma & Kumar,
2023a).

3. BIOINFORMATICS METHODS AND
ANTIMICROBIAL DRUG DEVELOPMENT

In recent years, natural antimicrobial proteins and their
synthetic derivatives have become crucial for new antibiotic
research (Askar & Kontas Askar, 2017). A thorough
understanding of antimicrobial resistance mechanisms provides
the foundation for the development of innovative drugs that
minimize resistance. DNA gyrase (GyrA/B) and topoisomerase
IV (ParC/E), bacterial type Il topoisomerases, are the primary
targets of both commonly used antibiotics in clinical practice and
new drug discovery studies (Leyn et al., 2024). The cell
membrane is considered an important and promising target
because it plays a critical role in bacterial survival (Breijyeh &
Karaman, 2023). p-lactams are among the most widely used
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antibacterial agents worldwide and include penicillins and
cephalosporins; It weakens the bacterial cell wall by covalently
inhibiting penicillin-binding proteins involved in peptidoglycan
synthesis and exerts a bactericidal effect (Mora-Ochomogo &
Lohans, 2021). The construction and function of the cell
membrane are largely dependent on lipids (Rowlett et al., 2017).
Bacterial Type Il fatty acid biosynthesis (FASII) and related
enzymes are important targets for antimicrobial agent
development because they are critical for phospholipid
production and cell growth. Enzymes such as FabH, FabB/FabF,
and Fabl, in particular, are inhibited by natural products and
drugs, inhibiting bacterial growth and standing out as promising
targets for resistant infections (Breijyeh & Karaman, 2023).

Another mechanism, biofilm, is a critical defense
mechanism that protects bacteria within an EPS layer, allowing
them to escape physical and biological stresses, immune
responses, and antibiotics (Ozgen & Unlii, 2022). In one study,
the interaction between the Pseudomonas aeruginosa YfiBNR
ternary signaling complex, which plays a role in biofilm
formation as an antibacterial target, and the anthocyanin peonidin
molecule was investigated using molecular docking. The study
demonstrated ligand-protein binding, supporting potential
antimicrobial strategies for biofilm inhibition (Ozgen & Unl(,
2022).

In a different study, using E. coli B-ketoacyl-ACP
synthase 111 (KAS 111, PDB ID: 1HNJ) as an antibacterial target,
the potential antibacterial properties of previously synthesized
sulfonamide derivatives were investigated using molecular
docking. The docking results showed that the derivatives could
bind to the enzyme and had binding energies comparable to those
of the commercial antibacterial agent triclosan (Oztirk et al.,
2021).
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Docking studies targeting the enoyl-ACP reductase
enzyme of M. tuberculosis identified compounds u05, u06, and
u07 as potential antimicrobials through binding to Tyr158 and
NAD" (Senel et al., 2016). Similarly, sabinene from L. nobilis
bound strongly to the MreC protein, potentially disrupting cell
wall synthesis. L. nobilis extracts also significantly inhibited E.
coli and P. mirabilis, indicating promise against antibiotic-
resistant strains (Sugecti & Sertgelik, 2024).

Computational techniques are used to examine the
properties of compounds, design new derivatives, and investigate
potential therapeutic applications. These methods help
understand drug mechanisms of action and facilitate the
discovery and optimization of precursor materials. Molecular
docking and molecular dynamics simulations simulate ligand-
protein interactions as part of computer-aided drug design and
support lead identification at the preclinical stage; the aim is to
predict the native position, conformation and stability of the
compound in the target protein (Dilek et al., 2024).

In one study, molecular docking, molecular dynamics
(MD) simulations, and binding free energy analysis were
performed to investigate the structure-activity relationships and
mechanisms of action of novel DNA gyrase B (GyrB) inhibitors.
Contour maps of steric, electrostatic, and hydrogen bond donor
sites revealed the inhibitors' properties. MD simulations showed
that key amino acids in the active site (lle54, Glu55, Arg83,
Ala85, Val86, Thr128) are critical for inhibitor selectivity. These
findings provide important guidance for the discovery and design
of new GyrB inhibitors (Wang et al., 2022).

To develop new antibacterial agents against resistant
bacteria, benzothiazole and N-phenylpyrolamide derivatives
were coupled to DNA Gyrase B, and new molecules were
generated through de novo design. The six best analogs were
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selected through pharmacokinetic and binding analyses; MD
simulations showed that these molecules form stable and high-
affinity complexes with DNA Gyrase B. These molecules could
be considered promising antibacterial agents with in vitro
validation (Islam & Pillay, 2020).

In one study, novel morpholine- and piperazine-
containing 4-thiazolidinone derivatives (6a-6e, 7a-7e) were
designed, synthesized, and characterized using various analytical
techniques. Docking studies revealed the binding affinity and key
interactions of the compounds with the microbial transcriptional
regulator (TcaR) protein. Derivatives 6b and 6d are potent
inhibitors equivalent to ampicillin against S. pyogenes and E.
coli; the piperazine compounds exhibited higher binding affinity
than the morpholine-containing ones. Molecular dynamics
simulations confirmed that the most promising compound, 6b,
forms a stable complex with the protein. In silico ADMET
analyses showed that all compounds were non-toxic and non-
carcinogenic (Vaghasiya et al., 2023).

Green synthesis offers a cost-effective, eco-friendly, and
sustainable alternative for compound production, with in silico
ADMET predictions enhancing early-stage drug development
(Wu et al.,, 2020). A solvent-free heating method produced
antibacterial and antifungal chalcone and pyrazole derivatives
with strong DNA-binding potential (TN et al., 2023). Similarly,
functionalized hydrazones synthesized via a one-pot green
method showed superior antimicrobial activity, with docking and
ADMET analyses confirming high binding affinity and favorable
pharmacokinetics (Patel et al., 2024).

Network biology and systems biology approaches play a
significant role in the development of antimicrobial agents.
Protein-protein interaction networks are critical for understanding
biological processes and diseases. These networks represent the
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interactions between proteins and are used in drug design, target
identification, biomarker discovery, and the development of
treatment strategies (Safari-Alighiarloo et al., 2014).

The recent prevalence of multidrug-resistant bacteria has
made antimicrobial resistance a critical public health threat. To
understand this resistance, it is crucial to examine the resistance
mechanisms of microorganisms at the systems level. Whole
genome sequencing and omics techniques such as
transcriptomics, proteomics, and metabolomics provide
fundamental information about the physiological processes
associated with resistance (Go et al., 2024). To increase the
predictive power of the obtained data, the use of mathematical
and genome-wide metabolic models is necessary. Thus, omics
and systems biology approaches provide a powerful framework
for understanding the mechanisms of antibiotic resistance and
developing new strategies (Francine, 2022).

