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PREFACE

Biological sciences aim at the study of life and living organisms, their
life cycles, adaptations, and the environment. Our aim in preparing this book
for publication is to bring together academic studies and findings in different
fields of science and to transfer the results obtained from these studies to the
world of science. Thus, it is aimed to contribute to the emergence of new
ideas by referring to future studies. It is thought that this book, which consists
of studies in interdisciplinary fields, will contribute to the development and
studies of students, academicians and researchers. each of which has been
contributed by highly qualified professionals in the respective fields of
research.

| am proud to present this book, which contains recently updated
information on various research areas and techniques in the biological
sciences, which will benefit many researchers from different life science
institutions around the world.l would like to thank with all my heart to all my
professors who contributed to this meticulously prepared book, and to the
valuable managers and employees of the ISPEC Publishing Agency family,
who gave the opportunity to convey these carefully prepared studies to the
readers.

With my regards
Dr. Cenk YUCEL
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INTRODUCTION
Insects are the most diverse creatures on earth, evolving in a variety of

forms. It took taxonomists almost 200 years to describe only 10% of the
species, and there are still many insect species waiting to be described. (Jalali
et al., 2015). Species identification is an essential part of recognizing and
describing biodiversity. With the growing interest in biodiversity in the fields
of ecology, evolutionary biology and agriculture, reliable identification of
species has become increasingly important. Traditionally, species
identification has been based on morphological diagnoses. However, the
number of taxonomists and other definition experts is gradually decreasing
(Page 2016). With the developments in DNA sequencing technologies in
recent years, it is possible to identify species accurately, quickly and easily.
DNA barcoding, known as the DNA-based taxonomy method, is now widely
used in the identification of species and the discovery of new species
(Hajibabaei et al. 2016).

DNA barcoding can be defined as a taxonomic method that enables
organisms to be identified using a short and standardized fragment of genomic
DNA. The resulting standard DNA sequence is called the DNA barcode. In
DNA barcoding technique, only the differences/similarities in the sequence of
one or more gene regions are based, not the genome of the species, in order to
reveal the unique nucleotide sequence of each species. The most commonly
used gene regions for DNA barcoding are nuclear DNA (ITS), chloroplast
DNA (rbcL, trnL-F, matK, psbA, trnH, psbK), and mitochondrial DNA
(COl). The COIl region, the standard DNA barcode region, is a mitochondrial
gene and is very effective for species identification. This region has good
discrimination power for most animal groups, so the COIl gene has been
identified by the International Barcode of Life Project team as the official
barcode marker for animals (Hebert et al. 2003). The COI gene region is also
widely used as an ideal species identification marker in entomology studies
(Yazgin & Giiz, 2018).

The first task of DNA barcoding is to associate the species names of
sequences. (Floyd et al. 2009). These sequences from "correctly” identified
individuals, summarized by external information and classical morphological
methods, are then included in the reference barcode library the Life Barcode
Data System (BOLD) (Ratnasingham and Hebert, 2007). Campaigns charged
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with the goal of populating BOLD have embraced different approaches: large-
scale regional inventories using freshly caught specimens (Janzen et al., 2009)
or barcode “blitzes” of national parks (Xhou et al, 2011) or museum
collections (BOLD, www.boldsystems.org).

Species diverge in ecology, morphology and behavior, as well as DNA
sequences. Therefore, at least in principle, it can be used to describe a
particular gene or gene part (fragment) in the same way that retail barcodes
uniquely describe each consumer product. In practice, we do not expect DNA
barcoding to work, so actual DNA sequences are subject to all the inherent
complexities of molecular evolution and can vary significantly in species
(Mallet and Willmott 2003). They are not systematically 'designated ' to
individual assets such as retail barcodes. However, if successful, DNA
barcoding, barcode by determining the sequence of the region, ultimately
avoiding the complexities native in the morphological description and
advocates the establishment of a viable system by encouraging the ability to
automate the entire life promises to defend identification of samples. (Tautz et
al. 2003, Blaxter 2004, Savolainen et al. 2005).

1.CHRYSOMELIDAE SPECIES WITH BARCODE STUDY

The order Coleoptera is the fourth most important insect order studied
after Diptera (4.652.548), Lepidoptera (2.001.858) and Hymenoptera
(1.677.466), with barcodes of 855,205 species among the insect orders. The
most studied family among Coleoptera is Chrysomelidae with 93,600
specimens.

Bruchus hamatus Miller, 1881 and Bruchus libanensis Zampetti 1993
species belonging to the subfamily Bruchinae; Chrysolina reitteri (Weise,
1884), Leptinotarsa decemlineata (Say, 1824) ve Gonioctena sp. (2 examples
from Antalya) species belonging to the subfamily Chrysomelinae;
Cryptocephalus duplicatus Suffrian, 1845 (2 examples from Konya,
Beysehir, 2 examples specified as Turkey), Cryptocephalus paphlagonius
(Sassi et Kismali, 2000), Cryptocephalus virens Suffrian, 1847 (2 examples
specified as Turkey), Cryptocephalus albzorensis (2 examples from Antalya,
1 example from Kahramanmaras), Cryptocephalus turcicus Suffrian, 1847 (1
example from Antalya), Cryptocephalus rugicollis Olivier, 1791 (2 examples
from Balikesir) species belonging to the subfamily Cryptocephalinae; Cassida


http://www.boldsystems.org/
https://www.gbif.org/species/8977462
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rubiginosa Miiller, O.F., 1776 (1 example from Antalya, 1 example from
Balikesir) species belonging to the subfamily Cassidinae; Clytra sp. (1
example from Usak), Clytra atraphaxidis Pallas, 1773 (1 example from
Kahramanmarag), Smaragdina limbata (Steven, 1806) (1 example from
Diyarbakir, 2 examples from Antalya, 1 example from Marmara),
Labidostomis sp. (2 examples from Ankara, 2 examples from Antalya and 2
examples from Diyarbakir), Tituboea macropus (llliger, 1800) species
belonging to the subfamily Clytrinae; Nymphius sp. (2 examples from
Antalya and 2 examples from Diyarbakir) ve Exosoma sp. (4 examples from
Mugla) species belonging to the subfamily Galerucinae; Chaetocnema
concinna (Marsham, 1802) (1 example from Bartin), Chaetocnema coyei
(Allard, 1863) (2 examples from Kayseri), Chaetocnema arenacea (Allard,
1860) (2 examples from Kayseri), Chaetocnema tibialis (llliger, 1807) (2
examples from Kayseri, 1 example from Zonguldak, 1 example from Bartin
and 1 example from Ankara), Psylliodes sp., Phyllotreta atra (Fabricius,
1775) 2 examples from Zonguldak and 2 examples from Bartin’dan),
Phyllotreta astrachanica Lopatin, 1977 (1 example from Zonguldak),
Phyllotreta corrugata Reiche, 1858 (1 example from Sanliurfa), Phyllotreta
cruciferae (Goeze, 1777) (4 examples from Kayseri and 3 examples from
Ankara), Phyllotreta diademata Foudras, 1860 (1 example from Bartin),
Phyllotreta erysimi erysimi Weise, 1900 (1 example from Ankara),
Phyllotreta nemorum (Linnaeus, 1758) (1 example from Bartin and 1
example from Zonguldak), Phyllotreta nigripes (Fabricius, 1775) (6 examples
from Ankara and 3 examples from Kayseri), Phyllotreta pallidipennis Reitter,
1891 (1 example from Kayseri), Phyllotreta procera (Redtenbacher, 1849) (3
examples from Kayseri), Phyllotreta striolata (llliger, 1803) (2 examples
from Zonguldak), Phyllotreta undulata Kutschera, 1860 (1 example from
Bartin), Phyllotreta variipennis (Boieldieu, 1859) (1 example from Bartin and
1 example from Zonguldak) species belonging to the subfamily Alticinae
Barcodes of a total of 83 samples belonging to 7 subfamilies from our country
were entered into the system (BOLD, www.boldsystems.org). Species were
collected from Ankara, Antalya, Balikesir, Bartin, Diyarbakir,
Kahramanmaras, Kayseri, Kahramanmaras, Konya, Mugla, Sanliurfa, Usak
and Zonguldak provinces. In terms of such studies, there are quite large gaps
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in our country. Studies in this direction are very important and necessary for
our country.
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INTRODUCTION

In recent years, research and development studies of biomaterials in
many different structures, from macrostructures to micro and nano levels,
have led to the expansion of the field of nanotechnology in order to prolong
human life and improve the quality of life. Nanotechnology is frequently
encountered as an important area of innovative, scientific, and economic
growth, with sustainable bio-based products being obtained from recyclable
and biodegradable sources with commercial viability and environmental
acceptability. The use of nanotechnology in the health and pharmaceutical
industries has had a significant impact on the development of new systems
and technologies that can interact with the body at the cellular level. To take
advantage of the physical, chemical, and biological features of materials at the
nanometric scale (1-100 nm), new nanotherapeutic systems have been created
(Gopi et al., 2020; Shi et al., 2016).

Nanomaterials are receiving serious attention in various researches due
to their size and unique properties because nanomaterials show classical
mechanical properties rather than quantum mechanics. Nanomaterials are
used in many biotechnological applications, including magnetic separation of
biomolecules, bio labeling with fluorescent quantum dots, gene delivery, drug
encapsulation, targeted and controlled drug delivery systems, bioimaging with
the help of nanoparticles (Majeed et al., 2019). Nanomaterials are structures
smaller than 1 micrometer created using nanoparticles. Nanoparticles (NPs),
with at least one size less than 1 micrometer and potentially as small as atomic
and molecular length scales (about 0.2 nm), their surfaces can operate as
transporters for liquid droplets or gases, and they can be amorphous or
crystalline. Nanoparticles can be classified according to their morphology,
dimensionality, composition, uniformity, and agglomeration, as shown in
Figure 1 (Buzea et al., 2007).
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2) Morphology
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Figure 1. Nanoparticle Classification (Buzea et al., 2007).

Nanomaterials are synthesized by breaking down various materials into
nanoparticles by the top-down method or by combining particles at the
molecular or atomic level, with various methods using the bottom-up method
(Baig et al., 2021). Nanomaterials can be produced from many different
materials, especially organic or inorganic materials, polymers, and hybrid

materials.
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Microorganism infections and antibiotic resistance threaten human
health and health economies all over the world. This situation leads
researchers to explore alternative antimicrobial agents. Recently,
bacteriophage therapy, peptide antibiotics, medicinal honey application, plant
extracts, essential oils, and antimicrobial metals as well as developing
nanoparticle-based materials are promising for alternative antimicrobial
therapy applications (Edwards-Jones, 2013).

Nanomaterials can kill microorganisms by a variety of mechanisms,
including direct cell wall or membrane destruction, the formation of reactive
oxygen species (ROS), and adhering to intracellular components, and also
acting as nanocarriers for treatment compounds. With their unique
physicochemical properties, nanomaterials can interact with bacteria using
Van der Waals forces, receptor-ligand interactions, hydrophobic interactions,
and electrostatic attraction (Makabenta et al., 2021).

There are many different types of nanomaterials used in antimicrobial
research, examples of which are carbon-based nanomaterials, metal-based
nanoparticles, nanocomposites, nanoemulsions, polymers, liposomes, and
smart nanomaterials. Metal-based nanoparticles are composed of metals of
their purest form (aluminum, copper, titanium, gold, silver, zinc, etc.) or their
compounds (oxides). The most commonly studied nanomaterials with good
antimicrobial properties are nanomaterials containing silver and its oxides.
Carbon-based nanomaterials include carbon quantum dots, nanotubes, and
graphene-based two-dimensional materials. It has been determined that
natural or synthetic polymers have antimicrobial properties in the polymer
group, which includes polymeric micelles, dendrimers, glycopeptide
dendrimers (Makabenta et al., 2021). It has been reported that nanocomposites
obtained by hybridizing inorganic and organic nanoparticles have
antimicrobial properties (Mei et al., 2014). Nanoemulsions are emulsions
consisting of hydrophobic and aqueous layers to increase solubility and
stability by encapsulating bioactive compounds such as plant extracts,
essential oils, which are determined to have antimicrobial properties and
antibiotics (Jaiswal et al., 2015). Liposomes are vesicles composed of an
aqueous inner core and one or more layers of phospholipids, and are materials
that are capable of entrapping hydrophilic and hydrophobic antimicrobial
substances with good biocompatibility (Hsin-I Chang and Ming-Kung Yeh,
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2012). Smart nanomaterials respond to endogenous stimuli such as pH and
bacterial toxins to release their antimicrobial components into the
environment, as well as external stimuli such as light, temperature and
ultrasound (Chen et al., 2019).

The aim of this book chapter is to outline all existing antimicrobial
testing methodologies for synthesized nanoparticles and to provide a vision
for future researchers in this subject.

1. ANTIMICROBIAL ACTIVITY DETERMINATION

METHODS

There are many methods in the literature using solid and liquid media
or spectrophotometric measurements to evaluate the antimicrobial activities of
the obtained nanoparticles. It is aimed to obtain the most accurate result by
choosing the method or methods to be used depending on the microorganism
feature. Parameters such as the zone of inhibition (ZOl), colony count, optical
densities of the microorganism culture, minimum inhibitory concentration
(MIC) are examined in the methods used in the literature to determine
antimicrobial activity (Kumar et al., 2017).

1.1. Disk-Diffusion Method

In this method; microorganisms from fresh cultures whose
concentrations are adjusted to the 0.5 MacFarland turbidity standard are used.
Mueller Hinton Agar is used for bacteria, and Mueller Hinton Agar with
0.5pg/mL methylene blue and 2% glucose added for yeasts. The prepared
inoculum is inoculated on Mueller Hinton Agar with a swab and placed on the
agar surface of the nanoparticles of the desired concentration, which are
adsorbed on empty discs and left for incubation. Zone diameters formed after
incubation are measured and recorded (Image 1) (Balouiri, Sadiki, and
Ibnsouda 2016). In a study, the researchers carried out the antimicrobial
activity studies of the synthesized TiO, nanoparticles by disc diffusion
method; It was evaluated against bacterial and fungal pathogens; Escherichia
coli (E. coli) (MTCC-1677), Bacillus subtilis (B. subtilis) (ATCC 6051),
Pseudomonas aeruginosa (P. aeruginosa) (MTCC-4030), Enterococcus
faecalis (E. faecalis) (ATCC 2912), Staphylococcus aureus (S. aureus)
(MTCC-3160), Klebsiella pneumonia (K. pneumonia) (NCTC 9633),
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Aspergillus niger (A. niger) (ATCC 1015), Aspergillus flavus (A. flavus)
(ATCC 10124), Sclerotium rolfsii (S. rolfsii) (ATCC 62666) and Rhizopus
oryzae (R. oryzae) (ATCC 24563). Researchers have carried out microdilution
method studies based on the high zone diameters obtained by the disc
diffusion method. However, they determined that the concentration of
40pg/ml, where they had a high zone diameter on the bacteria they carried
out, had an effect in the range of 41-59% in their MIC studies (Anbumani et
al., 2022). The disk diffusion test is particularly applicable to antibacterial
coatings and films, as such materials have been reported to show poor
efficacy in the MIC test (Cioffi & Rai, 2012).

1.2. Well Diffusion Method

This method is in principle the same as the disk diffusion method.
Unlike the disc diffusion method, the desired concentrations of nanoparticles
are placed in wells drilled on agar instead of being absorbed into blank paper
discs (Image 1) (Balouiri et al., 2016; Deepakumari et al., 2022; Goyal et al.,
2022). In a study in which Zirconium phosphate nanoparticles were
synthesized by solution combustion method, researchers used the well
diffusion method to analyze the antimicrobial activities of nanoparticles
against S. aureus, B. subtilis, P. aeruginosa, K. pneumoniae. As a result of the
research, they found that various concentrations of ZrP,O; nanoparticles
showed moderate to good inhibitory effect against all strains tested. In
general, the effectiveness of inhibition of bacterial growth primarily depends
on particle size, morphology, and surface area. They reported that electrostatic
interactions had a significant effect on inhibitory activity (Deepakumari et al.,
2022).
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Image 1. Disk Diffusion and Well Diffusion Methods Demonstration of a Chitosan-
TPP Nanoparticle Synthesized by N. Aytuna CERCI. a) Nanoparticle Impregnated on
Empty Disk , b) Nanoparticle Placed in the Well.

1.3. Microdilution Method

In antimicrobial activity experiments with the microdilution method;
Concentrations of fresh 24-hour cultures of microorganisms are adjusted
according to the 0.5 MacFarland turbidity standard and dilutions are made to a
final concentration of 10° cfu/ml. The inoculum obtained is added to all the
wells and sowing is performed at the desired concentration. The nanoparticles
dissolved with the appropriate solvent are applied to the wells at desired
concentrations. Only wells with the medium are reserved for sterility control
and only wells with inoculum for bacterial growth assessment. After all,
applications are done, the prepared microplates are placed in a locked bag and
left for incubation in a humid environment. Visual evaluation is made to
determine the minimum inhibition concentration (MIC), minimum
bactericidal concentration (MBC), and minimum fungal concentration (MFC)
values, and the MIC value is determined according to the turbidity in the
wells. After visual evaluation, MBC and MFC are determined by taking 10 ul
from each well of the microplates and inoculating them on tryptic soy agar for
bacteria and sabouraud dextrose agar for yeast (Image 2) (Balouiri et al. 2016;
Zhang et al. 2020).
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Image 2. MIC Determination of a Synthesized Nanoparticle Demonstrated by M.
Burcu KULAHCI

1.4. Optical Density Measurement in Liquid Broth Medium

This method works with the same principle as the microdilution
method. It can be performed on a micro or macro scale. The turbidity created
by the microorganisms in the medium during the incubation period is essential
in this method. The reduction rates of microorganisms are determined by
comparing the optical densities of the media where nanoparticles and
microorganisms are together and only microorganisms are present, at certain
intervals during the 24-hour incubation period or at 600 nm in the
spectrophotometer as a result of the 24-hour incubation period (Baldelli et al.
2022; Kumar et al. 2017). A group of researchers, encapsulating
tetraaminocyclotriphosphazene derivatives into chitosan nanoparticles,
studied their antimicrobial activity with disc diffusion and minimum
inhibition concentration methods; Streptococcus mutans ATCC 25175,
methicillin-resistant ~ Staphylococcus aureus (MRSA) ATCC 43300,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
Bacillus cereus microorganisms. They determined that the compounds they
synthesized affect microorganisms by the disk diffusion method, but they
could not get results from the disk diffusion method in their work with
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encapsulated compounds. On the other hand, in optical density studies, they
reported that encapsulated compounds showed antimicrobial activity in the
range of 39-81% against microorganisms (Bozkurt et al., 2021).

1.5. Colony-Forming Units Measurement

The technique is used to count the number of viable bacterial cells. 10
microorganisms are inoculated on Plate Count Agar medium with a drigalski
stick or microorganisms are added during the preparation of the agar.
Similarly, while preparing agar, nanoparticles are added to the medium at the
desired concentration. In another form of application, nanoparticles and
microorganisms are interacted at desired times and then spread on the
medium. Whichever of these treatments is chosen, colonies formed on the
agar after incubation are counted. For bacterial strains incubated in the
presence and absence of nanoparticles, the comparison is made by counting
the CFUs. (Zhang et al., 2020).

Image 3. Demonstration of Colony Forming Units Measurement Method by N.
Aytuna CERCI and M. Burcu KULAHCI on Plate Count Agar with Escherichia coli
(Left) and Staphylococcus aureus (Right).