Pathogen-host interactions (PHI) enable pathogens to
initiate infection by manipulating host cells. Understanding
infection mechanisms requires examining PHI networks at the
systems level. Large-scale PHI data generated in the post-
genomic era is being analyzed using systems biology methods
and contributing to the development of new therapeutics (Durmus
etal., 2015).

Protein-protein  interaction  (PPI)  networks are
information-rich maps that help us understand how cells function.
These networks in yeast and human cells exhibit a strong and
flexible organization, resembling the guiding structure of the
Internet. Intermediate proteins form the backbone of the network
and are advantageous as drug targets. This allows drug
combinations targeting lesser-known proteins to be both more
effective and reduce side effects (Hase et al., 2009).

10
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Many critical cellular functions in viruses, bacteria, and
other pathogens depend on protein-protein interactions (PPIs).
These interactions can occur between pathogens, between
pathogens and hosts, or between host cells, all of which offer
potential avenues for new anti-infective drug targets. Bacterial
protein-protein interactions are linked to critical processes not
found in eukaryotic cells and are important for developing new
pathogen-selective targets. Disruption of these interactions can
lead to bacterial growth arrest or cell death. PPIs play roles in vital
functions such as bacterial division (FtsZ, SSB), transcription
(RNA polymerase), and toxin-antitoxin systems. Both small
molecule and peptide inhibitors have been developed and
identified through screening methods (Kahan et al., 2021).

In antibacterial drug discovery, targeting conserved regions in
bacterial or pathogen-host interactions is important to reduce the
development of resistance. This approach allows a drug to affect
multiple targets or multiple pathways (Zoraghi & Reiner, 2013).

4. GREEN SYNTHESIS AND BIOINFORMATICS
INTEGRATION: CASE STUDIES PLANT-
BASED NANOPARTICLES AND BACTERIAL
TARGET PROTEINS

Plant-based nanoparticles (NPs) are nanomaterials
synthesized by the reduction of biological compounds obtained
from natural sources and are notable for their environmentally
friendly properties (Ali et al., 2025; Ahmed, Zhang, Farghali,
Rashwan, & Eltaweil, 2024). These nanoparticles are of great
interest in the medical and biotechnological fields, particularly
due to their antibacterial properties. The interaction of
nanoparticles with bacterial target proteins is important for
understanding antibacterial mechanisms (Jain, Singh, & Verma,
2023).

11
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For example, the effectiveness of silver nanoparticles
(AgNPs) against bacterial pathogens such as Escherichia coli and
Staphylococcus aureus is associated with the interaction of these
nanoparticles with cell walls and membranes, inducing oxidative
stress. Using bioinformatics approaches, the interactions of
AgNPs with bacterial proteins and the molecular mechanisms of
these interactions have been studied (Patel, Verma, & Singh,
2025). Molecular docking analyses reveal the binding potential of
AgNPs to bacterial proteins and the biological effects of this
binding (Sharma & Kumar, 2023a). Furthermore, studies on the
interaction of nanoparticles synthesized using plant extracts with
bacterial target proteins help us understand the molecular
mechanisms of their antibacterial activity (Ali et al., 2025).
Detailed analysis of these interactions plays an important role in
the development of next-generation antibacterial agents (Ahmed
et al., 2024).

5. CHALLENGES AND FUTURE PERSPECTIVES
5.1. Standardization Issues in Green Synthesis

Green synthesis methods, despite being environmentally
friendly and sustainable, present certain technical and practical
challenges. Especially in biosynthetic methods using natural
resources, the extract's component profile, plant species,
seasonality, and geographical conditions can directly affect
nanoparticle properties (Ali et al., 2025; Ahmed et al., 2024). This
leads to inconsistencies in the size, shape, and distribution of
synthesized nanoparticles, making reproducibility of results
difficult (Patel, Verma, & Singh, 2025).

Furthermore, the lack of standardized production
protocols poses a serious obstacle when transferring laboratory-
scale optimized parameters to industrial production (Azad,
Rahman, & Islam, 2023). Therefore, standardization of plant

12
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extract preparation, metal salt concentration, and synthesis
conditions is critical to the reliability and applicability of green
synthesis methods (Sharma & Kumar, 2023a).

In the future, bioinformatics and Al-assisted optimization
approaches could help make synthesis processes more consistent
and reproducible (Jain, Singh, & Verma, 2023). Furthermore,
multicenter studies and international standard protocols could
ensure the safe use of green-synthesized nanoparticles in
pharmaceutical and biomedical applications.

5.2. Accuracy and Validity of Bioinformatics Data

Bioinformatics is a critical tool for understanding the
antibacterial activities of green-synthesized nanoparticles and
their interactions with molecular targets (Patel, Verma, & Singh,
2025). However, inconsistencies and incomplete information in
databases and modeling methods can limit the accuracy and
validity of results (Sharma & Kumar, 2023a). Up-to-date and
high-quality protein and ligand data used in molecular docking
and simulation studies is crucial for the reliability of the
predictions obtained (Jain, Singh, & Verma, 2023).

5.3. Integration of Artificial Intelligence and Machine
Learning

Artificial intelligence (Al) and machine learning (ML)
hold great potential for accelerating green synthesis and
bioinformatics studies (Ahmed et al., 2024). For example, Al
algorithms can model the relationships between nanopatrticle size,
shape, and biological activity and optimize synthesis parameters
(Ali et al., 2025). Machine learning provides reliable predictions
for toxicity predictions and target protein interactions by
extracting meaningful patterns from large bioinformatics datasets
(Patel et al., 2025).

13
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5.4. Sustainable Drug Development Strategies

The integration of green synthesis and bioinformatics
forms the basis of sustainable drug development strategies (Azad,
Rahman, & Islam, 2023). This approach accelerates the discovery
of biocompatible and environmentally friendly drug candidates
while reducing the use of toxic chemicals (Sharma & Kumar,
2023b).  Furthermore, bioinformatics and  Al-assisted
optimization minimizes resource usage, enabling cost-effective
and environmentally sustainable drug production (Ahmed et al.,
2024).

6. CONCLUSION

Antimicrobial resistance (AMR) is a critical problem that
poses a serious threat to public health, agriculture, and industry
on a global scale and requires multifaceted strategies to address
it. This study demonstrates the potential offered by integrating
green synthesis approaches and bioinformatics methods in the
development of new antimicrobial agents. Green chemistry
principles enable environmentally friendly production processes
by minimizing the use of toxic chemicals and waste generation,
while bioinformatics techniques and in silico modeling allow for
the pre-experimental prediction of the efficacy and safety profiles
of candidate compounds.

Green-synthesized compounds, such as plant-based metal
nanoparticles, Schiff bases, and metal complexes, are both
biocompatible and have high antimicrobial activity potential.
Molecular docking, molecular dynamics simulations, and
ADMET analyses enable detailed evaluation of the interactions
and pharmacokinetic properties of these compounds with target
proteins, accelerating the drug development process.

14
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However, challenges remain in green synthesis methods,
including a lack of standardization, the accuracy of
bioinformatics data, and adaptability to industrial scale. In the
future, multi-center international protocols, along with Al and
machine learning-based optimization approaches, will contribute
to overcoming these challenges.

In conclusion, the integration of green synthesis and
bioinformatics provides a cost-effective and scientifically sound
framework that minimizes environmental impacts, paving the
way for a sustainable solution to combat antimicrobial resistance.

15
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SITMA VE TEDAVIiSi: FARMAKOLOJIK VE
BIiTKISEL YAKLASIMLAR

Ayse Banu PAK!

1. GIRIS
1.1. Hastahk Bilgisi

Sitma (malarya), basta tropikal ve subtropikal kusaklarda;
Ozellikle Akdeniz dis1 Afrika, Giiney Asya ve Latin Amerika'nin
bazi bolgelerinde goriilen, her yil binlerce 6liime yol agan 6nemli
bir kiiresel halk sagligi sorunudur (Al-Awadhi ve ark., 2021;
Alghamdi ve ark., 2024). Etkeni Plasmodium cinsi protozoon
parazitler olan bu hastalik, insanlik tarihinin en eski ve en yaygin
bulasict hastaliklarindan biri  olarak kabul edilmektedir.
Bulagmasi, baglica Anopheles cinsi disi sivrisineklerin kan emme
sirasinda paraziti insana aktarmasiyla gergeklesir; klinik olarak
ise akut atesle seyreden bir enfeksiyon tablosu ile karakterizedir.

“Sitma” terimi, Plasmodium parazitlerini bulastiran
Anopheles sivrisineklerinin iireme alanlart olan bataklik ve
batakliklarin etrafindaki kotii hava ile olan iliskisi nedeniyle
Italyanca “mal'aria” kelimesinden “kéti hava” olarak terciime
edilmektedir (Duffy ve ark., 2024). Ancak modern mikrobiyoloji
ve epidemiyoloji ¢alismalari, hastaligin etkeninin Plasmodium
cinsi protozoon parazitler oldugunu ve bulasin baglica enfekte
Anopheles disi sivrisineklerinin insant sokmasiyla gergeklestigini
ortaya koyarak gergek etiyolojiyi acikliga kavusturmustur.

L QOgretim Goérevlisi Doktor, Trabzon Universitesi, aysebanu.pk@gmail.com,
ORCID: 0000-0002-9490-3504.
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Sitma, ekolojik olarak sivrisinek vektorlerinin yogun
olarak tireyebildigi, ekonomik biiylimenin kisitlandigi ve saglik
altyapisinin zayif oldugu diisiik ve orta gelirli iilkelerde daha
yaygin bir etki gostermektedir (Sachs & Malaney, 2002). Bu
eszamanl ekolojik ve sosyoekonomik belirleyiciler nedeniyle
hastalik, s6z konusu bolgelerde yalnizca agir klinik sonuglara
degil, ayn1 zamanda ig giicii kaybi, iiretkenlik azalmasi ve saglik
hizmeti maliyetlerinin artist vb. etkilerden ekonomik bir yuk
olusturmaktadir (Anwar, 2024). Bunun yaninda saglik alt
yapisinin eksikligi ve iklim faktorleri hastaliga olan yatkinlig
artirmaktadir.

Sitma’ya yOnelik dogru ve hizli tedavi yapilamadiginda,
hastaligin 6limciil olabilecegi bilinmektedir (Duffy ve ark.,
2024). 2000-2015 doéneminde kuresel 6lcekte dnemli ilerlemeler
saglanmig; Diinya Saglik Orgiitii (DSO) tahminlerine gore yillik
sitma Oliimleri 2000°de yaklasik 839-864 bin duzeylerinden
2015’te ~438-586 bin araligina gerilemistir (Duffy ve ark.,
2024). Diinya ¢apinda, sitma 2019'daki 232 milyon vaka
gostermis 2022 yilinda ise artig ile 249 milyon vaka goriilmiistiir.
Yillik insan o6liimlerinin sitmaya bagli oldugu oran 2000-2019
doneminde istikrarl bir sekilde azalirken, bu azalan egilim 2020-
2022 doneminde yaganan Covid-19 pandemisi donemi ile birlikte
tersine donmiistlir (Diinya Sitma Raporu 2023, Diinya Saglik
Orgiti, WHO) (Daniyan ve ark., 2024) ve 2020'de bu oran
631.000'e yiikselmistir. Ancak 2022 yilinda hastaliktan dlenlerin
sayis1 608.000'e diigsmiistiir (Duffy ve ark., 2024).

Sitma, Anopheles sivrisineklerinin 1siriklari ile bulagan bir
enfeksiyon hastaligidir. Bu hastalik, 6zellikle erken donemde
ates, titreme, terleme, bas agrisi, halsizlik, kas agris1 ve kusma ile
karakterizedir bir hastaliktir (Rénia & Goh, 2016). Viral veya
bakteriyel enfeksiyonlarin aksine, klinik sitmanin ana belirtisi
tiirlere gore degisen tekrarlayan atestir. I1k sitma vakasi genellikle
grip benzeri semptomlar ile belirsizdir ve bu durum, yanlis
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tanilara veya tedavi gecikmelerine yol agabilmektedir (Duffy ve
ark., 2024).

Hastaligin boyutuna bagl olarak tedavisinde antimalaryal
ilaglar kullanilmaktadir. Ancak sitma, 6nceden var olan bagisiklik
ve erigilebilir  tedavilere = ragmen  belirtilerini  hala
surdirebilmektedir. Bu durumun nedeni kullanilan ilaglara zaman
icerisinde viicudun direng gdstermesi yer almaktadir. Dolayisiyla
sitma kontroll giderek zorlasan bir hastalik olmaktadir. Sitma
kontrol c¢abalari, Plasmodium falciparum (P. falciparum) ve
Plasmodium vivax (P. Vivax)’ta gelisen antimalaryal ilag
direncinin yani sira, giderek yayginlagsan bocek ilacina direngli
Anopheles popiilasyonlar1 tarafindan da ciddi bicimde tehdit
edilmektedir. Ayrica 2023 Diinya Sitma Raporu, iklim
degisikliginin sitma kontrolii lizerindeki etkisini vurgulamaktadir
(WHO, 2023).