In addition to all these known methods, there are various standard
methods offered by authorities such as ASTM, ISO, EUCAST, and CLSI. By
modifying these standards, it is possible to determine the antimicrobial
activities of nanoparticles or nanomaterials. The ASTM 2149 standard was
published to predict the antimicrobial activity of antimicrobially treated
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materials under dynamic interaction conditions. It is based on Cfu, but the
effectiveness of a customized non-leaching antimicrobial agent depends on
ensuring direct contact of microorganisms with the active ingredient. This test
allows the antimicrobial activity of the sample to be determined by agitating
samples of surface bound materials in a suspension of bacteria for one hour or
modified longer contact times. The suspension is serially diluted and cultured
before and after contact. The number of organisms recovered from the
suspension is determined and the percentage reduction is calculated by
comparing the numbers of living organisms from the controls (ASTM
International, 2020). Another ASTM standard, E2315 is based on the
principle of measuring the changes in aerobic microorganism density of
antimicrobial materials over a period of time. It offers several options for the
selection of microorganisms to be studied, incubation time and temperature,
sampling times, and conditions. Therefore, it provides a wide range of studies
in the antimicrobial activity evaluation studies of nanoparticles or
nanomaterials. The methods to be followed in the evaluation may vary
depending on the areas in which the nanoparticles will be used for
antimicrobial activity evaluation or the way of use. In the evaluation of a
nanoparticle to be applied in the medical sector, antimicrobial activity can be
evaluated by modifying the 1SO 23650:2021, 1SO 11930:2019, ASTM E2149,
or E2315, CLSI, and EUCAST standards based on the final product (CLSI,
2022; EUCAST, 2022)

CONCLUSION

Nanoparticles have exclusive physical and chemical properties due to
their shape, size, large surface area, optical properties, and reactivity. Thanks
to these features, they can be diversified, as well as medical applications of
nanoparticles; They are suitable candidates for a variety of commercial and
individual applications, including the materials and manufacturing industry,
electronics and computer technologies, the medical and healthcare industry,
aerospace research, the defense industry, biotechnology, agriculture and food,
imaging and environmental applications.

As a result, nanoparticles with versatile morphologies can be efficiently
used as antibacterial agents against various types of microorganisms through
chemical and physical interactions. The morphological features of
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nanoparticles, their surface areas, their concentrations, the microorganism
species for which antimicrobial activity is tested, the selected method, and cell
properties are the main factors affecting biocidal and fungicidal activities. In
addition to chemical interactions such as the antimicrobial action mechanism
of the tested nanoparticle, the physical interactions in the experimental
environment should also be taken into account in the method to be
determined.
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INTRODUCTION

Kingdom Animalia

Phylum Arthropoda

Class Insecta

Order Lepidoptera

Family Seiidae

Subfamily Sesiinae

Species Bembecia scopigera (Scopoli, 1763)
Synonym(Kogak and Kemal, 2018) Bembecia communis Le Cerf, 1920

Figure. 1. A. Female, B. Male, C. Larvae, D. Egg of Bembecia scopigera (Scopoli,
1763)

Sainfoin (Onobrychis spp.) (Fabales: Fabaceae) is a forage plant that
lives for many years, especially grown in arid areas. It is the most cultivated
fodder locust in Turkey, after alfalfa and vetch, with a production of
1.546,641 tons in an area of 1,814,737 decares (Tuik, 2021). The nutritional
value of sainfoin is high and its feed is rich in nitrogen-free essential
substances, crude oil and crude protein. It can be grown in arid, weak,
gravelly, calcareous soils where alfalfa cannot grow, and its resistance to salt
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is high (Elgi, 2005). In addition, due to the tannin substance in their tissues,
the ability to swell the animals seen in alfalfa is not seen in the sainfoin
(Ac1kgdz2001).

There are several factors affecting the production of sainfoin. Diseases
and pests that are among these factors dec yield losses in sainfoin. The most
important pest affecting the yield of sainfoin is Bembecia scopigera (Scopoli,
1763). As a result of feeding on the root of this harmful sainfoin, it protects it
from year to year due to damage to the roots. In the studies conducted, 3.
Starting from the year, the sainfoin fields begin to dry completely. The plant
costs caused by early dismantling with the decrease in yield observed in
sainfoin cause economic losses. In addition, due to wounds and openings
formed by larvae in the roots, a number of fungal pathogens can cause
damage by entering the roots (Tamer and Ozer, 1990, Baris and Yiicel, 2021).

1.Definition, Biology and Forms of Damage

When the studies related to Bembecia scopigera were examined, it was
seen that there was very limited data. The first detection of the pest in Turkey
was determined by Ozer and Duran (1968) in 1958 in the sainga fields of
Eskisehir province. B. scopigera reported that scopigera causes damage by
feeding in the root of a pest in areas grown in Central Anatolia without
irrigation, begins to cause significant damage to two-year-old plants, the larva
that has passed into its mature period weaves a cocoon in the gallery that it
opens in the root throat and passes into the pupal period. The pest is a pest of
economic importance in the areas of Sainfoin then after determining that, high
against the pests and Caliskaner (1970) reviewed by drug trials between the
years 1964-1970. However, as a result of the studies conducted, it has been
reported that the drugs tested against the pest are not effective. They reported
that the biology of Bemcecia scopigera was not fully known in the absence of
effective drugs tested, and that such trials should be conducted after the
biology of the pest was first revealed. Those who were Born later, et al.
(1981) conducted a study on the Lepidoptera fauna in the Eastern Anatolia
Region by Erzurum province reported that the pest caused damage by opening
galleries in the root throat and roots of the sainfara, gave one generation per
year, and the damage increased for some years.
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Figure. 2. Root damage by Bembecia scopigera (Scopoli, 1763)

Later, he conducted studies to determine the hymenoptera parasites
detected by Doganlar (1982) from some Lepidoptera species in Eastern
Anatolia. With this study, Chelonella nitens (Rhd.) was identified as the
natural enemy of Bembecia scopigera. October July (Hymenoptera:
Braconidae), this species exits the pupae of the pest from July to October,
parasitization is less than 5%.

Ozbek (1989) gave information about the short biology of the pest and
reported that it caused significant damage to sainfoin areas from time to time.
Detailed studies on the biology and control of the pest in Turkey were carried
out by Tamer (1990) in the sainfoin areas of Ankara province. He reported
that in the years 1984-1987, the adult flights in the sainfoin areas started in
July, continued until mid-October, and the adult flight duration varied
between 6-13 weeks. It has been determined that the adults emerging from the
pupa can mate and lay eggs, and the adult lifespan varies between 1-5 days in
females and 1-4 days in males. He states that adults live for a very short time,
they do not need nutrition, but their egg laying capacity varies between 219
and 730 (Figure 1). He stated that he lays his eggs on the undersides of leaves,
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on flowers, and on cut sainfoin plants, singly or in groups. He states that later,
the eggs are opened within 9-17 days, the larva that comes out by piercing the
egg shell moves from the plant surface to the root collar, and enters the root
through slits and cracks. He reported that the first larvae began to appear from
the middle of July, and as the weather cooled, the larvae spent the winter in
different larval stages by knitting cocoon as of the end of November and
December. Later, the larva, which has completed its development, leaves the
place where it feeds, opens a gallery in the plant root or in the soil, and goes
into the pupa stage by knitting a cocoon. The pupal period varied between 9
and 14 days (Figure 3), and he stated that it gives one generation per year, and
the damage rate can reach up to 100%. Brocan crocatus Schmiedeknecht,
1897; Chelonella nitens (Rhd.), depending on the Braconidae family as its
natural enemy, stated that bacillus and some fungal agents were detected as
disease agents. It has been determined that the parasitization rate can be as
high as 41.37%, although it changes from year to year. He also stated that
some plant protection products were tried to be used in the control of the pest,
but the drugs did not show sufficient effect.

Giiltekin and Giiglii (1997) conducted studies on the bioecology of the
pest in Erzurum province. It was studied between 1994-1996 in order to
determine the biology of the pest, its natural enemies and the rate of
contamination. According to this, he stated that he spent the winter on the
roots of the host plant in all larval stages, except the first period, the first
pupae were seen in mid-June, the first adults were seen from the end of June,
and the adult flight period ranged from 6 to 9 weeks. He reported that the first
eggs were seen with the month of July, passed through the slits and cracks in
the roots of the plants, fed here, and started wintering from the end of
September. Bracon (=Lucohracon) grandiceps Thomson (Braconinae) of the
family Braconidae as the natural enemy of B.scopigera; He stated that they
detected Ascogaste rgonocephala Wesmeal (Cheloninae) and that the
parasitism ranged between 6.09 and 7.0. In addition, some of the larvae (2-
3%) showing signs of the disease Beauveria sp. and Fusarium sp. found that
fungi were isolated. In all tested varieties, it was determined that between
65% and 90% of the pests were harmful, and that sainfoin varieties and lines
were later determined against the pest in question, Ciftci et al. (2016) studied
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the morphology of the egg of B. scopigera. He also stated that Onobrychis
atropatana is a new host plant for B. scopigera.

Figure. 3. Pupa of Bembecia scopigera (Scopoli, 1763)

Later, Baris and Yiicel (2021) stated that the pest lays eggs on the parts
of B. scopigera close to the root and root collar, and the hatched larva feeds
inside the root. He states that the plants dry out as a result of feding (Figure
2). They stated that in some lines and varieties tried as an alternative to the
control of the sainfoin rootworm, the pest caused 65-90% damage, and there
was no difference between the varieties. In addition to the damage caused by
the pest on the root, it has been reported that fungal agents (Fusarium
oxysporium, Fusarium solani) infect the root part and cause indirect damage
as a result of the damage to the roots.

RESULTS

Studies on B.scopigera in Turkey started in the 1950s and have
survived to the present day. It has been observed that there is limited data on
both the biology and control of the pest. When the data obtained are
evaluated, it is seen that the sainfoin spends the winter in the larval stage on
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the roots, then it turns into a pupa by knitting a cocoon, the emerging adults
live between 1-5 days, the adults lay their eggs on the plant after mating, the
hatched larva moves into the root, burrowing in the root and harmful.
specified. It has been stated that as a result of feeding in the root, the yield of
the sainfoins began to dry over time, and the yield decreased, as well as the
damage caused by direct feeding on the root, as well as indirectly damaging
the root as a result of infecting the root with some fungal factors. It has been
predicted that the damage to the plant can be up to 100%. As a result of the
studies, it was determined that parzatiot, bacillus and fungal pathogens were
found as natural enemies. In addition, chemical control studies have been
carried out against the pest, but an adequate effect has not been achieved. It is
thought that especially the adults of the pest live for a very short time, laying a
high number of eggs in this period, making it difficult for the adults to get to
the root. It is thought that feeding the pest at the root is effective in the
inability to obtain resistant varieties, especially in breeding studies.

B. scopigera has been detected in Spain, most of southwestern and
central Europe, the Balkans, Greece, Russia, Ukraine and in a wide
geographical area, including Turkey (Spatenka et al. 1999). It has been
observed that the studies carried out abroad are generally studies on the
detection and morphology of the pest (Jin et al. 2008). Among the studies, it
was seen that detailed data on the biology of the pest were given by Bournier
and Khial (1968). Accordingly, they reported that the pest began to appear
from June to July, the adult flight period lasted for about two months, the
adults mate as soon as they emerge, and a female lays up to 500 eggs on the
leaves, branches and buds of the plant. He stated that the larvae that hatched
from the egg caused damage by entering the roots through the root collar, they
started wintering as of October, the larvae formed a pupa by knitting a cocoon
from the end of March, and the adults reappeared. He stated that there is no
obligatory wintering of the pest, which gives only one offspring per year. It
was evaluated that the findings of Bournier and Khial (1968) coincided with
the findings obtained from the studies conducted in Turkey. However, it has
been evaluated that some factors such as climatic conditions, host and regions
may have an effect for the pest to enter diapause.

Sainfoin is one of the most important forage plants. It is especially
important in terms of evaluating areas with arid or low rainfall. In addition, it
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is important in other useful groups such as pollinators, parasiotes, predators,
especially honey bees, because it blooms constantly, especially in arid or low
rainfall areas. In studies conducted in Turkey and abroad, it has been observed
that one of the most important pests of sainfoin is Bembecia scopigera. The
potential for harm can be up to 100%. Feeding the pest at the root, the
inability of its natural enemies to suppress more or less the pest, the decrease
in the effectiveness of drugs due to the fact that the pest is fed inside the root
complicates the struggle. Sainfoin is an important forage plant both for animal
nutrition and for the evaluation of arid areas. For this reason, research is
needed on both the biology and the struggle of Bembecia scopigera, which
limits sainfoin cultivation.
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INTRODUCTION

Life on Earth has been existing as cells for about 4 billion years.
Biodiversity encountered today have emerged from two different types of
cells, prokaryotic and eukaryotic, which had in turn been derived from LUCA,
the last universal common ancestor. Although not cellular, viruses are a
crucial part of life in general terms. The trees of life always excluded viruses.
It appears that while bacteria have evolved to become more complicated,
viruses have become simpler. They have achieved this by propagating only
the “essential” genes.

The fiercest evolutionary battles take place in nature between invading
entities and their hosts at molecular level. A substantial number of these wars
happens between bacteria and bacteriophages. Bacteriophages are viruses that
infect bacteria. Both sides in these wars have developed unique attack and
defence systems. Likewise, Archaea are also attacked by archaeal viruses, and
they have also developed specific barriers against their viral invaders. The
most abundant creatures on earth are Bacteria and Archaea. Viruses
(bacteriophages or phages) of these two domains pose a constant menace to
prokaryotic life (Hille and Charpentier, 2016).

CRISPR/Cas (clustered regularly interspaced short palindromic repeats/
CRISPR-associated proteins), a kind of adaptive immune system, exists
against phages and mobile genetic elements (MGEs) in prokaryotes.
Ironically, the invaders are the ones who establish the essential components of
this nucleic acid-based adaptive immune systems (Gok and Tunali, 2016).
CRISPRs are the repeating elements in the CRISPR/Cas locus and are made
up of conserved short sequences, separated by relatively varying spacer DNA.
MGEs are the source of these unique nucleotide sequences. Examples of
MGEs are plasmids, phages, and transposons. (Hille and Charpentier, 2016).
Small guide RNAs (crRNAS) play a key role in the CRISPR/Cas system. This
role is at the interference process, that will be described later in detail.

An adenine-thymine-rich leader sequence precedes CRISPR. Cas genes
flank CRISPRs and encode Cas proteins (Hille and Charpentier, 2016). Cas
protein family encompasses polynucleotide binding proteins, helicases,
nucleases, and polymerases. CRISPR/Cas systems are thus formed by
CRISPR and Cas proteins (Horvath and Barrangou, 2010). Initially, a two-
step classification approach had been adopted by the research team,
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identifying every cas genes in all of the CRISPR/Cas loci. Then, distinctive
gene architectures and signature genes were determined. Thus, the loci had
been divided into types and subtypes. A recent classification has been
expanded to include 2 classes, 5 types and 16 subtypes, while retaining the
general structure of the previous one (Makarova et al., 2015) (Fig. 1).
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Figure 1. Cas Proteins’ Functional Classification. (For detailed information, see
Makarova et al., 2015 review)

This adaptive immune system in prokaryotes has become adaptable to
all cells through genetic engineering. Many studies have indicated that the
CRISPR/Cas system can be used in the future as an alternative to the existing
methods in the fields such as agriculture, food, and medicine.

1. CRISPR/CAS HISTORY

The CRISPR/Cas system has been first identified in Escherichia coli
where it has been shown that a 32 bp spacer sequence is inserted in the 29 bp
sequence of CRISPR loci. However, the meaning of these findings has not
been fully appreciated at the time (Ishino et al., 1987; Ishino et al., 2018;
Javed et al., 2018). Following discoveries have been made on Haloferax
mediterranei, a halophilic Archaea species. In this organism, it has been
determined that CRISPR loci was formed by the repetition of a nearly perfect,
roughly palindromic 30bp sequence, separated by roughly 36 bp spacers
(Mojica et al., 1993). These structures that were primarily called SRSRs (short
regularly spaced repeats), later were renamed as CRISPR (Jansen et al.,
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2002). CRISPR elements have then been identified in many archaea and
bacteria (Makarova et al., 2002). Finally, thanks to comparative genomic
analysis studies, it has been comprehended that CRISPR and Cas proteins
must work together as an adaptive immune system in prokaryotic cells against
invading viruses and parasites and that this system has similarities with the
RNA; (RNA interference) phenomenon in eukaryotes (Makarova et al., 2006;
Ishino et al., 2018).

Studies on the adaptive immune system has changed their direction
when the eminence of CRISPR/Cas systems has been envisaged in the
evolution of prokaryotik genome. Nowadays hundreds of studies have been
focusing on the genome regulation role of CRISPR/Cas and on the devising of
this entity in the diverse areas of research while keeping in mind its immense
industrial implications (Figs. 2 and 3).

CRISPR-Cas Scicence names CRISPR
Discovery of Adaptive Inmune System Breakthrough of the Year
CRISPRS in Makarova et. al.

H. mediterranei
Mojica et. al.

01

1987

Fist discovery of
CRISPRs in E.coli
Ishino et. al.

CRISPR-Cas for
epigenome editing

CRISPR-Cas9
hijacked as genome
editing tool

Discovery of
Cas genes
Makarova et. al.

Figure 2. CRISPR/Cas Timeline
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Figure 3. CRISPR/Cas History With Studies In Twelve Cities Of Nine Countries
(Lander, 2016)

2. EDITING OF GENOMES

Since the emergence of genome editing technology in the 1990s,
several methods have been developed for targeted gene editing. Three of these
systems frequently used are TALENs, ZNFs and CRISPRs. Each of these
systems has its own advantages and disadvantages. TALENs and ZFNs are
essentially nucleases. The former comprises transcription activator-like
effector nucleases and the latter embraces zinc finger nucleases. CRISPR
approach expectedly involves Cas nucleases (Tavakoli et al., 2021).

Zinc-finger nucleases have been used to generate site-specific
modifications in a number of model organisms. They are also used for various
therapeutic purposes (Javed et al., 2018). Although applications of ZFNs have
not been frequently encountered (Urnov et al., 2010), site-specific genome
modifications have been achieved so far by TALENs in plants,
Caenorhabditis elegans, Saccharomyces cerevisiae, D. melanogaster,
Xenopus embryos, zebrafish, mice, humans, and somatic and pluripotent cells
(Chen and Gao, 2013). Yet, due to the difficulties in the cloning and
engineering of zinc finger nucleases, the use of TALENs have been
significantly hindered. In this respect, CRISPR has revolutionized the
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efficiency of genome editing studies as it is relatively more stable, and its use
is much simpler and more flexible (Adli, 2018) (Tables 1 and 2).

Table 1: Fundamental Comparison Of Three Genome Editing Techniques (Tavakoli
vd., 2021)

Feature CRISPR-Cas TALEN ZFN
Cost Low High Low
Ease of Design Simple A little complex Moderate
Specificity High Intermediate Low
Pros Modifiles multiple sites Highly effe_c?;ive and Highly cff;ctive and
in tandem specific specific
Cons PAI:?) Efg:tr:e?;i;i:em Time consuming Time consuming
Multig:;i(ifgencme High-yield multiplexing Few models Few models

Table 2: Comparison of Genome Regulation Tools (Kozovska vd., 2021)

Features ZNFs TALENs CRISPRs
DNA-binding moiety Protein Protein RNA
Nuclease Fokl Fokl Cas
Target recognition size 18-36 nt 30-40 nt 22 nt
Toxicity Variable to high Low Low
Ease of targeting Low Low High

multiple targets

Complexity of design Very complex Complex Simple

Off-target effects Moderate Low Variable
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3. CLASSIFICATION OF CRISPR/CAS SYSTEMS

The CRISPR/Cas system is essentially a complex entity. Many criteria
have been employed in its classification, including Cas operons’ organization,
conserved Cas proteins’ phylogenesis, and signature cas genes (Koonin ve
Makarova, 2019). Phylogenetic studies have defined different versions of the
CRISPR systems. Basically, two classes of CRISPR/Cas systems have been
identified. Multi-subunit crRNA effector complexes are appeared in class 1
systems. In class 2 systems, a single protein such as Cas9 is responsible for all
functions (Makarova et al., 2015). Class 1’s subtypes are I, III and IV and
class 2’s subtypes are II, V and IV (Fig. 4 and 5). Effector modules’
architectures are used to characterize for each type. (Koonin and Makarova,
2019). Both type IV in class 1 and class Il are putatively named.

cas8 or
cas3 | caslo, casll cas7 cas5 cas6 casl cas2 cas4 sBacers
ctass | DT ) BT T IOl
" large small S

subunit  subunit CRISPRs

spacers
cas9 or casl2 or casl3 casl cas2 cas4

sy — )T WP

single effector protein
CRISPRs

Figure 4. Class 1 And Class 2 Systems’ General Architectures (Koonin and
Makarova, 2019)
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Figure 5. CRISPR/Cas Systems’ Modular Organization (Koonin and Makarova,
2019)
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Class 1 type I systems are divided into seven subtypes in total. Six of
these subtypes are named from I-A to I-F, and another one called I-U (Fig.
6a). In systems from type I-C to type I-F, there is a single operon that encodes
proteins from Casl to Cas3. This operon also contains genes containing
subunits of the Cascade complex—CRISPR-associated complex for antiviral
defence. In contrast, a different organization appears in many of the type I-A
and type I-B loci. Here Cas proteins are encoded in two or more operons.
Differences are also seen in type I-E and type I-F systems. For instance, these
systems do not have Cas4. Cas 3 is also fused with Cas2 in the type I-F
system.