Sivrisinek kontrol dnlemlerinin, kemoprevansiyonun ve
vaka yOnetiminin yaygin olarak kullanilmasina ragmen, son
yillarda sitma Oliim oranmi azaltmada c¢ok az ilerleme
kaydedilmistir (Kayentao ve ark., 2024). Bu durum, sitma
Onleyici ilaglara ve bocek ilaclarina karsi direncin artmasiyla
daha da kotiilesebilir (Kayentao ve ark., 2024; Hancock ve ark.,
2020). Bu kapsamda, sitma Oliim oranimi azaltmak igin yeni
miidahalelerin  gelistirilmesi  ihtiyag ~ duyulmaktadir. Bu
baglamda, entegre bioinformatik yaklagimlar  alternatif
antimalaryal adaylarin tanimlanmasima ve mevcut tedavilerin
rasyonel bigimde yeniden konumlandirilmasina  katki
saglayabilir. Ayrica sitma kaynakli mortalitenin azaltilabilmesi
i¢in yenilik¢i miidahalelerin gelistirilmesi ihtiya¢ duyulmaktadir.

1.2. Sitma Parazit Tiirleri

Bilinen 120'den fazla Plasmodium tiuri vardir ancak

bunlardan yalnizca besi insanlarda sitmaya neden oldugu
bilinmektedir (Alghamdi ve ark., 2024). P. Falciparum, P. Vivax,
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Plasmodium  Knowlesi, Plasmodium Ovele, Plasmodium
Malariae olmak iizere bes tiir, hastalifa neden olmaktadir
(Daniyan ve ark., 2024) (Tablo 1). Bunlar arasinda en biiyiik
tehdidi yuksek mortaliteyle iliskili P. falciparum ve genis cografi
yayilim gosteren P. vivax olmak lzere ilk ikisi olusturmaktadir.

Tablo 1. Plasmodium tirleri ve klinik dzellikleri

Parazit Tlru Klinik Ozellikler/Bilgi
Plasmodium En siddetli sitma tiiriine neden olmaktadir ve komplikasyon
falciparum riski yuksektir.

Plasmodium vivax Daha hafif seyirlidir, relaps (niiks) egilimi vardir.
Endemik bdlgelerde sinirl yayilim gostermektedir ve
relaps yapabilir.

Plasmodium ovale

Plasmodium Kronik enfeksiyonlara yol agabilir, daha uzun inkiibasyon
malariae stiresi vardir.

Plasmodium Maymun kaynakli zoonotik enfeksiyon; Giineydogu
knowlesi Asya’da gorulir.

Sitma vakalarin ve oliimlerin ¢ogu P.falciparum'dan
kaynaklanmaktadir (Duffy ve ark., 2024). Bu tir, diinya ¢apinda
sitmaya bagli tiim oliimlerin %90'indan fazlasindan sorumludur
(Alghamdi ve ark., 2024) ve Afrika kitasinda en yaygin olan
parazit tiirtidiir. Bu parazit tedavi edilmediginde 24 saat icerisinde
agir hastaliga veya oliime ilerleyebilmektedir. P. falciparum, her
yil sitmadan kaynaklanan 600.000'den fazla 6lime neden
olmaktadir; bu Oliimlerin ¢ogu Afrika'daki c¢ocuklarda
gorulmektedir (Kayentao ve ark., 2024). Alternatif ila¢ gelistirme
caligmalari, bu tiirlin biyolojik 06zellikleri temel alinarak
stirdiirtilebilir oldugu diistiniilmektedir.

P. vivax, en genis cografi alana sahiptir (Duffy ve ark.,
2024). P. vivax genellikle komplikasyonsuz sitma ile
iliskilendirilse de, ciddi hastaliklara da yol acabilecegine dair
kanitlar mevcuttur (Alghamdi ve ark., 2024; Kotepui ve ark.,
2020). P. vivax, 2020 yilinda Afrika disindaki endemik
bolgelerdeki sitma vakalarinin %18-72'sini olugturmustur (WHO,
2023).
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Gilineydogu Asya'da sitmanin baslica nedeni olarak ifade
edilen ve primatlardan insanlara bulasan zoonotik bir parazit olan
P. knowlesi ise siddetli sitmaya neden olmaktadir (Alghamdi ve
ark., 2024; Naik, 2020). Ancak P. knowlesi'nin patobiyolojisinde
onemli bilgi bosluklar1 vardir (Daniyan ve ark., 2024). Entegre
biyoinformatik  calismalar  sayesinde = bu  bosluklarin
giderilebilecegi ongoriilmektedir.

Diger parazit tiirleri igerisinde yer alan P. malariae ve P.
ovale genellikle komplikasyonsuz sitmaya neden olmaktadir
(Alghamdi ve ark., 2024). Bunlarin ikisi ise tropik bdlgelerde
bulunmaktadir ve nadir olarak klinik sitmaya neden olmaktadir
(Duffy ve ark., 2024). P. ovale, 1922'de tanimlanan, yalnizca
insanlara  0zgili sitma parazitlerinin sonuncusu olarak
bilinmektedir (Snounou ve ark., 2024). P. ovale, P. vivax'a
oldukg¢a benzerdir ve bazen onunla karistirilir (Snounou ve ark.,
2024). P. ovale'nin epidemiyolojisi veya biyolojisi hakkinda ¢ok
az sey bilinmektedir, bu da onu tartismasiz olarak insanlarin
parazitlerinin en az arastirilmis olan1 yapmaktadir (Snounou ve
ark., 2024). P. malariae siklikla iyi huylu bir sitma paraziti olarak
rapor edilmektedir, ancak ilk maruziyetten uzun bir sure sonra
tekrarlayabilen kronik enfeksiyonlara neden olmaktadir (Oriero
ve ark., 2021).