In Class 1-type Il systems, four subtypes are defined from type Il1-A to
type I11-D. (Fig. 6b). The marker gene cas10 is present in all type 111 systems.
A multi-domain protein that also contains a PALM domain is encoded by this
gene. This is a variant of the RNA recognition motif (RRM), homologous to
the nuclear domain of multiple nucleic acid polymerases and cyclases
(Makarova et al., 2015). Casl10 is the largest subunit of crRNA-effector
complexes in type 111 systems. There are other proteins encoded by all type 111
loci, such as the Cas7 protein, the Cas5 protein, and a small subunit protein.
Most subtype 111-B loci lack casl, cas2, and cas6 genes, but these genes are
present in Il1-A loci. Subtypes IlI-A and I1I-B have been shown to be
involved in co-transcriptionally targeting DNA and RNA.

Casl and Cas?2 are absent in the class 1 type IV system. Csf1, the large
subunit, can operate as a marker gene in this system. A minimal multi-subunit
crRNA-effector complex is encoded by type IV system. This complex
comprises of Csfl, Cas5 and Cas 7 (Fig. 6¢). Two different variants have been
identified in type IV systems. One of them contains DinG family helicase
when other one does not. The one that lacks DinG contains a gene that
encodes a small a-helix protein with a small subunit.
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Figure 6. Type-I, Type-111 And Type-IV (Putative) Systems (Makarova et al., 2015)

The class 2 type Il system, which differs significantly from the type |
and type Il systems, is quite simpler. Its marker gene is cas9. Cas9 is a
protein that combines the functions of the crRNA-effector complex with
target DNA cleavage and also contributes to adaptation. casl and cas2 are
located at all type Il CRISPR/Cas loci. In type Il systems, 3 subtypes are
identified as type II-A, 11-B and I1-C. An additional gene, csn2, is considered
as a marker gene in subtype II-A systems. Subtype 11-B, instead, contains
cas4. The genes encoding the Casl, Cas2 and Cas9 proteins are present in
subtype 11-C loci. This subtype is the commonest system in bacteria (Fig. 7a).
Cpfl, casl, cas2, and cas4 are located in type V systems (Fig. 7b).



49 |DEPTHS OF SCIENCE

Legionella pneumophila str. Paris

d B |pp0160-pp0163
casl cas?  cas4

Streptococcus thermophilus

II-A CNRZ1066

str0657-str0660

Class 2

casl cas?  csn?

I-c Neisseria lactamica 020-06
NLA_17660-NLA_17680

casl  cas?

b) | V (putative)

v Francisella cf. novicida Fx1
FNFX1_1431-FNFX1_1428

cas4 casi cas?

Figure 7. Type-11 And Type-V (Putative) Systems (Makarova et al., 2015)

4. THE MECHANISM OF CRISPR/CAS SYSTEM

Adaptive immunity in prokaryotes progresses through three distinct
stages: (1) foreign DNA acquisition (adaptation), (2) biogenesis of crRNA,
and (3) interference of the target (Wilkinson and Wiedenheft, 2014).

4.1. Adaptation

Adaptation is the step in which spacer segments from external nucleic
acids are inserted into the CRISPR region. In this step, the selection of
protospacers takes place. The nucleotide sequence found in the phage or
plasmid was first identified as a protospacer, flanked by a system-specific,
highly conserved CRISPR motif. It was later renamed as PAM (protospacer
adjacent motif) (Barrangou and Marraffini, 2014). PAMS are consisted of 2-5
nucleotides. Their sequence motifs were highly conserved (Gok and Tunals,
2016; Barrangou and Marraffini, 2014). In adaptation, these PAMSs are
specifically recognized. The invasive DNA spacer segment is inserted into the
CRISPR region along with the repetitive genes. This segment consists of the
PAM sequence. Recognition of the protospacer adjacent motif by Cas9
nuclease is thought to destabilize the adjacent sequence, resulting in RNA-
DNA coupling. Protospacer adjacent motifs have been associated with both
immunization (sampling of invader DNA for spacer recruitment) and
targeting (Barrangou and Marraffini, 2014) (Fig. 8).

The proteins involved in nearly all CRISPR/Cas systems are Casl and
Cas2. These proteins are metal-dependent endonucleases and are involved in
the process of acquiring spacers in adaptation. Cas2’s catalytically active site
is indispensable for the spacer acquisition (Barrangou and Marraffini, 2014;
Hile and Carpentier, 2016). Types I, Il and V also require Cas4.
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4.2. The Biogenesis of crRNA

In CRISPR RNA biogenesis, pre-crRNAs are created first. In other
words, the region in the invasive DNA is transcribed into pre-crRNAs. This
region of invasive DNA is the target sequence inserted into the CRISPR
locus. The resulting pre-crRNA transcripts are cleaved into small crRNAS.
They base pair with invasive DNA sequences. This process is carried out by
Cas endoribonucleases (Gok and Tunali, 2016). Members of the Cas6 family
in types | and 11l of CRISPR/Cas systems perform the processing step. After
this step, intermediate crRNA species are produced. A short 5’ tag surrounds
these intermediate crRNA types. In type I-C systems an exception exists. In
these systems, Cas6 proteins are not encoded. Instead, the Cas5d protein is
involved. This protein processes pre-crRNA, resulting in 11 bp 5'-tags
intermediate crRNAs. (Hile and Carpentier, 2016).

There are significant differences in the stage of maturation of crRNA in
class 2 systems. Trans-activating crRNA (tracrRNA) is an imperative in type
Il systems for the processing of pro-crRNA. In this system, tracrRNA and
preRNA form an RNA duplex. This RNA duplex is recognized by the host
RNase Il1. After the processing, the intermediate crRNA is formed. Finally,



51 |DEPTHS OF SCIENCE

mature small guide RNA is obtained. Early crRNAs are processed by cpfl in
the type V-A system.

4.3. Target Interference

In the final stage, the target of crRNA is the invasive nucleic acid. Cas
nucleases, for example Cas9, cut homologous sequences, preventing
replication of viruses and plasmids (Shabbir et al., 2019). Class 1 systems
contain Cascade-like complexes. These complexes perform the target
interference. A single effector protein is sufficient for target interference in
class 2 systems. In type | systems, the task of Cas3 nuclease is to create a
nick. This nick is created on the invading DNA, initiating its fragmentation.
The Cas9 effector protein has been directed by tracrRNA/crRNA duplex in
type 11 systems. The result is a double-stranded cleavage in the target DNA.
Types I11-A and I11-D contain the Cas10-Csm complex. In addition to this, the
Cas10-Cmr complex is found in 111-B and I11-C systems. DNA and RNA are
both can be targeted by these complexes. In Type V-A and V-B systems,
crRNA is used for target localization and interference, and tracrRNA/crRNA
duplex for target interference, respectively (Hile and Carpentier, 2016).

To sum up, the evolutionary immune response in bacteria against
exogenous nucleic acids follows the stages of adaptation, crRNA
biosynthesis, and interference (Fig. 9 and 10).
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5. ANTI-CRISPR MECHANISMS

Archaea and bacteria develop adaptive immunity to viruses, while
viruses develop counter-strategies. The most important of these strategies is
random mutations. These mutations occur either in the PAM sequence or in
the protospacer. In recent years, another strategy has been noticed when
Pseudomonas aeruginosa has been infected by Mu-like phages. These phages
are able to inhibit the CRISPR/Cas system. Various proteins encoded by Mu-
like phages adversely affect the activity of Type I-E and I-F systems (Rath et
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al., 2015) and these are called anti-CRISPR proteins. Three types of anti-
CRISPR proteins have been identified: AcrF1, AcrF2, and AcrF3. AcrF1 and
AcrF2 interact with type I-F interference components, preventing binding to
target DNA. AcrF3 binds Cas3 nuclease, thus preventing target interference
ICP1 phages, infecting Vibrio cholerae. These phages have developed a
different strategy to evade the bacterial immune system (Seed et al., 2013).

6. CRISPR/CAS DELIVERY TECHNIQUES

An important step in the gene editing stages in various applications is
the delivery of the system to the target cell. Viral and non-viral tools have
been exploited in this procedure (Karimian et al., 2019). Viral delivery
includes the transmission of lentiviruses, herpes viruses, retroviruses,
adenoviruses, and AAVs—adeno-associated viruses. Bacteriophages are also
employed recently (Fage et al., 2020) (Table 3 and 4). Non-viral delivery
include electroporation, hydrodynamic transfer, and conjugative delivery as
well as the use of nanoparticles (Yeh et al., 2022).
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Table 3: Delivery Strategies For CRISPR/Cas9 System (Karimian et al., 2019)

Strategies Delivery Systems | Advantages Disadvantages
Plasmid-based = Electroporation = Simple = Difficulty in
CRISPRCas9 transferring the
system = Hydrodynamic = Easy plasmid to the

injection nucleus

= More stable than

= Lipid sgRNA and Cas9 = Slow effect on

nanoparticles mRNA gene editing

= AAV (Adeno- = Avoiding = Undesired

associated viruses) | multiple random

o transfections integration in the

= Lentivirus host genome
Cas9 mRNA = Electroporation = Low cytotoxicity | = Multiple
and sgRNA transfection

= Lipid = Temporary

nanoparticles expression = High

= Fast effect

degradability of
mRNA

Cas9 protemn and
sgRINA

= Electroporation
= Lipid
nanoparticles

= Gold
nanoparticles

= The fastest effect
= High efficiency

= Avoiding
undesirable
integration

= Low antigenicity
= Avoiding

multiple
transfections

Table 4. Delivery Of CRISPR/Cas Systems To Bacteria With Phages (Yehetal.,

2022)

Phage vector

Pathogen

Phagemid

Staphviococcus aureus

Escherichia coli

In vivo

In vivo (Galleria

mellonella larvae)

Phage genome

S. aureus

E. coli

Clostridium difficile

In vivo (rat)

In vitro

In vitro and vivo (mice)
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7. APPLICATIONS OF CRISPR/CAS

The CRISPR/Cas system is applied in many fields, for example, disease
diagnosis and drug discovery (Zhan et al., 2021). CRISPR/Cas systems with
RNA-targeted nuclease activity are type | and type I1l. These systems operate
with a multimeric crRNA-Cas ribonucleoprotein complex. Therefore, the use
of these systems as a molecular tool in gene editing becomes troublesome
(Gok and Tunali, 2016). Type II systems are more applicable because the
cleavage of target DNA entails only one nuclease (Sapranauskas et al., 2011).
The CRISPR/Cas type Il system of Streptococcus pyogenes has been adapted
in genome regulation (Jinek et al., 2012).

CRISPR/Cas9 system could be adaptable to single gene repair: For
example, cftr gene has been targeted and repaired in the cells cultured from
cystic fibrosis patients (Schwank et al., 2013); the dominant cataract disorder
was ameliorated by crygc gene repair in mouse germ cells (Wu et al., 2013);
patients with Duchenne muscular dystrophy were cured (Long et al., 2013);
and some progress has been made on treatment of hereditary tyrosinemia in
adult mice (Yin et al., 2014). A more detailed picture of the gene therapy will
be provided later on.

7.1. Applications in Agriculture and Food Industry

Agricultural and food products are exposed to various stresses and
attacks during their production, storage, and even marketing. Scientific
research is aimed at increasing the productivity of agricultural products as
well as preventing these stresses and attacks. CRISPR/Cas9, a recent breeding
technique, has the possibility for rapidly and accurately improving many
features in crops, such as aspects of abiotic stress tolerance, nutritional value,
disease resistance, quality, and yield (Wan et al., 2021). It is applied in the
production of new germplasm sources, as it readily enables scientists to
introduce gene-directed mutations.

Application of the CRISPR/Cas system in plant gene engineering has
started in 2013. First, argonaute 7 was knocked out using CRISPR/Cas9 to
generate coniferous mutants (Brooks et al., 2014). Later on, studies have been
carried out on the protection of plants against various stress conditions, on the
improvement of plant architecture, fruit-vegetable quality, and increasing
shelf life (Kulus, 2018). Agrobacterium-mediated transformation is applied in
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these studies. Because of its high economic value, tomato has been chosen as
a model crop to test the efficiency CRISPR/Cas9 methodology (Wan et al.,
2021). The first sugarcane varieties, Cana Flex | and Cana Flex I, edited by
using CRISPR have been developed in Brazil. It has been reported that the
respective distinctive features of these varieties were easy cell wall
digestibility and high sucrose concentration.

Many microorganisms cause various diseases in plants. Among them
are bacteria. CRISPR/Cas gene editing has been applied against such bacterial
plant pathogens. Xanthomonas is a bacterial genus that causes Citrus canker
disease in grapefruit cultivars. CRISPR/Cas9 has been applied to treat this
disease. PthA4 is a dominant pathogenicity gene located in X. citri. In this
study, the pthA4 gene has been successfully targeted with the CRISPR/Cas9
system (Jia et al., 2015).

7.2. Applications in Microorganisms

CRISPR/Cas systems have had many applications in archaea and
bacteria. For this purpose, DNA technologies based on CRISPR/Cas have
been developed and diversified. Among them are genome-wide screening and
silencing of key genes in archaeal and bacterial genomes (Ishino et al., 2018).
A CRISPR/Cas-mediated genome editing technique have been developed and
successfully applied in E coli. In this technique, CRISPR/Cas was combined
with heterologous recombination using single-stranded (single-stranded DNA
recombination [SSDR]) or double-stranded (double-stranded DNA
recombination [DSDR]) template DNAs (Mougiakos et al., 2016). Gene
silencing has thus been successfully performed in a number of archaeal
species, including Haloferax volcanii, Sulfolobus solfataricus, and S.
islandicus (Ishino et al., 2018).

Researchers combined several technologies with the CRISPR system to
improve the performance of pathogen detection methods. An example of these
technologies is nucleic acid amplification (Tian et al., 2022). There are still
many hurdles and limitations in applications of detection of pathogens’
nucleic acids. However, there are also promising developments. For example,
there have been significant advances in the production of CRISPR/Cas-based
biosensors in detecting pathogens.
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Bacterial infections with multiple drug resistance (MDR) pose a global
threat in human health. One of the promising approaches to combat MDR
bacteria appears to be phage therapy. A CRISPR/Cas system has been applied
to develop antimicrobials by effectively delivering them to target bacteria
with phage-based vectors and in vivo bactericidal effects of these
antimicrobials have been determined (Yeh et al., 2022).

The CRISPR/Cas has been used to identify pathogenic microorganisms,
drug resistance, virulence, and knock out specific virulence genes, and to Kill
pathogenic bacteria (Bikard et al., 2014). Antibiotic resistance is a serious
worldwide problem, and resistance genes play an important role in the
pathogenicity of bacteria. By targeting antibiotic resistance genes with
CRISPR/Cas system, the killing of pathogenic bacteria has been indirectly
achieved (Jothi et al., 2021).

Pathogenic microorganisms do not exist alone in the host and
antimicrobials agents can also be detrimental to benign, cohabiting
microorganisms. The CRISPR/Cas system can be targeted more specifically
to pathogens. Staphylococcus aureus is a kanamycin-resistant pathogen. In
this bacterium, the aph-3 gene provides resistance to kanamycin. By applying
a plasmid-based CRISPR/Cas, this gene has been targeted, and thus only the
bacteria sensitized to kanamycin were killed (Bikard et al., 2014). Similar
studies have been performed on S. aureus, targeting both sec and mecA genes.
The sec gene encodes the superantigen enterotoxin, an important virulence
factor. The mecA gene provides resistance to penicillin derivatives. By
applying phagemid-based CRISPR/Cas, the pathogen was killed by the
elimination of these virulence factors of the bacteria (Jothi et al., 2021). Many
researchers around the world have used CRISPR gene editing to eradicate
ESBL (extended spectrum beta-lactamase) Escherichia coli. In parallel, they
developed a CRISPR system in E. coli, suitable for generating double-strand
breaks (DSB). In this study, B-lactamase encoding genes, blaypm-1 and blaspy-
18 Were targeted (Citorik et al., 2014).

There are also CRISPR/Cas applications on fungi. For instance,
CRISPR/Cas13a has been applied on Aspergillus fumigatus, the causative
agent of aspergillosis infection, to develop a reliable and rapid diagnostic tool
(Li et al., 2021). Many studies have also been conducted on industrially
important fungus, Saccharomyces cerevisiae and heat stress resistant S.
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cerevisiae mutants have been generated (Satish et al.,, 2020). The
CRISPR/Cas9 system has also been applied on a lactic acid-producing
industrial strain of S. cerevisiae, in which a DNA knock-in and gene-cleavage
system was successfully established (Stovicek et al., 2015). These latter two
examples may suffice to exemplify the effective engineering of diverse
industrial strains by the CRISPR system. Furthermore, and a multiple gene
targeting study have achieved high-efficiency lipid synthesis in Yarrowia
lipolytica (Friedlander et al., 2016).

CRISPR/Cas9 also has the potential to be used in the treatment of viral
infections. It has been reported that HIV infection was significantly reduced in
all founder strains produced after CRISPR TatDE transfection or lentivirus
treatments (Herskovitz et al., 2021). Cas13a encoded with messenger RNA
(mRNA) has been used to reduce influenza virus A and SARS-CoV-2—
severe acute respiratory syndrome coronavirus 2. When given to mice upon
post-infection, Casl3a effectively damaged influenza RNA in lung tissue,
while reducing replication of SARS-CoV-2 and disease symptoms in hamsters
(Blanchard et al., 2021). Today, with specific Cas9-based methods, HIV-1
DNA can be destroyed with high efficiency and its reinfections can be
prevented (Hu et al., 2014). Guide RNAs could be designed to target Cas9 to
specific viral genes (Mandal et al., 2014). Induced pluripotent stem cells
(iPSCs) could be produced by using TALENs or a combination of
CRISPR/Cas9 (Ye et al., 2014).

The infectious disease COVID-19, caused by SARS-CoV-2 has posed a
persistent global threat. Because the spreading of SARS-CoV-2 is rapid, it has
been necessary to accurately detect the agent in order to reduce its infection
speed worldwide. To this end, two technologies are widely used: mMNGS—
clinical metagenomic next-generation sequencing and RT-qPCR—
quantitative reverse transcription polymerase chain reaction (Wu et al., 2020).
MNGS technology has advantages as well as disadvantages. Its advantages are
unlimited usability of the culture, extensive analysis and high efficiency. The
disadvantages primarily lie in the complexity of the process, long-term
detection, and excessive cost. The latter technique, RT-gPCR, is rather
sophisticated but it shortens the time of diagnosis. The third approach,
CRISPR, has seemed to offer better means of manipulation. Diagnostic
process can be speeded up by CRISPR/Cas with its ease of operation and at
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relatively low cost. CRISPR/Cas9, Casl2a/b, and Casl3a-based diagnostic
tools have now been made available for CoViD-19, with up to 100%
sensitivity and specificity (Zhan et al., 2021) (Table 5). Beside these
advantages the only problem with this approach remains to be the requirement
of substantial amounts of target RNA. The false-positive rate becomes another
concern.