Parazitlerin ¢esitli ilaglara karsi direng gelistirmeye
devam etme kapasitesi, yeni ilag hedeflerinin tanimlanmasini, ilag
direncinin belirleyicilerinin ve ilag duyarliligini degistirdikleri
mekanizmalarin ayrintili bir sekilde anlagilmasini ve parazitlerin
hiicre fizyolojisi hakkinda daha fazla bilgi sahip olmay1
gerektirmektedir (Martin, 2020).
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2. SITMA TEDAVISINDE KULLANILAN
ILACLAR

Sitma Onemli bir enfeksiyon hastaligidir ve uygun
miidahale i¢in hizl1 ve dogru bir teshis gereklidir (Loddo ve ark.,
2019). Hastalik erken tan1 ve uygun tedavi secenegi ile tedavi
edilebilir bir hastaliktir (Grignaffini ve ark., 2024). Hastalik
giiniimiizde hala gelismekte olan lilkelerde 6nemli halk saglig
sorunudur. Hastalifin tedavisine yonelik gelistirilmis ve
kullanilan antimalaryal ilaglar mevcuttur. Fakat bu ilaglara zaman
icerisinde direng olusmaktadir. Sitmada ilag direnci, Plasmodium
parazit suslarinin onerilen terapotik dozlarda, hatta daha yiiksek
konsantrasyonlarda uygulanan antimalaryal ajanlara maruz
kalmalarina ragmen yasamlarim1 siirdiirebilme ve c¢ogalma
kapasitesine sahip olmalar1 seklinde tanimlanmaktadir (Song ve
ark., 2024). Bu direng, siklikla kullanilan antimalaryal ilaglarin
yaygin ve yogun kullanim1 sonucunda gelismekte olup, hastaligin
agir seyreden formlarinda tedaviye kars1 direng ortaya ¢ikmasina
neden olmaktadir (Song ve ark., 2024). ilaglara zaman icerisinde
direng gelismesi kaginilmaz bir durum olarak goriilmektedir.

Bu baslik altinda “Malaria” ve “Plasmodium falciparum”
tedavisinde kullanilan ilaglar biyoinformatik ve kimyasal bilgi
veritabani olan DrugBank (https://go.drugbank.com/) araciligiyla
belirlenmistir. Bu veritaban1 500.000'den fazla ila¢ ve ilag
iirtiniinii aramaya imkan saglanmaktadir (Erisim Tarihi 12 Eyll
2025). Ayrica bu veritabaninda FDA (U.S. Food and Drug
Administration- Amerika Birlesik Devletleri Gida ve ilag Dairesi)
tarafindan onaylanmis, deneysel ilaglar ve klinikte kullanilan ilag
bilgileri de yer almaktadir. Halihazirda klinik uygulamada
kullanilan ilaglara iliskin ayrintili bilgilere DrugBank veritabani
araciligiyla erisilebilmektedir.

Sitma ile iligkili hastaliklarin belirlenmesi siireci belirli
adimlar izlenerek gerceklestirilmistir. Ilk asamada DrugBank
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veritabaninda “Malaria” anahtar kelimesi Kkullanilarak arama
yapilmig ve arama sonucunda anahtar kelime ile uyumlu 54
(https://go.drugbank.com/unearth/q?searcher=drugs&query=Mal
aria&button=) adet ila¢ ismi belirlenmistir. Bu ilaglar igerisinde
onaylanan (Approved), arastirma asamasindan (Investigational),
veteriner onayli (Vet approved), geri cekilen (Withdrawn) ve
deneysel (Experimental) olan ilaglar bulunmaktadir. Fakat bu
calismada belirlenen toplam 54 tane ilag igerisinden sadece
onaylanan ilag isimlerine yer verilmistir. Bu kapsamda DrugBank
veritabaninda gergeklestirilen arama sonucunda sitma tedavisi ile
iligkili olarak tanimlanan ilaglar Tablo 2’de sunulmustur (Erisim
Tarihi: 12 Eylul 2025). Tabloda belirlenen ilaglar, sitma
tedavisine yonelik alternatif farmasdtik ajanlarin
gelistirilmesinde yol gdsterici olarak kullanilabilir.

Tablo 2. DrugBank’ta “malaria” anahtar kelimesiyle iliskili onayh

ilaclar
ila¢ ismi Ila¢ ismi
1. Acetarsol (Asetarsol) 2. Hydralazine (Hidralazin)
3. Acetyl Sulfisoxazole (Asetil 4. Hydroxychloroquine
Sulfisoksazol) (Hidroksiklorokin)
5. Artemether (Artemether) 6. Lumefantrine (Lumefantrin)
7. Artemotil (Artemotil) 8. Lumefantrine Co-Artemether
(Lumefantrin Ko-Artemether)
9. Artenimol (Artenimol) 10. Mefloquine (Meflokin)
11. Artesunate (Artesunat) 12. Methylene Blue (Metilen Mavisi)
13. Azithromycin (Azitromisin) 14. Midazolam (Midazolam)
15. Chloroquine (Klorokin) 16. Primaquine (Primakin)
17. Ciprofloxacin (Siprofloksasin) 18. Proguanil (Proguanil)
19. Clindamycin (Klindamisin) 20. Pyrimethamine (Pirimetamin)
21. Clotrimazole (Klotrimazol) 22. Quinidine (Kinidin)
23. Dapsone (Dapson) 24. Quinine (Kinin)
25. Demeclocycline (Demeclosiklin) 26. Sulfadoxine (Sulfadoksin)

27. Diethyltoluamide (Dietiltoluamid)  28. Sulfametopyrazine
(Stlfametopirazin)

29. Doxycycline (Doksisiklin) 30. Sulfisoxazole (Sulfizoksazol)

31. Halofantrine (Halofantrin) 32. Tafenoquine (Tafenokin)

En agir klinik tabloya ve yiiksek ilag direncine sahip P.
falciparum tlriine 6zgi tedavi secenekleri ve kullanilan ilaglarin
belirlenmesinde benzer sekilde DrugBank veritabani taranmis ve
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“Plasmodium falciparum” anahtar kelimesi kullanilarak arama
yapilmigtir.  Arama sonucunda 26 adet iliskili olan ilag
(https://go.drugbank.com/unearth/q?  searcher=drugs&query=
Plasmodium+falciparum&button belirlenmistir. Bu  belirlen
ilaclar igerisinde yer alan onaylanmig ve aragtirma asamasinda
olan ilaglar Tablo 3’te sunulmustur (DrugBank — Erisim 12 Eyliil
2025).

Tablo 3. P. falciparum anahtar kelimesi i¢cin DrugBank
veritabaninda yer alan ilaclar

ila¢ ismi Ila¢ ismi

1. Acetyl sulfisoxazole (Asetil siilfizoksazol) 2. Mefloquine (Meflokin)

3. Artemether (Artemether) 4. Piperaquine (Piperakin)

5. Artemisinin (Artemisinin) 6. Primaquine (Primakin)

7. Artemisone (Artemizon) 8. Proguanil (Proguanil)

9. Artenimol (Artenimol) 10. Pyrimethamine
(Pirimetamin)

11. Atovaquone (Atovakuon) 12. Quercetin (Kuersetin)

13. Cipargamin (Sipargamin) 14. Quinine (Kinin)

15. Ganaplacide (Ganaplasid) 16. Sulfadoxine
(Stlfadoksin)

17. Halofantrine (Halofantrin) 18. Tafenoquine (Tafenokin)

19. Hydroxychloroguine (Hidroksiklorokin) 20. Temefos (Temefos)

21. Lumefantrine (Lumefantrin) 22. Voacamine (Voakamin)

23. Lumefantrine co-artemether (Lumefantrin ko-

artemeter)