Table 5: CRISPR/Cas Methods Used In The Diagnosis Of CoVid-19 (Zhan et al.,
2021)

Plattorm Name Cas protein_Time Sensitivity Specificity  Visualization Target genes
contamination-free visual detection Casl12a 40 min 100% | Lateral flow ORFlab, N, E
SENA Casl2a N/A 99% 99% Fluorescence ORFlab, N
opvCRISPR Casl2a 45 min N/A Naked eye S
iISCAN Casl2a 40 min 86% Fluorescence/lateral flow N, E
ITP-CRISFR Casl12a 30-40 min 93.8% Fluorescence N,E
CRISPR-FDS Cas12a 15 min Fluorescence ORFlab
CRISPR/ Cas12a-NER Cas12a 45 min N/A Fluorescence E
STOPCovid.vl Cas12b 50 min N/A Lateral flow N
STOPCovid.v2 Cas12b 15-45 min 93.1% Fluorescence/lateral flow N
DETECTR Casl2a 45 min 95% Lateral flow E N
MeCasl2a Casl2a 45 min Naked eye E
ENHANCE Casl2a 40-60 min N/A Fluorescence/lateral flow N
ATOD-CRISFR Cas12a 20 min N/A Naked eye N
COVID-19 CRISPR-FDS Casl2a 50 min Fluorescence ORFlab, N
CRISPR-ABC Cas12a 30-40 min 91.2% Fluorescence ORFlab
OR-DETECTR Casl2a 50 mdin N/A Fluorescence RdRp, N
CASdetec Cas12b 60 min N/A Naked eye RdRp
SHERLOCK Casl3a 40 min Fluorescence ORFlab, N, S
SHINE Casl3a 50 min 90% Smartphone/lateral flow ORFlab
DISCoVER Casl13a 30 min N/A Fluorescence N
CARMEN Casl3a N/A N/A N/A Fluorescence N/A
Ultralocalized Casl3a assay Casl3a N/A single- single- Fluorescence ORFla, N
molecule  nucleotide

TL-LFA Cas9 <1h 100% 97.1% Fluorescence ORFlab, E

CRISPR/Cas13 is a system guided and targeted by RNA. It can be used
to inhibit the replication capacity of RNA viruses and to destroy viral RNA.
SARS-CoV-2 is a single-stranded RNA virus. The CRISPR/Casl13d system
has been used to damage this RNA (Nguyen et al., 2020). In another study,
the most likely sites for targeting viral RNA has been identified by using
bioinformatics analyses (Abbott et al., 2020). As a result, 6 crRNAs were
found that can target approximately 91% of SARS-CoV-2 genomes. In
addition, 22 crRNAs have been developed and reported to cover all sequences
of coronaviruses. Finally, it has been shown that the CRISPR/Casl3a can
alleviate Covid-19 infection in laboratory animals (Blanchard et al., 2021).
These findings suggest that viruses causing respiratory tract infections can be
targeted with Cas13a, and their severity could be reduced. These studies show
that CRISPR/Cas-based therapeutic agents offer an important option in the
treatment of Covid-19.
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Members of the phylum Apicomplexa are single-celled parasitic
organisms. Parasites naturally need a host to live in. CRISPR/Cas applications
are also involved in the treatment and diagnosis of these diseases.
CRISPR/Cas9 was first studied in protists of the phylum Apicomplexa, such
as shown that Plasmodium spp., Cryptosporidium spp. and Toxoplasma
gondii (Di Cristina and Carruthers, 2018). Expression vectors harbouring
donor DNA, sgRNA and cas9, have been constructed and adapted to P.
falciparum (Ghorbal et al., 2014). They have been used to disrupt the
chromosome of P. falciparum. With the ensuing studies it has been
demonstrated that CRISPR/Cas9 could be successfully used in many other
parasites, including Toxoplasma gondii (Shen et al., 2014) Cryptosporidium
parvum (Vinayak et al., 2015), Strongyloides stercoralis (Gang et al., 2017),
and Trichomonas vaginalis (Janssen et al., 2018) (Table 6). Another study has
used CRISPR/Cas9 as a genetic tool in Entamoeba histolytica (Kangussu-
Marcolino et al., 2020). And Cas9 has been stably expressed in Trypanosoma
brucei, Leishmania major, and L mexicana (Beneke et al., 2017).

Table 6: CRISPR/Cas9 Applications In Protozoa (optimized from Grzybek et al.,
2021).

Organism Purpose Strategy Repair References
(Vectors) mechanism
Plasmodium Gene Ghorbal et
Jalciparum knockout 2 HDR al., 2014
Toxoplasma Gene NII Shen et al.,
gondii knockout/in 1 EJ, HDR 2014
Cryptosporidium | Gene 1 DR Vinayak et
parvum knockout/in al., 2015
Trichomonas Gene 1-2 NHET. HDR. Jannsen et
vaginalis knockout/in - : al., 2018
Strongyloides Gene Gang et. al.,
stercoralis knockout 2 HDR 2017
Tryvpanosoma Gene MME
brucei knockin 1 u
Leishmania Gene 1 MMET Bencke ot
mexicana knockin al. 2017
Leishmania Replacement -
major of a gene 2 HDR
tandem

Entamoeba Kangus_su—
histolyt Marcolino et.

stoyica al.. 2020




DEPTHS OF SCIENCE |62

7.3. Applications in Cancer Diagnosis and Treatment

Cancer is a global, high-mortality disease, involving various genetic
and epigenetic changes within and on the chromatin (Sung et al., 2021). The
CRISPR/Cas9 has been the most suitable system in cancer studies. It appeared
to have a great potential in the interference of gene expression, altering
oncogenes’ activity, and in introducing deletions (Zhang et al., 2021).
Knockdown of CD133 with CRISPR/Cas9 has been reported to significantly
reduce cell proliferation and colony formation in colon cancer cells. In
addition, significant inhibitory effects were observed on cell invasion and
migration (Li et al., 2019). In a study with pancreatic cancer cells,
CRISPR/Cas9 has inactivated microRNA 3064 (miR-3064), and thus reduced
the rate of invasion and proliferation (Yan et al., 2019). It has also been
applied experimentally in the treatment of TNBC—triple-negative breast
cancers. The E3 ubiquitin ligase UBR5 was deleted in these experiments, and
in this way it has been shown that in vivo metastasis and tumour growth could
be inhibited in mice (Liao et al., 2017). Another important feature in the
initiation and progression of cancer is the inactivation of tumour suppressor
genes. In one study, these genes (p53, nfl, pten and ptchl) have been deleted
by CRISPR/Cas9 (Zuckermann et al., 2015). A number of studies have shown
that disrupted tumour suppressor genes can also be repaired using
CRISPR/Cas9 technology (Zhang et al., 2021).

Cancer cells can develop resistance to cancer drugs. Chemoresistance
occurs due to the chemoresistance genes. It has been demonstrated that these
genes could be eliminated by CRISPR/Cas9-mediated treatments (Fig. 11).
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Figure 11. CRISPR/Cas9 Applications In Cancer Research And Therapy (Zhang et
al., 2021)
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In the diagnosis of cancer, liquid biopsy is also used in addition to
traditional tissue biopsy. Liquid biopsy is an alternative approach to
conventional tissue biopsy. It facilitates early detection of cancer. Moreover,
better evaluation of mutations and intra-tumour heterogeneity in metastasizing
cancer types is possible with this biopsy. With liquid biopsy, the drug
resistance profile of cancer can be determined before and during treatment.
Orthogonal Cas13 enzymes have been used in one of the studies on liquid
biopsy, where multiple mutations associated with cancer could be detected at
once (Palaz et al., 2021). Early detection of cancer has a great impact on
survival. Research on cancer diagnosis and treatment by CRISPR/Cas systems
appears to continue to increase.

8. CRISPR AND ETHICS

Although the CRISPR/Cas can be as an efficient system in genome
editing and in its other applications, the use of this system in humans has
brought some concerns. The CRISPR/Cas system can be applied in human
gene therapy. This possibility bears many ethical factors with it. Spreading of
CRISPR/Cas9's in human genome could be the first concern with its most
fearsome consequences (Jothi et al., 2021). Four problems appear to be
prominent in editing human embryos with CRISPR/Cas9. First, there is a
potential risk factor for genome rearrangement. Another is the validity of the
medical implications. Third is the criteria set for the selection of individuals.
Finally, the concerns on consequent casualties which could likely occur
during the establishment of relevant technologies (Lander, 2015; Jothi et al.,
2021).

Genetically modified organisms, GMOs, constitute another form of
concern in human societies in general, as they are already at the centre of
ethical discussions. CRISPR/Cas systems have also contributed to these
concerns as they bring much more powerful manipulative means in this realm
(Table 7). The accelerated development of the CRISPR/Cas system and the
rapid increase in its application areas have already created a worldwide
CRISPR/Cas market, amounting to US$1.5 billion. And it is expected to grow
by 20% until 2026.
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Tablo 7. The Risk Factors And Ethical Issues Involving CRISPR/Cas9 (Takavoli et

al., 2021).
Organisms Risks Bioethical Issues
Bacteria Gene mutations/drifts Disruption of ecological
balance
Plants Gene mutations/drifts Disruption of ecological
balance
Animals/ . Disruption of ecological
Gene mutations bal
Chimeric Animals alance
Eugenics

Informed consent

Gene mutations

Enhancement
Side effects -

Humans Accessibility

Cost Patenting

Grenetic mosaicism Safety
Incomplete or over
legislation
CONCLUSION

CRISPR/Cas systems have been rapidly developing into powerful DNA
manipulation tools since their discovery in 1987. Although not included in the
references, hundreds and even thousands of forthcoming studies apply the
CRISPR/Cas system in medicine in order to treat a diverse cohort of diseases,
to increase the yield and nutritive quality of agriculture products and of food
industry. Despite the valid ethical concerns, the future success of this
technology seems to be inevitable.
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INTRODUCTION

Social, economic, and technological factors in human life cause
many habits to change. One of the habits affected by these factors is the
daily diet of people. Access to information more quickly with
developing technology triggers people to review their eating habits for
a healthier life. In response to the demands made on this subject, the
term functional food has entered our lives. Functional foods are defined
as foods that improve health status as well as meet basic nutritional
needs (Cencic & Chingwaru, 2010; Shahidi, 2004). Studies show that
functional foods have positive effects on health conditions such as
cardiovascular diseases (Chiu et al., 2018), diabetes (Alkhatib et al.,
2017), obesity (Sunkara & Verghese, 2014), neurodegenerative
diseases (John et al., 2020), healthy aging (Ferrari, 2004) and cancer
(Islam & Siddiqua, 2020). Fermented products containing probiotic
microorganisms constitute an important group among functional foods
that attract attention with their many health-beneficial features.
However, the use of postbiotics and paraprobiotics, which are a
discovery in functional food ingredients, has increased the interest in
this subject (Cuevas-Gonzalez et al., 2020).

1. PROBIOTICS

Originating from a Greek word meaning “for life”, the term
probiotic is defined in a 2001 report by “the Food and Agriculture
Organization of the United Nations (FAO) and the World Health
Organization (WHO)” as “live microorganisms that, when taken in
adequate amounts, benefit the health of the host” (FAO/WHO, 2001).
When people started to consume fermented milk and meat products,
probiotic cultures met the human body; however, their existence was
discovered centuries later. Studies conducted for many years have
shown the prophylactic and therapeutic effects of probiotic bacteria on
the gastrointestinal system, immune system, cardiovascular system, and
many types of cancer. It is thought that these beneficial effects of
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probiotic bacteria are realized with three different approaches (Figure
1).

Figure 1. Three Different Approaches To The Health Benefits Of Probiotic Bacteria

In the first approach, probiotic bacteria regulate the innate or
acquired immune system of the host. This emphasizes the importance
of it in the management or prevention of infectious diseases, as well as
the reduction of digestive tract inflammationProbiotic bacteria are
advantageous in maintaining the microbial balance in the
gastrointestinal system, according to the second approach, by altering
the commensal or pathogenic microorganisms that live in the intestines.
In the third approach, probiotic bacteria generate metabolites that have
detoxification-like properties (Oelschlaeger, 2010). Although bacteria
are generally included in probiotics, there are also molds and yeasts
with probiotic properties, and lactic acid bacteria are the most common
probiotic bacteria group due to their generally recognized as safe
(GRAS) (Aguilar-Toala et al., 2018; Singh et al., 2011). The most
commonly used lactic acid bacteria species in probiotic formulations
are listed in Table 1.
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Table 1. Lactic Acid Bacteria Species Most Commonly Used In Probiotic
Preparations (Parvez et al., 2006)
Lactebacillus sp.  Bifidebacterinm sp.  Enterococcus sp. Streptococcns sp.

L acidophilis E. bifichan E. faecalis & cremaris
L cemei B adolescentis E fascium . salivariis
L delbruecki ssp. B aninalis = diacetylactis
{Elaaricis)
L cellobiosis B bifartis & indermedis
L cwvahis B thermophilim
L. fermertim B longim
L lacitis
L. plovdterum
L reuteri
L brevis

Especially Lactobacillus and Bifidobacterium species are
preferred as starter cultures in fermented food products, but
Enterococcus species are also used in foods due to their technological
advantages (such as acid and salt resistance) (Hanchi et al., 2018) and
some beneficial effects on health (Nascimento et al., 2019). When
deciding whether to use any microbial culture in food applications, the
strain must have met many competencies. A decision tree form was
created for a safety assessment process for microbial cultures (Pariza et
al., 2015). Even though probiotic bacteria to be used in foods have
passed all these safety levels, some factors prevent these bacteria from
showing their beneficial properties. Probiotic bacteria taken into the
body through food must be able to survive based on stomach and
intestinal conditions, to be able to adhere to the intestinal epithelium
after coming to the intestine and colonize and reach a sufficient number
there. Only after that, bacteria can show beneficial effects on health
with the metabolites they produce. It is not always possible for all these
conditions to occur in every individual. For this reason, the concept of
probiotics has been reshaped today with the definitions of
"paraprobiotic” and "postbiotic".
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2. PARAPROBIOTICS

Some factors such as gastrointestinal system conditions and
antibiotic use may adversely affect the viability of probiotic
microorganisms. For this reason, the use of only living microorganisms
for the treatment of some diseases may not be sufficient.
Paraprobiotics, also known as ghost probiotics, non-viable probiotics,
or inactivated probiotics, are defined as “inactivated microbial cells
that, when taken in adequate amounts, provide benefits to the
consumer” (Nataraj et al., 2020). To obtain paraprobiotics, probiotic
microorganisms are inactivated by using certain chemical or physical
methods indicated in Figure 3 (Akter et al., 2020; Barros et al., 2021,
de Almada et al., 2016; Kim et al., 2020; Nakamura & Mitsunaga,
2018).

) Lradiation or ionizing radiation

| Ultraviyolet rays

|

A ie’ et ... |
EE—— |
|
|

|

|

|

|

) Pulsed electric field
) Ohmic heating

| Supercritical CO,

| pH changes

Figure 3. Inactivation Methods Of Microorganisms Used To Obtain Paraprobiotics
(Akter et al., 2020; de Almada et al., 2016)

Paraprobiotics have been reported in several studies to provide a
wide range of health benefits (Figure 4) (de Almada et al., 2016; Oner
et al., 2021). Some of these properties are antioxidant activity (Aydin et
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al., 2021), antibacterial activity (Chen et al., 2020), antiobesity (Lim et
al., 2022), antiproliferative activity (Maghsood et al., 2020).

|'i Inhibition of pathogens |

0 Modulationof the intestinalmicrobion 4

» Recovery of intestinal injuries

[i Modulation of the host’s adaptive and innate immune system

| » Reduction of bacterial translocation and preservation of the intestinal barrier

|'i Treatment of diarrhea

0 Modulationofinflammation

» Reducing lactose intolerance

|_ » Cholesterol reduction |

| » Respiratory diseases

|' » Improvement in aleohol-induced liver diseases '

» Treatment of atopic dermatitis

|_ » Modulation of the response to visceral pain |

|'i Treatment of colitis

|_ ) Suppression of some age-associated manifestations

» Inhibition of dental caries

» Potential anxiolytic and antidepressant effects

Figure 4. Health Benefits Of Paraprobiotics (de Almada et al., 2016; Siciliano et al.,
2021)

It is thought that non-living bacteria exert their beneficial effects
on health through the cell membrane, cell wall, and cytoplasmic
components they contain (Abd EIl-Ghany, 2020; Teame et al., 2020).

3. POSTBIOTICS

The word postbiotic, also known as metabiotic, biogenic, or
metabolite/cell-free supernatant, refers to substances produced by
living bacteria or released following bacterial lysis. These products
include short-chain fatty acids (SCFA), peptides, organic acids,
enzymes, teichoic acid, exopolysaccharides, muropeptides, cell surface
proteins, vitamins (Figure 5) (Aguilar-Toala et al., 2018; Kerry et al.,
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2018). Disadvantages such as the inability of living microorganisms to
keep the cell viability at the desired value due to many factors affecting
their viability in the gastrointestinal tract, their potential to transfer
antibiotic resistance genes to pathogenic bacteria, the risks of
increasing acute inflammation and mortality rate lead to limitations in
the use of live probiotic bacteria. However, postbiotics draw attention
to their advantages such as being more easily produced on a pure and
industrial scale and being easily stored (Erginkaya & Konuray-Altun,
2022).
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Figure 5. Types Of Postbiotics (Zotkiewicz et al., 2020)

In addition to having local effects on health such as
antimicrobial (Indira et al., 2018), anti-inflammatory (Maghsood et al.,
2018), and immune regulation, postbiotics also have systemic effects
such as antioxidant (Liang et al., 2016), anticancer, antihypertensive,
and hypocholesterolemic (Bhat & Bajaj, 2018) effects (Figure 6)
(Aguilar-Toala et al., 2018).
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Figure 6. Potential Local And Systemic Beneficial Effects Of Postbiotics (Aguilar-
Toal4 et al., 2018)

Postbiotics exert their therapeutic effects through a variety of
methods, including improved epithelial barrier function, beneficial
microbiota regulation, immune response modulation, systemic
metabolism modulation, and nervous system signaling (Figure 7)
(Salminen et al., 2021).
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Figure 7. Mechanisms Of Action Of Postbiotics (Salminen et al., 2021)

CONCLUSION

Due to the strong relationship between nutrition and health,
people pay more attention to using functional foods in their diets to
lead a healthier life and to help treat their existing diseases. The
beneficial effects of probiotic bacteria found in fermented foods that
people often consume in their daily diet have been known for a long
time. The discovery of many beneficial effects of postbiotics and
paraprobiotics, which have just entered the probiotic world, has opened
a new door for the development of new functional foods.
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INTRODUCTION

Lantibiotics are the posttranslationally modified antimicrobial peptides.
They assume their functional forms through a proteolytic processing, and are
extruded by the release machinery to the extracellular milieu. Repeating
peptidoglycan units of the target cell wall or integral lipids of the membrane,
such as phosphatidylethanolamine and phosphatidylserine, appear to serve as
the specific binding targets of these antibacterial agents. A cohort of natural
lantibiotics from diverse species of bacteria now exist along with their
modified and engineered forms. Insights have been gained into the practical
aspects of this inventory covering areas from bacterial pathogens to deadly
viruses and cancer types. This chapter attempted to reflect the current status of
the lantibiotics biology and of their functional magnitude.

OVERVIEW

Antimicrobial peptides (AMPs) are one of the “narrow range”
biological arsenals of Bacteria to fight for survival in adverse situations, since
AMPs of two major groups of Bacteria, Gram (+) and Gram (-), are only
effective from within, in other words, they are ineffective on the other group.
Producing organism is expectedly immune to its own AMPs (Smits et al.,
2020).

Lantibiotics are the posttranslationally modified AMPs, bacteriocins,
and two prominent types (I, and Il) are featured by their two unique amino
acid residues, lanthionine (Lan) and 3-methyllanthionine (MeLan). Two
dehydrated amino acids, 2,3-didehydroalanine (Dha) and 2,3-
didehydrobutyrine (Dhb) are also frequently encountered. Besides, few
lantibiotics harbour S-aminovinyl-D-cysteine, S-aminovinyl-D-
methylcysteine, lysinoalanine, or erythro-3-hydroxyaspartic acid. Genes
encoding these peptides are clustered together and the genes responsible for
their modifications, proteolytic cleavage, and transport are also grouped
together in lan cluster. Lantibiotics assume their functional forms through a
proteolytic processing, and are finally extruded by the release machinery to
the extracellular milieu. Cationic lantibiotics form holes on the membrane of
target organisms by anchoring onto the specific membrane lipids, such as lipid
Il or phosphoethanolamine (Guder et al., 2000).
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Molecular weight of lantibiotics differ in the two major groups of
bacteria. The ones produced by the members of Gram (-) bacteria appear to be
much larger, within 30-70 kDa range, whereas the other major group of
bacteria, Gram (+), synthesizes small peptides between 2 and 5 kDa. Typical
examples for the former lantibiotics include the unmodified colicin
lantibiotics (Table 1). Gram (-) bacteria also produce modified AMPs,
microcins, which are less than 10 kDa (Guder et al., 2000).