2.1. Meflokin (Mefloquine) Ilacina Yonelik Bilgiler

Meflokin  (Mefloquine), sitma  tedavisinde ve
korunmasinda yaygin olarak kullanilan sentetik bir antimalaryal
ajandir.  DrugBank  veritabanindan  saglanan  bilgiler
dogrultusunda Meflokin, DrugBank Erisim Numarasi: DB00358
(https://go.drugbank.com/drugs/DB00358) dir. Mefloquine, P.
falciparum ve P. vivaxin neden oldugu sitmanin
profilaksi/profilaksi (hastaliktan koruma yontemi) ve tedavisinde
kullanilan bir antimalaryal ajandir (Drugbank, 2024). Ilac ilk
olarak 1963'ten 1976'ya kadar bir sitma ilac1 kesif programi
sirasinda Walter Reed Ordu Arastirma Enstitiisii (WRAIR)
tarafindan kesfedilmistir. 1989 yilinda FDA tarafindan
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onaylanmistir ve ilk olarak Hoffman Laroche tarafindan
pazarlanmigtir. Bu ilag, norotoksik etkilere iliskin endiseler
nedeniyle yaygin tartismalara konu olmustur; iirin bilgileri
potansiyel ciddi néropsikiyatrik etkiler konusunda uyarmaktadir.
[lacin kullanilan sinonim isimleri; Mefloquin, Mefloquina,
Méfloquine, Mefloquine, Mefloquinum’dir. Mefloquine, sitmay1
Onleyen ve tedavi eden, kanda sizontisit gorevi goren bir sitma
Onleyici ilagtir. Meflokinin etki mekanizmast tam olarak
anlagilamamistir. Biyoinformatik analizler, biyolojik sireclerin
ve molekiller etki mekanizmalarinin kapsamli  bigimde
aydmlatilmasina olanak saglayabilmektedir. Bazi ¢alismalar,
meflokinin o6zellikle P. falciparum'un 80S ribozomunu hedef
alarak protein sentezini inhibe ettigini ve miiteakip sizontisidal
etkilere neden oldugunu ileri stirmektedir. Meflokin,
gastrointestinal sistemden kolayca emilerek; gida, emilimi artirir
ve buna bagli olarak biyoyararlanimi %40 artirmaktadir.
Meflokin, karacigerde CYP3A4 enzimi tarafindan yogun bir
sekilde metabolize edilmektedir.

flag tasarimina yonelik yeni ila¢ aday1 molekiillerinin ve
yeni alternatiflerin belirlenmesinde RCSB PDB (Protein Data
Bank- Protein Veri Bankas1) (https://www.rcsb.org/) ve UniProt
(https://www.uniprot.org/)  veritabam1  kullanilarak  hedef
protein/ler belirlenmektedir. Hedef proteinlerin tanimlanmasi, bu
proteinlere iliskin yapisal bilgilerin elde edilmesi ve potansiyel
ilag molekiillerinin hedef proteinle olas1 baglanma bi¢imlerinin
ve etkilesimlerinin incelenmesi acisindan biiyilk 6nem
tasimaktadir. RCSB PDB (https://www.rcsb.org/) veritabani,
proteine ait yapisal bilgileri aragtirmacilara sunarak, ilaglarin
hedef proteine baglanma potansiyelini modellemeye imkan
tanimaktadir. Bu veritabaninda, deneysel olarak elde edilen
yapilar (Structures from the PDB), AlphaFold DB tarafindan
saglanan tahmini yapilar ve Hesaplanmis Yapi1 Modelleri
(Computed Structure Models, CSM) yer almaktadir. Bu yapilarin
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sayist, yeni yapilar tanimlandik¢a  diizenli  olarak
guncellenmektedir.  Ornegin  Aralik 2024 yilinda bu
veritabaninda, deneysel olarak 3 boyutlu (3B) yapilar1 belirlenmis
228,227 tane Yapr (228,227 Structures from the PDB) ve
AlphaFold DB ve ModelArchive'den Hesaplanmis Yapi
Modelleri (CSM) olarak 1,068,577 tane Computed Structure
Models (CSM)) bulunmaktadir (erisim tarihi: 07 Aralik 2024).
Gunumuzde ise bu veritabaninda, deneysel yontemlerle (g
boyutlu (3B) yapilar1 belirlenmis toplam 242.066 protein yapisi
(Structures from the PDB) ve ModelArchive kaynaklarindan elde
edilen 1.068.577 hesaplanmig yap1 modeli (Computed Structure
Models, CSM) bulunmaktadir (erisim tarihi: 12 Eylil 2025)
(Sekil 1).

RCSB PDB  Deposit » Search » Visualize » Analyze » Download ~ Leam » About v Careers COVID-18

-1 m Y =] B 242,066 (=) 1,068,577

Y =t e
[} r_/} (=22 Structures from the  — Computed Structure
YTEIN E: PDB archive Madels (C54)

PROTEIN DATA BANK

Sekil 1. PDB veritabaminda veri bilgileri (erisim tarihi: 12 Eylul
2025).

Bu c¢alismada RCSB PDB (https://www.rcsb.org/)
sayfasinda “Mefloquine” anahtar kelimesi ile arama yapilmis ve
sorgu ifadesi 24 adet molekiiler yap1 (This query matches 33
Structures) ile eslesmistir (erisim tarihi: 12 Eyliil 2025). Elde
edilen sonuclarda, kaynak organizmanin bilimsel ad1 ve deneysel
yontemi sirastyla “Homo Sapiens” ve “X-RAY DIFFRACTION”
secilerek 6zellestirilmistir ve 1 adet uyumlu yap1 (PDB Kimligi:
7SQM, https://www.rcsb.org/structure/7SQM) ile eslesmistir. Bu
yapi, s0z konusu ilaca yonelik alternatif molekiillerin
belirlenmesinde potansiyel bir hedef olarak degerlendirilebilir.
flgili protein yapisma ait bazi temel ozellikler Tablo 4’te
sunulmustur.
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Tablo 4. 7SQM proteine ait baz1 deneysel veriler (https://www.
rcsb.org/structure/7SQM)

Simiflandirma Aciklama

Siniflandirma/Classification Antiviral Protein

Organizma(lar)/Organism(s) Homo sapiens

Ifade Sistemi/Expression System Escherichia coli 'BL21-Gold(DE3)pLysS
AG

Mutasyon(lar)/Mutation(s) No

Y éntem/Method X-Ray Diffraction

Coziinirlik/Resolution 1.78 A

R-Degeri Serbest/R-Value Free 0.205

R-Degeri Calisma/R-Value Work 0.173

R-Degeri Gozlenen/R-Value 0.175

Observed

Bu protein yapisi, insan kokenli bir antiviral proteindir ve
E. coli hiicrelerinde retilerek X-1si1 kristalografisi ile 1.78 A
gibi yuksek c¢ozundrlikte c¢ozimlenmistir. Elde edilen R-
degerleri, yapmin dogru modellendigini gostermektedir.
Dolayisiyla, protein—ilag etkilesimleri veya biyoinformatik
analizler i¢in giivenilir bir yapisal model olarak kullanilabilir
oldugu diistiniilmektedir.