Table 1: Names and structures of identified lantibiotic peptides (Guder et al., 2000).

Molecular Modified Residues
Mass
Lantbictic (D) Producer Species Lan Mel an Dha Dhb Ref
Mizin Group
Misin 4 3353 Lactococcus lactis 1 4 2 1 45
Misin Z 3330 Lactococcus lactis 4 2 1 4.5
Subtilin 3517 Bacillus subtilis 4 2 1 45
Epidermin group
Epidermin 2164 Staphylococcus spidermidiz 2 1 a 1 4.5
[Vall-Leuf]-epiderman® 2151 Staphylococcus spidermidiz 2 1 a 1 4.5
Gallidermin 2164 Staphylococcus spidermidiz 2 1 a 1 4.5
Mutacin B-Ny266* 2270 Streptococcus mutans 2 1 1 1 4.5
Mutacin 1140% 2263 Streptococous mutans 2 1 1 1 84
Mutacin IIT* 2266 Streptococcus mulans 2 1 1 1 83
Pep5 group
Pep3 3488 Staphylococcus spidermidiz 2 1 a 2 4.5
Epilancin K7 3032 Staphylococcus spidermidiz 2 1 2 2 45
Epicidin 280" 3133 Staphylococcus spidsrmidis 1 2 a 1 4.5
Lacticn 481 group
Lacticin 4851 2901 Lactococcus lactis 2 1 o 1 45
Streptococan A-FF22* 2795 Streptococcus pyogenes 1 2 a 1 45
Butyrivibriocin ORT94A* ? Bupwivibrio fibrisolvens 1 2 a 1 86
Salivancn A" 2315 Streptococcus salivarius 1 2 a 1] 45
[Ly=2, PheT]-salivaricin A* 2321 Streptococcus salivarius 1 2 a 0 4.5
WVarnacin® 2658 Micrococcus varians 2 1 a 1 4.5
Lactocin 5 3764 Lactobacillus sake 2 a a 1 45
Cypemycim 2094 Streptomyces ssp o a a 4 4.5
Plantaricin C 2880 Lactobacilluzs plantarum 1 3 1 0 8
Mersacidin group
Merszcidin 1825 Bacillus ssp. o 3 1 45
Actagardime 1890 Actinoplanes ligurias 1 2 a 4] 4.5
Ala{0)-actagardina™ 1961 Actinoplanes ligurias 1 2 a 88
Cinnamycin group
Cinnamycm 2042 Streptomyces cinnamensus 1 2 a 0 45
Dhrammyein 2014 Streptomyces CInnamMonss 1 2 a 0 4.5
Dhoramyein B 1951 Streptoverticillium sp. 1 2 a 0 45
Dhrammyein C 2008 Streptomyces grizecluteus 1 2 a 0 4.5
Ancovenin 1359 Streptomyces ssp. 1 2 1 1] 45
Structures meomplete
Sublancin 168 3877 Bacillus subrilis 89
Mutaein IT 3245 Streptococous mutans 90
Camocin UT 49 4635 Carmobacterium piscicola 4.5
Mukacin ISE-1 2960 Staphylococcus ssp. ®
Structures moomplete/taro-
component lantibioties
Cytolysm Al 4164 Enterococcus fascalis 13
Cytolysm A2 2631
Staphylococein C35x 3339 Staphyloceccus aureus T35 14
Staphylococein C558 2093
Lacticin 3147 A 3322 Lactococcus lactis DPC3147 15
Lacticin 3147 B 2847

* Bridzing patterns are not proven bt assmmed to be identical to those of the ralated peptides in the respective group. Pefersnce: 4 and
5 contain detailed literatore on stmctures identified before 1995 or 1008,
* Sonomoto, E. pers. commmumication



95| DEPTHS OF SCIENCE

Earlier attempts have tried to classify lantibiotics into two types, | and
I1, on the basis of their primary structures. Linear lantibiotics, like nicin, are
included into type I. These are cationic, pore forming, and relatively more
flexible peptides. The second type includes globular molecules, such as
ancovenin, cinnamycin, and duramycin, as their heads and tails are cross-
linked (Fig. 1). This latter group differs greatly in its antimicrobial activity
(Kogler et al., 1991; Zimmermann et al., 1995; Guder et al., 2000).

epidermin

mersacidin

Figure 1: Characteristic structures of lantibiotics. Dha: 2,3-didehydroalanine; Dhb:
2,3-didehydrobutyrine; Abu: a-aminobutyric acid; Ala-S-Ala: lanthionine; Abu-S-
Ala: 3-methyllanthionine (Guder et al., 2000).

N-terminal of lantibiotics contains a leader peptide. C-terminal includes
the amino acids to be modified and thus it is hamed prepeptide. Four genes
responsible for the modification reactions are named lanB, lanC, lanM, and
lanD. A proteolytic cleavage gene (lanP), a transport gene (lanT), immunity
genes (lanl, lanEFG), and regulatory genes (lanK, lanQ, and lanR) constitute
the remaining of the cluster. The cluster can either be located on the
chromosome or can be extrachromosomal. Each of the two type lantibiotics
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have their own modifying, biosynthetic, genes. Type | lantibiotics are
modified by lanB and lanC (Kuipers et al., 1993) while the members of type
Il are modified by a single gene product LanM (Fig. 2) (Altena et al., 2000;
Guder et al., 2000). One or two genes, responsible for the self-immunity, are
found within the gene clusters of types | and Il. These encode a lipoprotein,
Lanl, and LanFEG proteins. Lanl is anchored on the outer membrane surface
through its fatty acid moiety (Smits et al., 2020).

nisin
nisA nis8 nisC nisl nisP nisk nisk  nisF  nisE  nisG
mersacidin

(D50 o) m— )

mrsR2 mrsF - mrsG mrsE mrsA mrsR1 mrsD mrsM

Figure 2: Nisin and mersacidin gene clusters. Structural genes (red), genes
modification genes (dark blue) necessary, export genes (green), regulating genes
(yellow), self-immunity genes (light blue), and protease genes (grey) (Guder et al.,
2000).

In dehydration reactions Ser and Thr residues serve as the substrate,
yielding Dha (2,3-didehydroalanine) and Dhb (2,3- didehydrobutyrine),
respectively. When cysteine is present in the vicinity, these amino acids are
further modified by Michael addition (Fig. 3). LanD, the oxidoreductase,
oxidizes cysteine at C-terminus. This cysteine is the substrate for
decarboxylation with the ultimate product being the enethiol anion. It has
been envisaged that this enethiol reacts with an internal 2,3-didehydroalanine
(Weil et al., 1990; Guder et al., 2000).
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Figure 3: Chemistry of Lan and MeLan formation. Ser (R: H) 3 Dha 3 Lan; Thr (R:
CH3) 3 Dhb 3 MeLan (Guder et al., 2000).

Overall, bacteriocin biosynthesis involves a two-component regulatory
system, comprising a histidine kinase, LanK, on the cell membrane and a
response regulator, LanR. Upon induction by an external signal, the kinase
phosphorylates itself at its cytoplasmic histidine and this phosphate group is
finally transferred onto LanR at an Asp residue. This phosphorylation induces
a conformational change in LanR and leads it to bind to a DNA element, the
operator sequence of a defined gene.

After modification, the leader sequence of the lantibiotic prepeptide
(LanA) was excised by LanP. This protease has similarities to subtilisin and is
specific for type | lantibiotics. For this protease to cleave, the leader amino
acid sequence should harbour the FNLD consensus sequence as well as a
proline at position 22.

The transport protein LanT belongs to the ABC (ATP-binding-cassette)
superfamily. It has transmembrane N-terminal- and cytoplasmic ATP binding
C-terminal domains. Hence, the lantibiotic extrusion is an energy driven
process (Guder et al., 2000).

Some of the lantibiotics do not fall into either of the two types. These
include lantibiotics having two polypeptide components. Each of the
components, by itself, seems to display insignificant or no antibacterial
activity. Synergistically however they are capable of behaving as robust
lantibiotics. This group is as yet made up of relatively few members which
can be closely- or distantly related. Structurally related members include
lacticin 3147, plantaricin W, and staphylococcin C55A, and the distant one is
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cytolysin. A distinct subgroup has been created for these lantibiotics
(Asaduzzaman and Sonomoto, 2009).

Not all lantibiotics are characterised by Lan and MeLan residues. Best
known examples of these are labyrinthopeptins. These peptides contain
labionin (Lab), a variant of Lan which is made up of two Dha (2,3-
didehydroalanine) and one cysteine. Lab is in essence a compound in which
cysteine is bonded with Dha through a methylene bridge. In addition, they
have a disulphide bridge between two cysteine residues. Labyrinthopeptins
form the third type of lantibiotics and are relatively shorter peptides, ranging
from 18 to 21 amino acids. One bacterium could synthesize more than one
type labyrinthopeptin. So is the case with Actinomadura namibiensis DSM
6313, which produces three types of labyrinthopeptins (LabA1-3). The
differences can arise from the addition of one single amino acid (Fig. 4e).
LabAl appears to be an effective antiviral agent against human
immunodeficiency- and herpes simplex viruses. This peptide interferes with
the entry of these viruses into the cell and with the invasion of the uninfected
cells. Thus LabAl could be an alternative to a number antiviral drugs in the
treatment of drug-resistant viral strains (Gomes et al., 2017).
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Figure 4: Typical examples of actinobacterial lantibiotics.
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Lantibiotic production requires the immunity of the producing
organism. Immunity appears to be rendered by small peptides of specific
bacteriocin antagonists. Lantibiotic producing organisms also possess
transport proteins belonging to the group B of ABC superfamily. These
transport proteins send the bacteriocins bound to the cell membrane, back to
the extracellular environment.

So far, it has been evidenced that lantibiotics often disrupt the integrity
of cytoplasmic membrane as well as interfering with the de novo synthesis of
Gram (+) cell wall. Such destructive activities have been shown on Bacillus
members and erythrocytes. It appears that outer membrane of Gram (-)
bacteria is an impasse to the attacks of lantibiotic peptides.

In vitro studies have revealed that lantibiotics, in general, form tight
complexes with the essential component of cell wall, undecaprenyl-
diphosphoryl-N-acetylmuramic acid-[pentapeptide]-N-acetylglucosamine, and
that they can inhibit transglycosylation (Fig. 5) (Gomes et al., 2017).

A

§

ng
peptidoglycan chain

°

transglycosylation

mersacidin
.....

lipid 11

pore formation

Figure 5: Interference of mersacidin (A) and nisin (B) with cell wall synthesis over
lipid 11, and with pore formation, respectively (Guder et al., 2000).
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The kinetics of type A lantibiotics seems to be much faster and they
exert a detergent effect on the target cell membrane and cell lysis ensues
immediately. This has been evidenced on Clostridia cells treated with nisin.
Hydrophilic interactions between the positively charged residues of the
lantibiotic peptide and the lipid’s negatively charged phosphate groups seem
to govern this destructive process. Kinetics of nisin- binding on purified lipid
targets has been demonstrated to be two- or three fold faster than on the whole
cells.

For some of the type Il lantibiotics specific target lipids have been
identified in the cell membrane. Phosphatidylethanolamine, for example, can
bind cinnamycin or duramycin, and such interactions interfere with the
activity of phospholipase I1.

Nisin is a commercialised type | lantibiotic and has been effectively
used in food industry. In canned food products, combined with pasteurization,
nisin is a proteinaceous protective agent against Clostridium botulinum.
Because of its stability in acidic pH, it can also be used against Helicobacter
pylori (Delves-Broughton et al., 1996). Decades of studies with nisin has
prompted the notion that lantibiotics could replace some of the currently used
antibiotics, offering a partial solution to the problem of antibiotic resistance.
An antibiotic, vancomycin, for example, is also capable of targeting
membrane lipids, lipid I, through sugar-phosphate parts. Nisin, on the other
hand, has been shown to bind both to lipid | and to lipid Il. Peptide
“antibiotics” are more versatile molecules in that their action mechanisms can
be elucidated through introducing predetermined changes in their primary
structure (Gomes et al., 2017).

IDENTIFICATION OF UNKNOWN LANTIBIOTICS FROM

UNCULTIVABLE MICROORGANISMS

Most of the prokaryotes are currently uncultivable and they have been
thought to have an immense potential for the discovery of “novel” genes of
interest. Whole genomic sequences have been used in respective studies and
such efforts are called genome mining. EXisting sequence data on the genes of
interest are employed as the driver to identify similar but unknown genes in
the databases. For example, the genes halAl and halA2 for a two-component
bacteriocin, haloduracin, has been mapped from Bacillus halodurans by using
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the nucleotide sequence information of mersacidin. The production of the two
polypeptides, HalAl and HalA2, have been successfully established in E. coli
by means of recombinant manipulations (Sandiford, 2017).

Two bioinformatics tools, BAGEL (BActeriocin GEnome mining tool)
(van Heel et al., 2013) and antiSMASH (antibiotics and Secondary Metabolite
Analysis SHell) (Medema et al., 2011) and their versions have been employed
in the identification of unknown lantibiotic gene family members. New
versions have included additional algorithms, enabling the prediction of the
lantibiotic fine structure and functional amino acid motifs and mapping the
biochemically active sites. Recent identification studies could be performed
without relying on the sequence markers, defining the open reading frames
(Sandiford, 2017).

THE TRANSPORT OF LANTIBIOTICS TO THE

EXTRACELLULAR ENVIRONMENT

The release of lantibiotics into the exterior of the producing organism
serves dual functions, to protect the self and to combat others. ATP-Binding
Cassette (ABC) system serves in the transport (Figs. 6 and 7). Members of
ABC transporters’ superfamily are common in the three domains of life with
multiple functions. They export signalling- and toxic molecules, import
cellular food, and play a crucial role in rendering the host to be a multidrug
resistant cell. As the name suggests, these processes are all driven at the
expense of cellular ATP. ABC system comprises two domains: twelve helix-
transmembrane domain (TMD) enables the translocation of the export
molecules, and a dimeric nucleotide binding domain (NBD) binds and
hydrolyses ATP (Smits et al., 2020).
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Class I: nisin A Lactoccocus lactis

NisA NisB NisT NisC Nisl NisP NisR NisK NisF NisE NisG

Class ll: lichenicidin  Bacillus licheniformis

a6

LicM1 LicAl LicA2 LicM2 cagplicT LicP LicG LicF  LicE LicH Licl

Class III: labyrinthopeptin A2  Actinomadura namibiensis

m = » ” >_ | b

LabKC LabA1/A2 LabT1 LabT2

Class IV: venezuelin  Streptomyces venezuelae

VenL VenA VenT  VenH

Class V: ImxA  Streptomyces rochei

ENNNNNNY o e s e LSS | ) G (| S—

Lxm) LxmP1 LmxP2 LxmM LxmY LxmK LmxX LmxD LmxALmxT Lmxl LmxR1LmxR2
Figure 6: Genes of class | to class V lanthipeptides. Grey precursor peptide LanA;,
class | LanB (blue) and LanC (red); class Il: bifunctional LanM (blue, red striped);
class IlI: trifunctional LanKC (blue, grey striped); class IV trifunctional LanL
(orange, green striped); exporter (yellow); bifunctional exporter/protease (light
orange/yellow); immunity proteins (orange); two-component system (violet); class V
trifunctional synthetases LanK, LanX and LanY (green striped, blue and red,
respectively). Known promoters have been indicated as white arrows (Smits et al.,
2020).

Class I: Mccl25 Escherichia coli

i

McjA McjB McjC McjD

Class lla: MccV  Escherichia coli

e @)

CvaA CvaB CvaC Cvi

Class llb: MccE492 Klebsiella pneumoniae RYC492
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Figure 7: Class | and lla/lb microcins genes. Precursor peptide (yellow);
posttranslational modification enzymes (green); self-immunity by transporters (blue

and purple); self-immunity proteins (excluding export) (red); unknown function
(grey); promoters (white arrows) (Smits et al., 2020).
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A LanT type ABC system enables the export of type | lantibiotics and
this involves NisT, SpaT or PepT transporters (Fig. 8; Table 2). Before
transportation, the leader peptide is removed from the peptide to be exported.
As mentioned above, this cleavage is exerted by a specific protease, LanP,
which can be membrane-bound (PepP, EciP or EIXP) or free in the cytoplasm
(EpiP or NisP). The secretion of type Il lantibiotics also involves LanT-type
transporters (as in class 1) and leader peptide is suggested to be removed
during the final maturation phase by POPs (prolyl oligopeptidases). In the
secretion of type Il lanthipeptides, final peptide maturation- and transport
processes are combined and the final maturation stage requires a second
peptidase activity (Fig. 6). Here, SunT family members, for example BovT,
LctT, LicT, MrsT or NukT, furbish the cell with both secretion and
proteolytic activities (Smits et al., 2020).
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Figure 8: Proteins of self-immunity. (A) LanFEG ABC transporter Lanl (yellow),
LanFE(G) ABC transporter and LanH (blue). LanTH ABC transporter (green). (B)
Lanl family: Nisl of Lactococcus lactis (left). Spal of Bacillus subtilis (middle panel)
and MIbQ of Microbispora ATCC PTA-5024 (right panel). Nisl (turquoise and blue),
Spal (yellow), and MIbQ (purple) (Smits et al., 2020).

Table 2: Physical and biochemical features of ABC transporters in immunity or
resistance (Smits et al., 2020).
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Lanthipeptide ABC SunT (fused NBD
transporters LanT and TMD) + C39 LanFEG BceAB
Sequence length 602 710 225 + 242 + 214 253 + B48

(amino acids)

Predicted 6 5or 6 LanE: 6 BceB: 10

transmembrane LanG: 6

helices
Stoichiometry Homodimer Homodimer Heterodimer BceAB: unknown (dimeric BeeA)

LanFEG: 2 :1:1
Special sequence - N-terminal C39 LanF: E-loop BceA: Q-loop
motif peptidase domain BeeB: 210-amino acid-long extracellular
domain between helices 7-8

Inactive transport H-loop H-loop H-loop H-loop

mutant

Observed Secretion of produced and or Leader processing Expelling AMP Expelling AMP/ shielding of membrane
mechanism processing of lantibiotic and secretion target

Substrate AMP (recognised by leader AMP {recognised by Irmrmunity against Resistance against AMP and bacitracin
specificity sequence) leader sequence) produced AMP Nisin: recognition of N terminus

Nisin: recognition
of C terminus

Type |l lantibiotics duramycin and cinnamycin bind the PE head at
equal stoichiometric ratios and with high propensity by virtue of their
conserved hydrophilic pocket, spanning from phenilalanine-7 and cysteine-14
(Fig. 9). An ionic bond, between the ammonium head and asparaginel5 of the
peptide, stabilizes the binding. Thus the peptide pocket and the ionic bond
both account for the high affinity binding. A third factor might also come into
play in the specificity of binding. This is the length of the hydrophobic lipid
chain. Longer chains, containing more than eight carbons, appear to favour
the peptide-lipid interaction. These features have formed the basis of
developing lantibiotic probes in order to target PE within the closely related
membrane lipids in order to understand membrane dynamics of healthy and
diseased cells, and the course of membrane division during mitosis (Zhao,
2011).
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Figure 9: The interaction between of cinnamycin and phosphatidylethanolamine
(yellow): PE-binding site (purple circle) (Zhao, 2011).

Owing to their robust structures lantibiotics are naturally suitable
proteins in the design and production of fruitful probes, as the transversal
intramolecular bridges further stabilize their closed ring structure. N-terminal
primary amines located further away from the PE-binding region, are also
readily available for labelling efforts, using biotin esters or radiolabels. Two
of the radiolabels used are technetium (Tc) and gadolinium (Gd). Duramycin
is also attached onto the fluorescent liposomes. Cinnamycin at 5 pM could
lyse 50% of human erythrocytes within a few minutes. This disadvantage
seems to be completely eliminated, when it is complexed with avidin. The use
of radiolabelled lantibiotics involves chelation chemistry (Choung et al.,
1988; Zhao, 2011).

Phosphatidylethanolamine, PE, is an anticoagulant and normally found
in the inner membrane leaflet of mammalian cells. During mitosis or in
apoptotic cells it can move to the outer leaflet. This also appears to be the case
in budding Saccharomyces cerevisiae. A duramycin probe conjugated with
avidin has identified a glycoprotein (Ros3p) was responsible for the
translocation of PE, in other words, its movement to the outer membrane
leaflet. PE deficiency interferes with cytokinesis in bacteria and mammalians
(Kato et al., 2002; Zhao, 2011).

One of the main characteristics of apoptotic cells is the disruption of
asymmetric organisation of their membrane lipids. In apoptotic cells, besides
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PE, phosphatidylserine (PS) translocates to the outer membrane leaflet.
Hence, these two lipids serve apoptotic markers and they can be localised
with labelled lantibiotics. This approach could also differentiate live cells
among the dead ones (Zhao, 2011).

ENGINEERED LANTIBIOTICS

Lantibiotics are promising antibiotic biomolecules. Their genes can be
cloned from uncultivable microorganisms and recombinantly expressed in
order to enrich lantibiotic inventory. Along these lines, in vitro systems have
been employed to translate lanthipeptide mRNAs and these systems have
produced more than a thousand engineered variants of a single lanthipeptide.
Heterologous production systems have also been utilised for the translation
and screening of lantibiotic gene libraries. A workhorse of these heterologous
expression efforts has been Lactococcus lactis for heterologous protein
expression (Pipiya et al., 2020).

The Nisin- controlled expression, NICE, comprising an autoinduced
system, has been established within the nisin biosynthetic cluster of the L.
lactis. Upon the extrusion of nisin into the extracellular milieu, a membrane-
bound kinase, NisK, phosphorylates itself and transfers the phosphate group
onto NisR, an intracellular regulatory protein. Phosphorylated NisR
specifically binds to the promoter of NisA gene and induces the expression of
following genes. This whole system serves the well-ordered production of
interested heterologous lantibiotic peptide. Many findings have revealed
distinguishing modular amino acid motifs and shapes in lantibiotic peptides.
These modules have been copied in the generation of synthetic peptide
libraries. In the libraries, the modules of 12 different lantibiotics have been
recombined in L. lactis. Screening of these libraries have identified, for
example, some chimeric peptides, comprising gallidermin and nisin modules,
that were significantly more effective on a Gram (+) pathogen, Streptococcus
pneumonia, than their native- state counterparts (Pipiya et al., 2020).

Another bacterium that has been notoriously exploited in the
recombinant protein production is obviously Escherichia coli. Prochlorosins
have been produced in much higher yields in this bacterium than in the
engineered strain MIT 9313 of native Prochlorococcus marinus.
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It has been realised that the leader peptide of lantibiotics interfered with
the antibiotic activity of the engineered versions. Thus engineered lantibiotics
had to be treated with suitable proteases to remove the leader amino acid
sequence. This step which appears to be the most cumbersome of the whole
production scheme, have been overcome by producing LicP, the protease
within the cell and then directing it to the periplasm. This stage was controlled
in a temperature-sensitive manner.

As mentioned above, antimicrobial activity of lantibiotics is normally
limited to Gram (+) bacteria. Chimeric lanthipeptides have been attempted to
challenge this bottleneck and go over into the kingdom of Gram (-) bacteria.
One of the solutions has been the gallidermin and siderophore conjugates.
Here siderophore has been expected to bind its receptor on the membrane and
internalize with it the lantibiotic. These efforts have been fruitless because
Gram (-) bacteria appeared to possess an inherent immunity to lantibiotics.
Following studies have used short peptides with known activity, and nisin
combinations. These attempts yielded some encouraging results.

Macrocyclic structures in lantibiotics have been prompted the notion
that the macrocycles could interrupt the interaction of other proteins as they
resemble natural ligands of proteins. Gene libraries could also provide a
significant diversity of these cycles. This approach bore some fruit in the
inhibition of the interaction between an HIV protein, p6, and human TSG101.
This finding had positive implications because with this approach the
infection of a deadly virus could be disrupted (Pipiya et al., 2020).

IN VIVO EFFORTS TO INCREASE YIELD

Many lantibiotics are naturally produced at low yields and this impedes
especially their medical use. Protein engineering via amino acid substitutions
have been seen a means of overcoming this problem. These efforts have not
improved significantly the activity of lantibiotic of interest but it increased its
yield (Escano and Smith, 2015).

Overproduction of nisin and its posttranslational enzymes have long
been made possible by the use of inducible promoters. Considerable efforts
have been made in order to express type Il lantibiotics heterologously in E.
coli. A successful outcome of the latter studies was the production of
lichenicidin, which is a two-peptide lantibiotic of Bacillus licheniformis,
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showing antimicrobial activity against Listeria monocytogenes, and resistant
strains of Staphylococcus aureus and enterococci (Escano and Smith, 2015).

Chemical production of natural lantibiotics omits the necessity of the
coexpression of modification enzymes and paves the way for the design and
development of analogous lantibiotics. Here, generally toxic metabolite
antibiotics can also be included in the production schemes. First and only
successful production case was for nisin. Advancements in SPPS (solid phase
peptide synthesis) has also enabled a number of chemical lantibiotics other
than nisin. Its first fruitful product has been lactocin S of Lactobacillus Sake
L45. Following efforts has incorporated norleucine, a non-proteinogenic
amino acid, into this synthetic lantibiotic. This substitution has attempted to
eliminate an oxidation problem caused by methionine. The bottleneck of the
SPPS approach has been again the requirement of posttranslational
modification on the nascent product. Lacticin 3147, a two-component
lantibiotic, has also been produced by the same technology. This synthetic
lantibiotic appeared to be compatible with its native counterpart both in
activity and structure, because it has been demonstrated that the peptide
components were interchangeable. This method also had its weakness in its
low-yield capacity. And this defect has opened the door to the production of
lantibiotic mimics (Escano and Smith, 2015).

One of the inherent problems of natural lantibiotics is their
vulnerability to oxidation within the rings. Except one single natural case,
oxidation generally inactivates lantibiotics. Target moieties, such as sulphur,
has been replaced by ring-closing alkenes or alkanes, thus ring variants have
been produced (Figure 3C). This product, however, could not bind to the
target lipid on the cell membrane. Similar results have argued for the same
problem and indicated that ring motifs were indispensable for the lantibiotics’
structural activity (Escano and Smith, 2015).

IN VITRO MUTASYNTHESIS

A recent approach has been the mutasynthesis of lantibiotics in vitro.
This scheme has been reported to have used the chemical synthesis of the
nascent polypeptide together with modification (PTM) enzymes. Yet the low-
yield problem appeared again in this method (Escano and Smith, 2015).
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LEADING THERAPEUTIC CAPABILITIES OF
LANTIBIOTICS

1. Antiviral Capability

T-cell Ig mucin domain (TIM) protein TIM1, like lantibiotics,
specifically binds to membrane phosphatidylethanolamine. TIM1 permits the
infection of T-cells by enveloped viruses. This has prompted the studies on
the antiviral activity of lantibiotics over blocking TIM1. A few lantibiotics
have been tried. Of these, duramycin has exhibited significant activity on the
inhibition of virus entry. As expected this inhibition required the presence of
phosphatidylethanolamine, and duramycin had no antiviral activity after
infection. Another lantibiotic, labyrinthopeptin Al has been demonstrated to
have significant antiviral capacity against strains of HIV (human
immunodeficiency virus) and HSV (herpes simplex virus) using the same
mechanism. The viral range of this lantibiotic appeared to be rather expansive.
Labyrinthopeptin Al has employed target cellular proteins other than TIML,
such as TSG101 (tumour susceptibility gene 101). The latter protein seems to
be involved in the budding of HIV from the host cell, and labyrinthopeptin Al
exerts its antiviral activity by impeding the interaction of TSG101lwith p6
protein of HIV (van Staden et al., 2021).

2. Anticancer Activity

In each type of biological activity of lantibiotics, nearly a similar set of
them has been encountered. This could arise from the richness of lantibiotics
in varieties, as in the case of nisin. Two types of nisins, A and Z, have been
reported to possess significant anti-cancer effects on head and neck squamous
cell carcinoma (HNSCC) on which they also induce apoptosis. The target
molecule is this time another membrane lipid, phosphatidylcholine, which has
been found in increasing numbers in the cancerous cells. For nisin to exert its
apoptotic activity, first it has to initiate the calcium entry into the cell. The ion
influx in turn activates calpain-1, evading caspase 3 pathway. Then it disrupts
the cell membrane via the discharge of LDH (lactate dehydrogenase) which is
one of the signs of cells going through apoptosis (Dreyer et al., 2019; van
Staden et al., 2021).

Another prominent lantibiotic, duramycin could more selectively start
apoptosis of cancer cells through its usual target, phosphatidylethanolamine.
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General cytotoxicity of this lantibiotic has been lessened by fusing it to an
IgG. This fusion also increased its capacity in targeting cancer cells. The end
result of this treatment was the increase in phagocytosis.

In a library, several lantibiotics has been identified that bind to a serine
protease, known as urokinase plasminogen activator (UPA). These findings
might have strong implications for the anti-cancer potential of such peptide
libraries (van Staden et al., 2021).

3. Immunomodulatory Activity

Cationic antimicrobial proteins (CtAMPs) are involved in the
modulation during infection and in wounds. As the name suggests these
agents are positively-charged small peptides and include hydrophobic amino
acids. These features remind of lantibiotics, which also exert some
immunomodulatory functions. Nisin, gallidermin, and Pep5 are among such
lantibiotics that could trigger the discharge of chemokines and neutrophils as
efficiently as LL-37, a member of ctAMP family. These chemokines are
involved in the protection against bacterial and fungal infections (van Staden
etal., 2021).

Lantibiotics could also be involved in the modulation of enzymes
which hydrolyse membrane lipids. One of these enzymes is the phospholipase
A2 which hydrolyse phospholipids and produce arachidonic acid. This
enzyme is important in the production of responses to inflammations. The
arachidonic product is the basis of strong mediators of the immune system
such as leukotrienes and prostaglandins. Some cinnamycin-like lantibiotics
can disable phospholipase A2 over its substrate phosphatidylethanolamine and
behave as indirect mediators of ancovenin, another cinnamycin-like lantibiotic
which inhibits angiotensin-converting enzyme (ACE) (Kido et al., 1983).
ACE is involved in fibrosis, diabetic inflammation, and hypertension. A
lantibiotic streptocollin, with a similar structure to cinnamycin-like
lantibiotics could partially inhibit protein tyrosine phosphatase 1B (PTP1B)
which is involved in insulin and immune cell signalling. These findings,
together, argue that through lantibiotics some of the routes of immune system,
especially those which involve ctAMPs, can be modulated (Través et ali.,
2014; van Staden et al., 2021).
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CONCLUSION

Natural lantibiotics are synthesized upon stress and they exert their
antimicrobial activities on closely related genera. Their target structures on
the host bacteria are the integral constituents of cell wall, undecaprenyl-
diphosphoryl-N-acetylmuramic  acid-[pentapeptide]-N-acetyl-glucosamine,
and membrane lipids, lipid I, phosphatidylethanolamine, and
phosphatidylserine.

A commercialised type | lantibiotic, nisin, arouses a detergent effect on
the target cell membrane and lyse the cell instantly. This rapid destruction is
catered through ionic interactions with the membrane lipids. The detergent
effect could be enhanced dramatically with the use of purified lantibiotics.

Robust and motif bearing structures of lantibiotics make them suitable
for the development of efficient and diverse probes. They can be affinity-
directed to target molecules with avidin-biotin technology, conjugated to
immunoglobulins, or readily radiolabelled.

Bioinformatics tools have been created to fish out lantibiotic genes
from uncultured microorganisms. Lanthipeptide MRNAs have been translated
in vitro systems and these efforts resulted in a lantibiotic inventory
comprising more than a thousand variants of a single lanthipeptide.
Heterologous production systems have also been utilised for the translation
and screening of lantibiotic gene libraries. Two workhorses of these
heterologous expression studies have been Escherichia coli and Lactococcus
lactis for heterologous protein expression.

Chemical production of natural lantibiotics has offered much better
means as this approach eliminated the coexpression of modifying proteins and
open the way to deliberately incorporate some “foreign” constituents with
known cytotoxicity.

Lantibiotics appears to mimic a surface protein of T-cell, TIM, which
permits the infection with HIV. This protein also specifically binds to the
phosphatidylethanolamine. These features have enabled the researches to
inhibit virus entry to T-cells using duramycin. A similar inhibitory activity has
also been demonstrated for labyrinthopeptin A1, which blocked the
interaction of TSG101with p6 protein of HIV.
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Nisin, gallidermin, Pep5 could mimic cationic antimicrobial proteins
(ctAMPs), which elicit the discharge of chemokines and neutrophils upon
infection or in wounds.

Two types of nisin, A and Z, through their interactions with
phosphatidylcholine could trigger apoptosis in the case of head and neck
squamous cell carcinoma (HNSCC).

To sum up, lantibiotics in natural, modified- or in chemically
synthesized forms, seem to have a great therapeutic potential in diverse areas
of medicine. They mostly act through their specific interactions with a few
membrane lipids. It also becomes clear that they can mimic key eukaryotic
proteins involved in microbial and viral infections.
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INTRODUCTION
Hypersaline regions such as saline lakes, salt lakes, salt marshes, salt

pans, coastal lagoons, evaporation ponds inhabit halotolerant and halophilic
organisms (Ventosa et al., 1998a; Margesin and Schinner, 2001; Litchfeld and
Gillevet, 2002). The term halophile is used for salt loving organisms (Ventosa
et al., 1998a). The halophilic organisms require salt for growth and they are
classified according to their salt requirements (Ventosa, 2006). First definition
of microorganisms according to their salt tolerance by Kushner and Kamekura
(1988) includes non-halophilic (require less than 1% sodium chloride),
halotolerant (do not require salt, but can tolerate high salt concentrations),
slightly halophilic (grow optimally at 1% to 3% sodium chloride), moderate
halophilic (grow best at 3% to 15% sodium chloride), extreme halophilic
(grow best at 15% to 30% sodium chloride). The definition of microorganisms
according to their salt tolerance in recent years was presented in Table 1
(Caviccihioli and Thomas, 2004).

Table 1. Definition of Microorganisms According to Their Salt Tolerance
(Caviccihioli and Thomas, 2004)

Salt concentration (M)

Category Range Optimum
Nonhalophilic 0-1.0 <0.2
Slightly halophilic 0.2-2.0 0.2-0.5
Moderate halophilic 0.4-3.5 0.5-2.0
Borderline extreme halophilic 1.4-4.0 2.0-3.0
Extreme halophilic 2.0-5.2 >3.0
Halotolerant 0-1.0 <0.2
Haloversatile 0-3.0 0.2-0.5

1. HALOPHILES IN HYPERSALINE ENVIRONMENTS

They are well adapted to saline environments (Caviccihioli and
Thomas, 2004). The halophiles are found in all kingdoms: Bacteria (the phyla
Spirochaetes, Bacteroidetes, Proteobacteria, Cyanobacteria, Actinobacteria,
Firmicutes), Archaea (the phylum Euryarchaeota) and Eukarya (the genus
Dunaliella) (Oren, 2008). It was previously reported that hypersaline
environments harbor prokaryotic and eukaryotic organisms such as
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halotolerant bacteria (Arahal and Ventosa, 2002; Logan and De Vos, 2015;
Yilmaz and Birbir, 2019), moderately halophilic bacteria (Ventosa et al.,
1998b; Arahal and Ventosa, 2002), extremely halophilic archaea (Rodriguez-
Valera et al., 1985; Benlloch et al., 2002; Elevi et al., 2004; Birbir et al.,
2007), haloversatile bacteria (Ellis-Evans 1985; James et al., 1990; Vreeland
and Huval 1991; Ashour et al., 2011; Caglayan, 2019a; Caglayan2019b),
fungi (Gunde-Cimerman et al., 2009) and algae (Gunde-Cimerman et al.,
2009). Other eukaryotic organisms are also sometimes present (Rodriguez-
Valera et al., 1985). Halophilic microorganisms isolated from hypersaline
environments in some of the investigations are shown in Table 2.

Table 2. Some of the Halophilic Microorganisms Isolated from Hypersaline

Environments

Microorganisms

Isolation source

Reference

halophilic bacteria

marine salt

Lloyd, 1929

halotolerant, slightly,
moderately halophilic
bacteria and extremely
halophilic archaea

brine cured hides

Kallenberger, 1985;
Bailey and Birbir, 1993;
Bailey and Birbir, 1996;
Vreeland et al., 1998

haloversatile bacteria

seawater (Antarctica)

Ellis-Evans, 1985

moderately halophilic
bacteria

Great Salt Lake

Oren, 1986

haloversatile bacteria

Antarctic saline lakes

James et al., 1990

extremely halophilic
archaeon

Dead Sea

Oren etal., 1995

extremely halophilic
bacteria

water samples (Santa
Pola)

Antén et al., 2000

moderately halophilic
bacteria

Saltern (Spain)

Sanchez-Porro et al., 2003

moderately halophilic
bacteria and extremely
halophilic archaea,
haloversatile bacteria

soil, brine, salt samples
(Camalti Saltern)

Yasa et al., 2008; Guven
etal., 2010; Mutlu and
Guven, 2015; Caglayan,
2019a; 2019b

halophilic bacteria

hypersaline lake (Iran)

Rohban et al., 2009

bacterial and archaeal
populations

curing salt samples,
salted hides, soaked
hides, soaking liquors

Berber and Birbir, 2010;
Berber et al., 2010

haloversatile bacteria Safaga coast (Egypt) Ashour et al., 2011;
Mangrove area (Red Shatla et al., 2021
Sea, Egypt)

moderately halophilic
bacteria

Indian saline desert

Khuntetal., 2011

halotolerant bacteria,

salted hides

Birbir, 1997; Aslan and
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slightly halophilic bacteria,
Gram positive and Gram
negative bacteria,
moderately halophilic
bacteria, extremely
halophilic archaea

salted skins

Birbir, 2011; Aslan and
Birbir, 2012; Ulusoy and
Birbir, 2015; Sanchez-
Porro et al., 2011; De La
Haba et al., 2011; Akpolat
et al., 2015; Caglayan et
al., 2015; Bilgi et al.,
2015

halophilic bacteria and
archaea extremely
halophilic archaea

salt samples (Kaldirim
and Kayacik Salterns;
Tuzkoy Salt Mine;
Sereflikochisar Salt
Lake; Tuz Lake,
Turkey)

Birbir et al., 2002; Birbir
et al., 2004; Birbir and
Eryilmaz, 2007; Birbir et
al., 2015

halotolerant bacteria

salt samples used in
leather industry

Yilmaz and Birbir, 2019

moderately halophilic
bacterium

sediment of solar pond
(Korea)

Lee etal., 2016

halophilic bacteria and
archaea

hypersaline lake
(Tunisia)

Karray et al., 2018

halophilic bacteria

Lake Qarun (Egypt)

Ibrahim et al., 2020

halophilic archaea

sediment sample (solar
saltern, China)

Ding et al., 2020

moderately halophilic
bacterium

hypersaline lake
(China)

Lu et al., 2020

2. ADAPTATION TO HYPERSALINE ENVIRONMENTS

Microorganisms inhabit in hypersaline environments have different
biochemical adaptations to cope with osmotic and water stress, variations in
ion concentrations, changes in pH, temperature and salinity (Javor, 1989).
Halophilic microorganisms produce biopolymers, compatible solutes,
pigments, exopolysaccharides to protect themselves from harsh conditions of
hypersaline environments (Ventosa et al., 2005; More et al., 2014; Ibrahim et
al., 2020). p-caroten and glycerol produced from halophilic Dunaliella, which
is a green alga thrive in hypersaline environments, are used in
biotechnological applications as antioxidant and food coloring agent (Javor,
1989; Oren, 2010). Bacteriorhodopsin pigments produced by halophiles are
used in artificial retina, optical computing, spatial light modulator (Margesin
and Schinner, 2001). To combat with high salinity, halophilic organisms
occumulate or synthesize compatible solutes (ectoine, proline, trehalose,
betaine, glycine) inside their cells (Ventosa et al., 1998a). These compounds
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are used as osmoprotective agents in biotechnological processes due to their
protection of membranes, enzymes, proteins against osmotic pressure,
inactivation, and denaturation (Ventosa et al., 1998a). They have potential use
in different industries such as agriculture, food, pharmaceutical, medicine
(Pastor et al., 2010). Compatible solutes are used as stress-protective and
stabilizer agents and biopolymers are applied to enhance oil recovery
(Margesin and Schinner, 2001). Polyhydroxyalkanoates (PHASs) are
biodegradable polymers produced by microorganisms (Bonete and Martinez-
Espinosa, 2011). It was reported that PHAs of halophilic archaea are
environmentally friendly source for bioplastics (Legat et al., 2010; Bonete and
Martinez-Espinosa, 2011). Moreover, halophilic organisms are capable of
degrading various organic compounds such as benzoate, phenol, benzoic acid,
ferulic acid, salicylic acid (Rosenberg, 1983; Oren, 1988; Garcia et al., 2004;
Ventosa et al., 2005). These organic compounds in saline environments may
be degraded by halophilic microorganisms that are able to use these
pollutants. Among biopolymers, biosurfactants are utilized in the oil
bioremediation of water and soil (Margesin and Schinner, 2001).