2.2. Artesunat (Artesunate) Ilacina Yonelik Bilgiler

Artesunat (Artesunate), Diinya Saglik Orgiitii tarafindan
Ozellikle P. falciparum kaynakli agir sitma vakalarinin
tedavisinde o6nerilen en 6nemli artemisinin tdrevi ilaclardan
biridir. DrugBank (https://go.drugbank.com/) veritabanindan
saglanan bilgiler dogrultusunda Artesunate, DrugBank Erigim
Numarast: DB00358 (https://go.drugbank.com/drugs/
DB09274)’dir. Artesunat, siddetli sitmanin baslangi¢ tedavisinde
Onerilen bir artemesinin turevidir. Artesunate siddetli sitmanin
baslangi¢ tedavisinde kullamlmaktadir. DSO, siddetli sitma igin
birinci basamak tedavi olarak artesunati Onermektedir.
Artesunate, artemisinin daha hidrofilik bir tirevine olan
ihtiyagtan gelistirilmistir.

Bu calisma kapsaminda RCSB PDB
(https://www.rcsb.org/) sayfasinda “Artesunate” anahtar kelimesi
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ile arama yapilmis ve sorgu ifadesi 20 yap1 (this query matches
20 Structures) ile eslesmistir (erisim tarihi: 12 Eylil 2025).
Sonrasinda arama kaynak organizmanin bilimsel ad1 ve deneysel
yontem olarak sirasiyla “Homo Sapiens” ve “X-RAY
DIFFRACTION?” segilerek ozellestirilerek filtreleme yapilmistir
ve sorgu ifadesi ile uyumlu {i¢ tane yap1 (PDB Kimlikleri; 3LMY
(https://www.rcsb.org/structure/3aLMY), 2A0U (https://www.
rcsh.org/structure/2A0U), 7SQM (https://www.rcsb.org/
structure/7SQM) ile eslesmistir. Bu yapilar, alternatif ilag
adaylarmin tasariminda hedef reseptorler olarak kullanilabilir.
S6z konusu proteinlerin yapisal oOzellikleri Tablo 5’te
Ozetlenmistir.

Tablo 5. 3LMY, 2A0U, 7SQM proteinlerine ait baz1 deneysel

veriler
PDB ID
Siiflandirma
LMY 2A0U 7SQM

. . ANTIVIRAL
Siniflandirma/Classification: HYDROLASE TRANSFERASE PROTEIN
Organizma(lar)/Organism(s):  Homo sapiens Homo sapiens Homo sapiens

Escherichia coli
ifade Sistemi/Expression S 'BL21-
System: No Escherichia coli Gold(DE3)pLysS
AG
Mutasyon(lar)/Mutation(s): No Yes No
Yontem/Method: XRAY XRAY XRAY
) DIFFRACTION  DIFFRACTION DIFFRACTION

Coziiniirlik/Resolution: 2.80 A 230A 1.78 A
lF:\’r-e[‘)e.egerl Serbest/R-Value 0.252 0.258 0.205
R-Degeri Calisma/R-Value
Work: 0.194 0.207 0.173
R-Degeri .Gozlenen/R—VaIue 0197 0213 0175
Observed:

Meflokin ve Artesunat ilacina yonelik Protein Kimligi
7SQM olan protein her iki ilag¢ icin benzer protein olarak
belirlenmistir. Yapilan c¢alismalar, artesunat-mefloquinin ¢oklu
ilaca direncli falciparum sitmasini tedavi etmede etkili oldugunu
gostermistir (Alghamdi ve ark., 2024).
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3. MALARIA VE PLASMODiIUM FALCIPARUM

ILE iLISKiLi BITKILER
Malaria, tropikal ve subtropikal bdlgelerde ylksek
morbidite ve mortaliteye neden olan en 6nemli enfeksiyon
hastaliklarindan biridir. Hastaligin en 6liimciil etkeni, insanlarda
siddetli klinik tablolarla seyreden P. falciparum tlridur.
Gilintimiizde ilag direncinin giderek artmasi, yeni ve etkili tedavi
seceneklerinin arastirilmasini zorunlu kilmaktadir. Bu baglamda,
geleneksel tipta uzun siiredir ¢esitli hastaliklarin = ve
rahatsizliklarin tedavisinden kullanilan bitkiler ve bunlardan elde
edilen biyolojik aktif bilesikler, antimalaryal ilag gelistirme
calismalarinda Onemli bir potansiyel sunmaktadir.  Bitki
metabolitleri sitma enfeksiyonlarinin ilerlemesini
engelleyebilmektedir. Yapilan c¢alismalarda birgok bitkinin

antimalaryal aktivitelerini gostermistir.

DLAD4U - Disease List Automatically Derived For You
(http://dlad4u.zhang-lab.org/index.php) kullanilarak bitkilerin
iligkili oldugu hastaliklar belirlemektedir. Bu veritabani ayni
zamanda kimyasallarin ve genlerinde hangi hastaliklar ile iliskili
oldugunu belirlemek i¢in de kullanilmaktadir. Bu c¢alisma
kapsaminda sorgu ifadesine bitkilerin bilimsel tiir isimleri
yazilmistir. DLADA4U, islevini yerine getirebilmek i¢in Ulusal
Biyoteknoloji Bilgi Merkezi'nin (NCBI) Pubmed verilerine
guvenmektedir (DLADA4U, 2024).