3. PRODUCTS OF HALOPHILIC BACTERIA

Due to the low nutrient requirements of halophilic bacteria and their
ability to live in saline conditions, recent researchs are focused on these
microorganisms.The enzymes, compatible solutes, biofertilizers,
pharmaceutically active compounds (PhACs), biopolymers produced by
halophilic bacteria are used in diverse biotechnological and industrial
applications (Galinski and Tindall, 1992; Mohammadipanah et al., 2015).
Halophiles are source of various enzymes such as amylase, phospholipase,
lipase, chitinase, DNase, nuclease, pullulanase, pectinase, protease, cellulase,
inulinase, xylanase. These enyzmes are referred to as halozymes which are
salt tolerant or salt dependent catalytic activity (Rohban et al., 2009; Patel and
Saraf, 2015; Gupta et al., 2016). Microbial enzymes from bacteria and
archaea, which are catalytically active at harsh conditions, play an important
role in biological populations, industrial and biotechnological processes
(Table 3).
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Table 3. The Industrial Applications of Microbial Enzymes

Microbial Industries The use of enzymes References
enzyme
Amylase Brewing Saccharification and Ratnakar, 2013;
Food hydrolysis of starch Ammar et al.,
Distilling Saccharification of 2002;
Detergent marine algae Kikani et al.,
Textile Removal of starch from | 2010;
fabrics
Syrup production
Reduction of turbidity of
beverage
B-galactosidase | Food Lactose removal from Heyman, 2006;
Dairy products milk Neri et al., 2008;

Production of
galactosylated products
Digestibility of dairy
products

Improving sweetness
and flavor

Grosova et al.,
2008;
Husain, 2010

Caseinase Food Casein digestion in milk | Johnson and
Case, 2010
Cellulase Agriculture Biofuel production from | Aygan and
Textile cellulosic material Arikan, 2008;
Detergent Softening and polishing | Wang et al., 2009
of clothes
Agricultural biomass
conversation into
valuable products
DNase Food Flavor agents (acid 5°- Delgado-Garcia et
guanilic, acid 5°- al., 2015;
inosinic) Brown et al.,
Breaking the 2015;
phosphodiester linkages | Nahar et al., 2018
of DNA
Reducing biofilms
Esterase Textile Synthesis of new De Miguel Bouzas
Food biopolymeric materials | etal., 2006
Lipase Food Amynolysis Babu et al., 2008;
Detergent Trans-esterification Jaeger and
Paper Esterification Holliger, 2010

Enantioselective
biocatalyst for
production of fine
chemicals
Detergent additives
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Table 3. The Industrial Applications of Microbial Enzymes (Continued)

of nucleic acids
Programmed cell death

Urease Soft drink Removal of urea from Liuetal., 2012
wine
Protease Animal feed Laundry treatments Chand and
Biomedical Detergent formulations | Mishra, 2003;
Baking Peptide sythesis Mitra and
Brewing Production of fish sauce | Chakrabartty,
Cheese Dehairing of animal 2005;
Laundry skins and hides Samad et al.,
Food Solubilize proteins in 2017,
Detergent wastes Kumar and
Tanning Tenderization of meat Takagi, 1999;
Leather Singh et al., 2014
Pharmaceutical
Chemistry
Pullulanase Food Glucose production Hii et al., 2012;
Biocatalysis agents Delgado-Garcia et
Starch saccharification al., 2015
Debranching starch
Phospholipase | Food Flavour improvement Law, 2009;
Dairy of cheese Raveendran et al.,
Producing lipolyzed 2018
milk fat
Xylanase Baking Bleaching Ratnakar, 2013;
Food Flour, feed, coffee Khandeparker and
Pulp production Numan, 2008;
Paper Lignin removal from Bedford and
pulp Classen, 1992;
Increasing loaf volume | Maat et al., 1992;
Production of biofuel Wong and
Starch production Saddler, 1992;
Improving wheat flour | Beg etal., 2001
quality
Food additives to
poultry
Extraction of plant oils
and starch
Lysozyme Food Increasing shelf life of | Thallinger et al.,
Meat food 2013;
Medical Nahar et al., 2018
Nuclease Molecular Cleaving Kamekura and
biology phosphodiester bonds Onishi, 1976;

Onishi et al., 1983
Parrish and Xue,
2006
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Table 3. The Industrial Applications of Microbial Enzymes (Continued)

Microbial Industries The use of enzymes References
enzyme
Chitinase Agriculture Biocontrol agent Hatori et al., 2006
against mold diseases Essghaier et al.,
2009
Pectinase Food Clarification of fruit Chaudhri and
Textile juice Suneetha, 2012;
Paper Increasing fabric Ahlawat et al.,
Pulp whiteness 2009;
Bleaching of pulp Kaur et al., 2010
Inulinase Food Hydrolysing inulin- Mohan et al.,
containing materials 2018
into glucose, fructose
Catalase Food Preservation of food Kaushal et al.,
Dairy Hydrogen peroxide 2018;
Bioremediation | removal from milk in Dana and Bauder,
cheese production 2011
Peroxidase Food Improving food quality | Regaldo etal.,
2004;
Raveendran et al.,
2018

4. HALOVERSATILE BACTERIA

Haloversatile bacteria (James et al., 1990) or euryhaline bacteria
(Vreeland, 1987) are capable of growing over a wide range of salt
concentrations (0- >3.0 M NaCl, optimally 0.2-0.5 M NacCl), but also able to
grow in the absence of salt (Kristjansson et al., 2000). These bacteria found in
saline environments have been examined in a few studies. The
characterization of haloversatile bacteria in these environments and
examination of their enzymatic activities may provide important information
about their industrial potentials. These microorganisms can cope with osmotic
stress due to their ability to produce and accumulate organic compatible
solutes. Due to their osmotic adaptation abilities, haloversatile bacteria may
live in different salt concentrations found in seawater and saline environments
(Kushner, 1978; Grant et al., 1998).

Research on haloversatile bacteria dates back to 1985. These bacteria
were isolated from saline environments in a few experiments (Ellis-Evans,
1985; James et al., 1990; Vreeland and Huval, 1991; Ashour et al., 2011). It
was reported that psychrophilic and haloversatile species such as
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Flectobacillus glomeratus, Halobacterium lacusprofundi, Carnobacterium
alterfunditum, Methanococcoides burtonii, Carnobacterium funditum,
Flavobacterium gondwanense, Halomonas subglaciescola, Halomonas
meridiana, Flavobacterium salegens, Vesiculatum antarcticum were isolated
from seawater samples in Antarctica (Ellis-Evans, 1985). A haloversatile
bacterium phylogenetically similar to Halomonas meridiana was isolated
from Antarctic saline lakes (James et al., 1990). In addition, different
haloversatile isolates obtained from saline water samples were able to grow at
0-17% NaCl (Vreeland and Huval, 1991). In another study, haloversatile,
moderately halophilic and halotolerant bacteria were isolated from the Safaga
coast in Egypt (Ashour et al., 2011). Those bacterial isolates belong to the
genus Bacillus, Streptococcus and Micrococcus (Ashour et al., 2011). The
researchers reported that the haloversatile bacterium isolated from a mangrove
ecosystem was able to grow at 0-15% NaCl, pH 5.0-8.5, and temperature
range 30-50°C (Ashour et al., 2011). In another study conducted with twenty
salt samples collected from Camalti Saltern, Sixty-nine bacterial strains
showing haloversatile properties were isolated and characterized (Caglayan,
2019a). In that study, forty haloversatile bacterial species [Bacillus subtilis
subsp. stercoris (8 isolates), Kocuria sediminis (5 isolates), Paracoccus
marcusii (4 isolates), Kocuria polaris (3 isolates), Micrococcus aloeverae (3
isolates), Bacillus haynesii (3 isolates), Microbacterium maritypicum (2
isolates), Brevibacterium frigoritolerans (2 isolates), Paracoccus hibiscisoli
(2 isolates), Bacillus velezensis (2 isolates), Bacillus pumilus (2 isolates),
Bacillus safensis (2 isolates), Staphylococcus petrasii subsp. jettensis (2
isolates), Staphylococcus hominis subsp. novobiosepticus (2 isolates),
Staphylococcus lentus (2 isolates), Bacillus thioparans (1 isolate),
Staphylococcus epidermidis (1 isolate), Acinetobacter radioresistens (1
isolate), Exiguobacterium sibiricum (1 isolate), Gordonia alkanivorans (1
isolate), Microbacterium aurantiacum (1 isolate), Staphylococcus pasteuri (1
isolate), Bacillus paraflexus (1 isolate), Microbacterium saccharophilum (1
isolate), Kocuria rosea (1 isolate), Staphylococcus saprophyticus subsp.
saprophyticus (1 isolate), Micrococcus yunnanensis (1 isolate), Pseudomonas
songnenensis (1 isolate), Bacillus nealsonii (1 isolate), Staphylococcus
equorum subsp. equorum (1 isolate), Agrococcus lahaulensis (1 isolate),
Sanguibacter inulinus (1 isolate), Virgibacillus salarius (1 isolate),
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Staphylococcus cohnii subsp. urealyticus (1 isolate), Bacillus altitudinis (1
isolate), Exiguobacterium artemiae (1 isolate), Bacillus siamensis (1 isolate),
Exiguobacterium indicum (1 isolate), Bacillus oryzaecorticis (1 isolate),
Staphylococcus warneri (1 isolate)] were identified (Caglayan, 2019a). All
species could grow at 0-3 M NaCl (optimally 0.2-0.3 M NaCl), pH 6-11 and
20-40°C. While all isolates produced catalase enzyme, none of them produced
esterase and xylanase enzymes. Amylase (Brevibacterium frigoritolerans,
Virgibacillus salarius, Pseudomonas songnenensis, Bacillus siamensis);
cellulase (Staphylococcus hominis subsp. novobiosepticus, Staphylococcus
pasteuri, Bacillus velezensis, Brevibacterium frigoritolerans, Kocuria rosea,
Micrococcus yunnanensis, Bacillus subtilis subsp. stercoris, Pseudomonas
songnenensis, Staphylococcus petrasii subsp. jettensis, Bacillus altitudinis,
Bacillus oryzaecorticis, Staphylococcus  warneri); pullulanase
(Staphylococcus epidermidis, Gordonia alkanivorans, Brevibacterium
frigoritolerans, Sanguibacter inulinus, Bacillus paraflexus, Exiguobacterium
indicum); lecithinase (Staphylococcus hominis subsp. novobiosepticus,
Staphylococcus epidermidis, Exiguobacterium sibiricum, Bacillus haynesii,
Microbacterium maritypicum, Gordonia alkanivorans, Microbacterium
aurantiacum, Kocuria polaris, Paracoccus marcusii, Micrococcus aloeverae,
Bacillus velezensis, Bacillus thioparans, Microbacterium saccharophilum,
Kocuria rosea, Micrococcus yunnanensis, Bacillus nealsonii, Staphylococcus
equorum subsp. equorum, Agrococcus lahaulensis, Bacillus paraflexus,
Bacillus altitudinis, Exiguobacterium artemiae, Exiguobacterium indicum,
Staphylococcus  warneri); lipase  (Staphylococcus hominis  subsp.
novobiosepticus, Staphylococcus epidermidis, Staphylococcus pasteuri,
Staphylococcus saprophyticus subsp. saprophyticus, Bacillus pumilus,
Acinetobacter radioresistens, Kocuria sediminis, Staphylococcus cohnii
subsp. urealyticus, Bacillus altitudinis, Staphylococcus warneri); urease
(Staphylococcus  saprophyticus  subsp.  saprophyticus, Staphylococcus
equorum subsp. equorum, Staphylococcus cohnii subsp. urealyticus);
protease (Exiguobacterium sibiricum, Bacillus haynesii, Microbacterium
maritypicum,  Staphylococcus  pasteuri, Micrococcus  aloeverae,
Staphylococcus saprophyticus subsp. saprophyticus, Bacillus velezensis,
Bacillus  pumilus, Brevibacterium frigoritolerans,  Microbacterium
saccharophilum, Micrococcus yunnanensis, Bacillus safensis, Bacillus
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nealsonii, Staphylococcus equorum subsp. equorum, Agrococcus lahaulensis,
Sanguibacter inulinus, Virgibacillus salarius, Bacillus paraflexus,
Pseudomonas songnenensis, Staphylococcus petrasii subsp. jettensis, Bacillus
altitudinis, Exiguobacterium artemiae, Bacillus siamensis, Exiguobacterium
indicum, Bacillus oryzaecorticis, Staphylococcus warneri); caseinase
(Bacillus pumilus, Bacillus siamensis); deoxyribonuclease (Microbacterium
maritypicum, Gordonia alkanivorans, Microbacterium aurantiacum, Bacillus
thioparans, Staphylococcus lentus, Sanguibacter inulinus, Exiguobacterium
artemiae, Bacillus siamensis, Exiguobacterium indicum, Bacillus
oryzaecorticis); oxidase (Staphylococcus hominis subsp. novobiosepticus,
Staphylococcus epidermidis, Exiguobacterium sibiricum, Bacillus haynesii,
Staphylococcus  pasteuri, Kocuria polaris, Paracoccus marcusii,
Staphylococcus saprophyticus subsp. saprophyticus, Bacillus velezensis,
Bacillus pumilus, Kocuria sediminis, Brevibacterium frigoritolerans, Bacillus
thioparans, Paracoccus hibiscisoli, Kocuria rosea, Staphylococcus lentus,
Bacillus safensis, Bacillus nealsonii, Staphylococcus equorum subsp.
equorum, Virgibacillus salarius, Staphylococcus cohnii subsp. urealyticus,
Bacillus paraflexus, Bacillus subtilis subsp. stercoris, Staphylococcus petrasii
subsp.  jettensis, Bacillus altitudinis, Exiguobacterium artemiae,
Exiguobacterium indicum, Bacillus oryzaecorticis, Staphylococcus warneri)
were produced by haloversatile isolates (Caglayan, 2019a).

In the study of Caglayan (2019b), it was reported that six bacterial
species showing haloversatile properties (Arthrobacter ginsengisoli (2
isolates), Arthrobacter psychrochitiniphilus (1 isolate), Pseudarthrobacter
polychromogenes (1 isolate), Glutamicibacter arilaitensis (1 isolate) and
Arthrobacter agilis (1 isolate) were isolated from a raw salt collected from
Camalt1 Saltern. Those isolates could grow at 0-3 M sodium chloride
(optimally 0.2 M sodium chloride), 20-45°C (optimally 32°C), pH 6-8
(optimally pH 7). All species produced catalase enzyme (Caglayan, 2019b).

In conclusion, products of halophilic bacteria find potential applications
in different industries such as leather, textile, dairy, food, medical, detergent,
pharmaceutical, beverage, pulp, paper, molecular biology, agriculture, wood,
and chemical. These products are environmentally friendly, stable, produced
effectively in high yield with low cost, modified and optimized easily through
gene manipulation. Haloversatile bacteria may also have considerable
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potential for industrial and biotechnological applications due to their
important metabolic products and their tolerance towards extreme pH,
temperature, salt concentrations. These microorganisms are unique in their
ability to live without salt and with salt and play a key role in the global
biological and biogeochemical cycles of carbon and nitrogen.
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4 978-605-7510-41-9 | Keiprei3 - bamkypt Tun JKana Agabust Usuinnoonopy Akinbekova Ayman, Valiyeva
G.D.,Djumayeva J.T.
5 978-605-7695-39-0 | Ortaq Tiirk Leksikasinda Qipcaq Mansoali Sozlor Vo Azarbaycan Dilinde | Goniil Samedova
Areallar
6 978-605-7923-10-3 EWLESXEhERZANAR Li Hanlin
7 978-605-7510-30-3 | bamrkopt ©300moTe hom Onomactukaher Byiisaca Xe3mMoTTop Gulgma Samsutdinova, Mirfataiyh Zakiev,
Golfira Abdullina
8 978-605-7510-48-8 | Tingin Jamyst XKone Pei Abdirasilova Asel,J.N. Suleimenova,J.A.
Abitjanova,vd
9 978-605-7510-45-7 | Ka3ax Tini bolisrama 3eprreynep Jetpisbay Aliya Kojamuratkizi,Moldagali
Bakitgul,vd
10 | 978-605-7510-46-4 | UccnenoBannms [Iponssenernit M.I'apypu Y H.®. Karanosa Seferova Fera,Valentina
Tugujekova,Seferova Esma,vd
11 | 978-605-7510-37-2 | UccnenoBanus O Tropkckux Dmocax Aynur Hujahmetov,Svetlana Orus vd
12 | 978-605-7510-34-1 | Xakacckue, bamxupckue U Anratickne JInteparypusie U SI3p1koBEBIC Tolisbayeva Janna,iskandarova Svetlana
HccnenoBanus vd.
13 | 978-605-80227-6-8 | Omriim Bir Yesil Yaprak, Renkleri Benimkidir Ayethan Iskenderov
14 | 978-605-7695-69-7 | Omiir Yolum Giinel Vakifkizi
15 | 978-625-7954-37-2 | Son Qorar Etibar Hosonzado
16 | 978-625-7954-83-9 | Azarbaycan Respublikasinin Agdam Rayonu Dialektlerinin Toplanilmas1 | Elvan Caferov
Ve Linquistik Tahilili
17 | 978-625-7954-58-7 | O‘Zbek Adabiyotida Davr Jarohatlar1 Tasviri Tavaldieva Gulbaxar Nishanovna
18 | 978-625-7954-56-3 | Alisher Navory Asarlar1 Tilidagt Taom Nomlar1 Tog‘ayev To‘lqin Mamanazarovich
19 | 978-625-7954-55-6 | Tin Hamsrrygarsr Ce3nik XKymbichHbH Poi Conyakac ['ynbany Temips3KbI3b!
20 | 978-625-7029-12-4 | Cofor Cabbarlinin Nogmoli Diinyas1 Ismayil Necefzade
21 | 978-625-7029-97-1 | Karsilastirmali Yaygin Kullanimlar Ingilizce — Tiirkge — Arapca Halil Uysal
22 | 978-625-7914-26-0 | Serazad Bakislar Komisyon
23 | 978-605-7875-35-8 | Anadil Edinci Temelli Tkinci Dil Ogrenimi: Minimalist Model Emrullah Seker
24 1 978-625-7914-73-4 | Kirmiz1 Kalem Dr. Ali Algiil
25 | 978-625-7914-14-7 | Tasavvuf Sembollerinin Usiili Divani Ile Fuzili’nin Tiirkge Divamindaki | Filiz Kalyon

Kullanigt
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3- GUZEL SANATLAR ALANINDA YAYINLANAN BAZI KITAPLARIMIZ