Bu calisma kapsaminda alanyazin taramasi sonucunda,
malaria (Abdillah ve ark., 2014; Habibi ve ark., 2022; Kadhila,
2019; NoA ve ark., 2020; Tepa ve ark., 2022) ile iliskili olan
bitkiler belirlenmistir. Ardindan, s6z konusu bitkilerle iliskili
hastaliklarin ~ belirlenmesi amaciyla DLAD4U veritabani
kullanilarak arama yapilmistir. Arama sonucunda “Malaria” ve
“Plasmodium Falciparum” ile iligkili olan bitkiler belirlenmistir
(Tablo 6).
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Tablo 6. DLADA4U ile “Malaria” ve “Malaria, Falciparum” ile

iliskisi ortak iliskili olan bitkiler

Familya Bilimsel Tur isimleri DLADA4U link
i i http://dlad4u.zhang-
Acanthaceae And rog raph IS panicu lata lab.org/outputs/taf43ebSove62h3nc1ba65p3d7/

(Ac1 Krali veya Kalmegh)

taf43eb50ve62h3nclbab5p3d7_index.html

Amaryllidaceae

Allium sativum L.
(Sarimsak)

http://dlad4u.zhang-
lab.org/outputs/ki9sutujgpn6suf14mgm3j02h3/
ki9sutujgpn6sufl4mgm3j02h3_index.html

Asteraceae

Acanthospermum hispidum

DC

http://dlad4u.zhang-
lab.org/outputs/Obngc80h7vucsn4jdsefsdv8ab/
0bngc80h7vucsndjdsefs4v8a6_index.html

Clusiaceae

Garcinia mangostana

http://dlad4u.zhang-
lab.org/outputs/jnf25pvfkpf5neos36fj15b1g2/j
nf25pvfkpf5neos36fj15b1g2_index.html

Combretaceae

Guiera senegalensis

http://dlad4u.zhang-
lab.org/outputs/01vmo5rolo09smmls4amabgah
4/01vmobrolo09smmlis4amabgah4_index.html

Combretaceae

Terminalia macroptera

http://dlad4u.zhang-
lab.org/outputs/103i2o0fgqtvvdkun9s78hbqg8t5/I
03i20fgqtvvdkun9s78hbg8t5_index.html

Fabaceae

Cassia siamea

http://dlad4u.zhang-
lab.org/outputs/67Ivco9gpmslre0j5uo8foslo5/6
7lvco9gpmslre0jSuo8foslo5_index.html

Lamiaceae

Ocimum basilicum

(feslegen)

http://dlad4u.zhang-
lab.org/outputs/gbffdabphsgfsqalgoefmfp111/
gbffdabphsgfsqalgoefmfp111_index.html

Lamiaceae

Ocimum canum

http://dlad4u.zhang-
lab.org/outputs/ul70ibcacaadt07bgb9m63n155
/ul70ibcacaadt07bgh9m63n155_index.html

Leguminosae

Tamarindus indica

http://dlad4u.zhang-
lab.org/outputs/i2sdcOcd3jklgkkcq43sq62e63/i
2sdc0cd3jklgkkcg43sq62e63_index.html

Menispermaceae

Tinospora crispa

http://dlad4u.zhang-
lab.org/outputs/mgr21g9162k3reumq;j2ii60920/
mgr21g9162k3reumq;j2ii60920_index.html

Myrtaceae

Psidium guajava

http://dlad4u.zhang-
lab.org/outputs/03mgm2qumer99mugee9o6qtf
h2/03mgm2qumer99mugee9o6qtfh2_index.ht
ml

Pittosporaceae

P. falciparum strain

http://dlad4u.zhang-
lab.org/outputs/sdmgs2méiljghrljicmc7p2kb6/s
dmas2méiljghrljicmc7p2kb6_index.html

Poaceae

Cymbopogon citratus

http://dlad4u.zhang-
lab.org/outputs/p6440eg0tqta052qI9r21000k6/
p6440eg0tqta052qI9r21000k6_index.html

Rubiaceae

Crossopteryx febrifuga

http://dlad4u.zhang-
lab.org/outputs/r3t8dbhjbele126puogk7a57c5/
r3t8dbhjbelel26puogk7a57c5_index.html

Rutaceae

Citrus sinensis (portakal)

http://dlad4u.zhang-
lab.org/outputs/phteluvoponrf4appgdocfo617/p
hteluvoponrf4appgdocfo617_index.html

Tablodaki bitkiler, biyoinformatik ve in silico yontemlerle
incelenerek hastaliklara yonelik bitki kaynakli yeni ilag

adaylarinin  kesfine katki

saglayabilir. Oncelikle bitkisel

bilesiklerin belirlenmesi ve kenetlenme analizi gibi yontemlerle
potansiyel etkilesimler degerlendirilebilir; dogal bilesiklerin
biyolojik ¢esitliligi ve yapisal 6zgiinliigli, yeni ilag gelistirme
calismalarinda 6nemli bir baslangi¢ noktast sunmaktadir.
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Saglk Bilisimi Degerlendirmeleri

Bitkiler, alkaloid, flavonoid, fenol, kinon, tanen ve
terpenoid gibi biyoaktif molekiiller igerir ve bu bilesikler ¢esitli
hastaliklarin tedavisinde kullanilmaktadir (Sheoran ve ark.,
2019). Bitkisel tedavilerin avantajlari; diisiik maliyet, yiiksek
etkinlik, iyi tolerans, az yan etki, hazir kullanilabilirlik ve ¢evre
dostu olmaktir (Atmakuri & Dathi, 2010). Bilimsel ve teknolojik
ilerlemeler, bitkisel kaynakli ila¢ tasarimini popiiler hale
getirmis; in silico yaklagimlar ise ilag gelistirme siireclerinde
basarisizlik oranlarini azaltmaktadir.”

Ozet olarak sitma, disi Anopheles sivrisinekleri tarafindan
insanlara bulastirilan Plasmodium parazitinden
kaynaklanmaktadir (Naik, 2020). Sitma, diinya ¢apinda
milyonlarca insan1 etkileyen ve sabit bir 6liim oranina sahip bir
hastaliktir (Grignaffini ve ark., 2024). Sitmanin erken teshisi ve
tanisi, hasta i¢in en iyi tedaviyi belirlemek ve sag kalma oranini
artirmak i¢in esastir (Grignaffini ve ark., 2024). Bu ¢alisma
kapsaminda, sitma hastalig1 ve hastalia neden olan parazitler
hakkinda kisa bilgiler sunulmustur. Sitma tedavisinde kullanilan
ve DrugBank veritabaninda kayitlh ilaglar arasinda FDA
tarafindan onaylanmig ajanlara 6zellikle deginilmis ve Meflokin
ile Artesunat hakkinda ozet bilgiler verilmistir. Ayrica,
hastaliklarin tedavisinde kullanilan bitkisel kaynakli ilaglar ele
alinmistir. DLADA4U araci kullanilarak “Malaria” ve “Malaria,
Falciparum” terimleri taranmis ve hastalik ile iligkili ortak baz1
bitkiler belirlenmistir. Belirlenen bu bitkiler, sitma hastaligina
yonelik yeni ilag veya as1 gelistirme calismalarinda potansiyel
kaynaklar olarak degerlendirilmektedir.
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