978-605-7510-07-5

Azorbaycan Musiqisindo Bahar Mévzusu Vo Novruz Motivlorinin Izlori

ilqar imamverdiyev

2 | 978-605-7923-80-6 Academic Studies In Fine Arts And Design Editdr Prof. Dr. Mustafa Hilmi Bulut,
Dr. Ozlem Kaya,
3 | 978-625-7954-60-0 CemanTuka HazBanus Tarapckux Haponueix Tannes Acwust AnekceeBHa Aiifaposa
4 |978-625-7954-59-4 OtHOKOH(peccnoHansHoe Muposos3penne Hansapix 11 Huna VpekoBHa Axmerosa
CamozesITeNbHbIX XYZ0KHUKOB
5 1978-625-7954-62-4 Bunst Opaamento B Odopmnenun Tarapckux Pykonmcubrx Kaur Xvi | @upnayc 'ymaposna Baranosa
— Hagana Xx Bekos
6 |978-625-7954-61-7 Bmusnue I'ymannctudeckux Maeit xaquansma Ha Cranosnenne Tarapckoro Anbdus HukonaesHa Bannaxmerosa
Harmonansaoro MyssikaneHoro O6pasosanus (Mcropuueckuit Acnexr)
7 |978-625-7954-71-6 Tarap My3bikacel Conrarenno I'. Tykait Mupacsl Dnbsmupa Menup Keisel Fanumosa
8 |978-625-7954-66-2 Tpanunuonnsie Buapst XKenckoro Pykogenust Tarap UpkyTtckoit Haranps Banumuposua I'epacumosa
Ob6mnactu
9 1978-625-7954-70-9 HUcroku Kommekca Texuonorus-Opuament B Tarapckoit FOBenuproii | Jlapuca Hukonaesna Jlonuna
Tpaguiyu Yekanku
10 | 978-625-7954-65-5 Hanmonansueie Motusel B TBopuectBe XynoxuukoB Tarapcrana I'. 6parnmosa
Onoxu [Moctmonepumsma (1960-80-E I'ospsr)
11 | 978-625-7954-68-6 Hanmonansasie Motuss! TBopuectBa Kazanckoit doTorpymst Hapbs Bnanumuposna Paxmanosa
«Tacma»
12 | 978-625-7954-64-8 Bospoxnenue Boitnounoro Kosponenus B Pecybnmke Tarapcran Pay3a Pu¢xaropna Cynranosa
(TBopuectBo . 1. P. PaxmarymuHbIx)
13 | 978-625-7954-63-1 Ckynsrrypa B lepese baku Ypmanue U OteuectBennas Jlepessinnas | Auna Jluacosna Xucamosa
[Inactuxa Bropoii [lonosuns! Xx Beka
14 | 978-625-7954-67-9 Xaiineriim» - Hapoguas [lecns Ha Ctuxu 'a6mymmst Tykas I'yzens daiispaxmanosHa Onycosa
15 | 978-625-7279-17-8 Azerbaycan Raks Havalar Atlasi 1. Cilt Prof. Dr. ilgar Cemiloglu imamverdiyev
Ali Imamverdi
16 | 978-625-7897-32-7 Abdurrahim Bey Hakverdiyev ve Cagdas Azerbaycan Tiyatrosu Huseyn Ahmadov
18 | 978-625-7562-76-8 fran Tiirklerinde Asik Diigiin Térenleri Prof.Dr. Tlgar Cemiloglu, Firuze imamverdi
19 | 978-625-8007-48-0 Azerbaycan Folkloru Ramil Aliyev
20 | 978-625-7562-87-4 Al e gl 76 Jie Muhammed Ali Muhammedi
4- FEN BILIMLERI VE MATEMATIK ALANINDA YAYINLANAN BAZI KITAPLARIMIZ
1 | 978-625-7954-69-3 | Undopmaruka Cadarsmaa XKeti Monyneai Tuimai [Malinamamy Meirhanova Zhanar Toleugazinovna
2 1978-625-7954-72-3 | Croiikocts Matepuana Uuankaroproro Dnexrpona 3 Huxens B A.C.Mycuna I''Y. Baiitamesa E.IL
Pazmansix Cpenax Il'opbynmaeBa Maructpant I'.E. AmanTait
3 | 978-605-7695-24-6 | Fundamental Aspects Of Engineering Science Editér Fatih Unal, Ahmet Erhan Akan
4 1978-605-7510-35-8 | Xumnst Canacsl boiisrama 3eprreymnep Mirzahmetova N.O. ,
Amisbayeva A.K.,K,Vd
5 |978-605-7510-31-0 | Buonorus Canacsl Boitpiama 3eprreynep Anuarova L.E.,Azimbayeva G.E.,
Ahtayeva M.B.,Vd
6 | 978-605-7510-49-5 | Erin Hlapyamsusrs: XKone IOtonorus CanacsiHnarst 3epTreynep Berik N.T.,Osetova J.A.,Medeuova
G.J.,Mirzahmetova Vd
7 | 978-625-7897-09-9 | English For Mathematicians And Physicists R.O. Ozgambayeva, A.B. Kokazhaeva,
B. Zhakashbaev
8 1978-605-7811-72-1 | Ecology Of Interior: Embodied Carbon Of Housing Hayrettin Merig
9 1978-625-7897-03-7 | DKOTOKCHKOIOTHS F.K.Meneyosa
10 | 978-625-7897-02-0 | Kazakcran PecnyOmmkachiHbH Okomorusutslk [Ipobmemanapsr CanpikoBa JlamerkaH OUIXaHKBI3BI
11 | 978-625-7279-76-5 | Innovative Theories In Science And Environment Edited By: Assist. Prof. Dr. Tiilay Giirsoy
12 | 978-625-7279-67-3 | Multidisciplinary Studies On Recent Advances In Science And Edited By: Assist. Prof. Dr. Ege Anil Diler
Engineering — Experimental And Theoretical
13 | 978-625-7139-55-7 | Engineering On Energy Materials Edited By: Dr. Defne Akay
14 | 978-625-7139-43-4 | Scientific Studies In The Field Of Sciences Edited By: Dr. Neslihan Bal
15 | 978-625-7897-59-4 | Current Studies At Positive Sciences Edited By:Dr. Mehriban Emek, Dr. E. flhan Sahin
16 | 978-625-7687-43-0 | Ecology Dystopia And Fictionalization Biilent Cercis Tanritanir,Fatma Karaman
17 | 978-605-74646-3-7 | Current Approaches In Science Of Life Edited By: Dr. Betiil Aydin
18 | 978-605-74646-1-3 | Natural Sciences: Methods And Applications Edited By: Dr. Seda Cetindere
19 | 978-625-8061-23-9 | Biotechnology and Materials Science Edited By: Nimet Yildirim Tirgil
20 | 978-625-8061-25-3 | Scientific Researches Edited By: Prof. Dr. Sevi Oz
21 | 978-625-8061-21-5 | Recent Biological Studies Edited By: Damla Amutkan Mutlu
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5- MUHENDISLIiK ALANINDA YAYINLANAN BAZI KiTAPLARIMIZ

978-605-7695-24-6

FUNDAMENTAL ASPECTS OF ENGINEERING SCIENCE

Edited By: Assist. Prof. Fatih Unal
Lecturer Dr. Ahmet Erhan Akan

2 | 978-605-7811-72-1 ECOLOGY OF INTERIOR: EMBODIED CARBON OF HOUSING Lecturer Hayrettin Merig
3 | 978-625-7139-55-7 ENGINEERING ON ENERGY MATERIALS Edited By: Dr. Defne Akay
4 978-625-7279-45-1 STRATEGIC MANAGEMENT OF CRISIS AND DISASTER Dr. Naci Biiyiikkaracigan
5 | 978-625-7279-67-3 MULTIDISCIPLINARY STUDIES ON RECENT ADVANCES IN SCIENCE Edited By: Assist. Prof. Dr. Ege Anil Diler
AND ENGINEERING — EXPERIMENTAL AND THEORETICAL
6 | 978-625-7279-76-5 INNOVATIVE THEORIES IN SCIENCE AND ENVIRONMENT Edited By: Assist. Prof. Dr. Tiilay Giirsoy
978-625-7687-10-2 CURRENT RESEARCHES IN ARCHITECTURE AND ENGINEERING Edited By: Assist. Prof. Dr. Cigdem Bogeng
SCIENCES
8 978-625-7687-12-6 ACADEMIC APPROACHES TO ENGINEERING ISSUES Edited By: Dr. Ahmet Erhan Akan
Dr. Aytag Perihan Akan
9 978-625-7636-70-4 RECENT ADVANCES IN MATERIAL SCIENCE AND ENGINEERING Komisyon
SYSTEMS
10 | 978-625-7636-73-5 EXPERIMENTAL AND NUMERICAL ADVANCES IN SCIENCE, Komisyon
ENGINEERING AND TECHNOLOGY
11 | 978-625-7636-95-7 BIOLOGICAL ACTIVITIES, HEALTH BENEFITS, EXTRACTION Filiz Yangilar
METHODS, FOOD APPLICATIONS AND BENEFICIAL EFFECTS OF
ESSENTIAL OILS
12 | 978-625-7562-47-8 MACHINE LEARNING, ENERGY AND INDUSTRIAL APPLICATIONS IN Komisyon
TECHNOLOGY AND ENGINEERING SCIENCES
13 | 978-625-7562-95-9 RECENT ADVANCES IN ENGINEERING, SCIENCE AND CONSTRUCTION | Edited By: Assist. Prof. Dr. Ciineyt Yiicelbas
14 | 978-625-8061-11-6 ADVANCES IN MACHINERY AND DIGITIZATION Edited By:Merivan Sasmaz
15 | 978-625-8061-10-9 ENERGY PRODUCTION, TRANSPORTATION AND ENVIRONMENTAL Edited By: Serkan Giildal
EFFECTS
16 | 978-625-8061-89-5 MASTERING OBJECT-BASED IMAGE ANALYSIS Prof. Dr. A. Rasouli, vd.
17 | 978-625-8061-10-9 ENERGY PRODUCTION, TRANSPORTATION AND ENVIRONMENTAL Komisyon
EFFECTS
18 | 978-625-8423-28-0 ARTIFICIAL INTELLIGENCE APPLICATIONS Edited By: Gokalp Cinarer
19 | 978-625-7279-74-1 MAKINE OGRENMESINDE, TEORIDEN ORNEK MATLAB Dr. Ogr. Uyesi Sedat Metlek
UYGULAMALARINA KADAR DESTEK VEKTOR MAKINELERI Dr. Opr. Uyesi Kiyas Kayaalp
20 | 978-625-7897-29-7 DIJITAL MUHENDISLIK Editdr: Dr. Giircan Yavuz
21 | 978-625-7897-71-6 KATMANLI KOMPOZIT PLAKLARIN NONLINEER SERBEST TITRESIM Dog. Dr. Thsan Kiigiikrendeci
ANALIZI
22 | 978-625-7897-95-2 ISLETME iZIN SURECININ MADENCILIK SEKTORUNE ETKILERI Ars. Gor. Dr. Tagkin D. Yildiz
23 | 978-625-7897-99-0 YERBILIMLERI PROBLEMLERINE MODEL YAKLASIMLARI Editor: Dr. Fatih Siinbiil
24 | 978-625-7279-57-4 MUHENDISLIK BILIMLERINDE GUNCEL ARASTIRMALAR Editdr: Dr. Ramazan Sener
6- Ziraat, Orman ve Su Uriinleri Alaminda Yaymlanan Bazi Kitaplarimiz
1 |978-625-7687-40-9 | Cereal Grain: Productions and Improvement Edited By: Assoc. Prof. Dr. Fatih C1g
2 | 978-625-7279-66-6 | New Approaches and Applications In Agriculture Edited By: Assoc. Prof. Dr. Mehmet Firat Baran
3 | 978-625-8405-82-8 | Towards A Precision Animal Nutrition Edited By: Assist. Prof. Dr. Aynur Bilmez Ozgiar
4 | 978-625-7914-59-8 | Acnekrtsl MartepuanbHoii Kynerypel Tropkckux Haponos A. Cannarapos, 3.M. Kanaxanosa
5 | 978-625-7687-41-6 | Innovative Approaches In Meadow- Rangeland and Forage Crops Editor: Assoc. Prof. Dr. Seyithan Seydosoglu
6 978-625-7687-44-7 | Research In Medicinal and Aromatic Plants Editor: Assist. Prof. Dr. Giilen Ozyazic1
7 | 978-605-70345-0-2 | Aquaculture And Biotechnology Latife Ceyda Irkin
9 | 978-625-7636-03-2 | Veterinary Medicine And A New Look At Beekeeping Edited By: Assist. Prof. Dr. Tuba Ozge Yasar
10 | 978-625-7636-37-7 | Crop Production And Influencing Factors Abdulgani Devlet
11 | 978-625-7562-37-9 | Theoretical And Practical New Approaches In Cereal Science And Technology | Edited By: Assoc. Prof. Dr. Mehmet Karaman
12 | 978-625-7636-89-6 | Sustainable Forage Production And Ecological Safety Edited By: Assoc. Prof. Dr. Giilcan Demiroglu Topgu,
Assoc. Prof. Dr. Seyithan Seydosoglu
13 | 978-625-7562-11-9 | Fertilizers And Their Efficient Use In Sustainable Agriculture Edited By: Assoc. Prof. Dr. Korkmaz Bellitiirk
Assoc. Prof. Dr. Zubair Aslam
14 | 978-625-7562-09-6 | Recent Headways In Pomology Edited By: Assist. Prof. Dr. Mine Pakyiirek
15 | 978-625-8405-81-1 | Alternative Paths To Sustainable Agriculture Editor Assoc. Prof. Dr. Giilsah Bengisu
16 | 978-625-8423-45-7 | Organic Agriculture - Plant & Livestock Production Editors Assist. Prof. Dr. Giilen Ozyazic1
Assist. Prof. Dr. Hiilya Hanoglu Oral
17 | 978-625-7562-92-8 | Overview on Horticulture Editor: Dog. Dr. Arzu C1§
18 | 978-625-7562-88-1 | Clinical And Basic Studies In Veterinary Editor: Prof. Dr. Tiinay Kontas Askar
19 | 978-625-7562-91-1 Grain Legumes Under Abiotic Stress: Yield, Quality, Enhancement and Acclimatization Editor: Prof. Dr. Murat Erman
20 | 978-625-8423-42-6 | Legumes Processing And Potential Edited By Prof. Dr. Kagan Kokten

Assoc. Prof. Dr. Seyithan Seydosoglu
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21 | 978-625-8405-49-1 | Stratejik Sektor: Tarim Editor: Dr. Ogr. Uyesi Mustafa Yasar
22 | 978-625-8405-42-2 | Pratik Tarim ve Siirdiiriilebilirligin Yansimalari Editorler: Dog., Dr. Seyda Cavusoglu, Prof. Dr. Yusuf Uzun
23 | 978-625-8405-32-3 | Tarimsal Uretimde, Tarimsal Kirliligin Ayak 1zi Editorler: Prof. Dr. Kagan Kokten, Dr. Ogr. Uyesi H. Seyma Inci
24 | 978-625-8405-20-0 Kirazda Modernterbiye Sistemleri Prof. Dr. Ferit Celik Dog. Dr. Erdal Aglar, Dog. Dr. Burhan Oztiirk
25 | 978-625-8405-92-7 | Tarimda Son Trendleri Tasarlama Editorler: Tahir Polat, Mustafa Okant
7- EGITIM BILIMLERI ALANINDA YAYINLANAN BAZI KITAPLARIMIZ
1 |978-605-7510-40-2 | FREHE HF% Konyrbayeva S.S
2 | 978-605-7510-32-7 | Educational Policies In Kazakhstan Talipova F.O.,Eselbaeva A.K.,Tutibaev
K.A. Nauryzbekova S.M., Vd
3 1978-605-7510-36-5 | Hunarmandchilik Va Bilim Tadqiqotlart Zhumasheva T.S,Davlatova
Saodat,Zhubandykova A. M.,Vd
4 |978-605-7510-62-4 | Basic English For Elementary And Pre-Intermediate Learners Abdirassilova Turarkul Nazarbaeva, Vd
5 | 978-625-7954-45-7 | I'eorpadus Kypcrapsiasiy Onkerany XKymbictapeiH ¥ibiMaacteipyaarsl | K. N. Mamirova
MyMKiHgiKTepi
6 | 978-625-7954-46-4 | [lomrororka byaymux Yuureneit Kenzhetayeva Giil, Nurzhanova Sazhil
7 | 978-625-7954-51-8 | I'padmueckme Opranaiizepsr Ha Ypoxax Pycckoro SI3eika 1 Jlureparypst | Tasanbaeva Magirash Anuarbekovna
Sopbekova Alia Edigeevna
8 |978-625-7954-47-1 | Vr Texnonoruu B O6pa3zoBanun YKanabaii A. H., Ep6onar b. P.,
I'abutkb3el A., beiicenbacBa A. b.
9 |978-625-7954-49-5 | Bactaysmu Cemabinta Kaszax Tinin Okeity Onictemecinir Jamysr (1990— | Yaiicosa 'ymaap
2017)
10 | 978-625-7954-52-5 | Arpurmema Tinia Oxeityna Oxymsimapasie Ceitney arapuiapsH Meiipxanosa ['ynnap ToneyrassieBHa
Kanemracteipy Makcartemaa Tuimai ©nicrep Men XKarTerymapast
[Tafinanany
11 | 978-625-7954-53-2 | Typkinik OrancyiirimTik Joctyp Herisingeri Ilatpuortsik TopOue AxxonoBa AKTOTHI TeneyMypaTKbI36I,
Hyiicen6aeB Abait KabakOaityrsr
12 | 978-625-7954-48-8 | Ocobennoctu Passurust TBopuecknx CriocobHOCTeH B Miagmem I'ycmanoBHa IMalinynmuna
IlIxonsHOM Bo3pacre
13 | 978-625-7954-50-1 | K Bonpocy O ®opmupoBanuu U Pa3sutin MexKyIbTypHOI Onemupa [1laBkaroBHa CamM3sHOBa
Komnerennuu B Ilpouecce Muosssranoii Ioarorosku by pymux
[leparoros
14 | 978-625-7954-54-9 | Tearpammzauus Kak Cpencrso Pa3sutus TBopueckoit Camopeammsarmu | OnbpBupa Mynupossa CaduyumHa
Yaanmxcs [Ipn O6yuennn MaocTpanusM S3p1kamMm
15 | 978-625-7954-57-0 | OcnoBa byaymero — O6pa3oBanue Mapusic CampikoBa
16 | 978-625-7029-93-3 | European Union’s Integrated Educational Policy Background And Soner Akin
Involved Political Institutions
17 | 978-605-7695-73-4 | Socio - Political Functions Of Education Critical Views On The Education | Seyyed Muhammad Reza Husseini ,
Akbar Valadbigi
18 | 978-625-7897-01-3 | ©Oneymerrik Oxonorus JXKone Typakrer Jamy CagpikoBa JlameskaH OmiTXaHKBI3EI
19 | 978-625-7897-03-7 | DKOTOKCHKOJIOTHS F. K. Meneyosa
20 | 978-605-7811-86-8 | Practical English For Elementary And Pre-intermediate Learners M.Z. Berkutbayeva, B.M. Sultanova,Vd
21 | 978-625-7139-48-9 | Axlaiall Glgll ¢ ga A (1914 / 1878 Cusm o Apadhul) &y il aaliall 2an ) aiall Jalall e Alls ) g3l
22 | 978-605-7923-90-5 | Kiiresellesme Teknolojik Yenilikler Ve Egitim Arastirmalart Komisyon
23 | 978-625-7954-43-3 | Egitim Orgiitlerinde Liderlik Sinizm Ve Baglilik Dr. Eray Demirgelik
24 | 978-605-7923-11-0 | Kuzey Kibris Tiirk Cumhuriyeti’nin Cografi Ozellikleri Ve Bu Erol Kapluhan
Ozelliklerin Egitime Yansimasi
25 | 978-605-7875-14-3 | Yurtdisinda Tiirkge Ogretimi Bayram Arici
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8- SAGLIK BILIMLERiI ALANINDA YAYINLANAN BAZI KiTAPLARIMIZ

978-605-7923-21-9

New Approaches in Health Sciences

Komisyon

2 | 978-625-7279-35-2 Mesenchymal Stem Cells (Especially Adipose-Derived Stem Cells): Innovative ilhan Ozdemir, Samil Oztiirk
Therapeutic Approachs i
3 | 978-625-7279-36-9 Evaluation of the Effect of Fresh Embryo and Frozen Embryo Transferred on Assoc. Prof. Dr. Cenap Ekinci, Lecturer [lhan
Pregnancy in Infertile Patients Ozdemir
4 | 978-625-7139-76-2 Medical and Health Sciences Edited By: Assist. Prof. Dr. Seyhan Cankaya
978-625-7897-22-8 Health and Science Editors:Prof. Dr. Sevi Oz, Assoc. Prof. Dr.
Yasemin Tas¢1
6 | 978-625-7687-01-0 Recent Studies in Health Sciences Edited By: Assist. Prof. Dr. Selen Miiftuoglu
7 | 978-625-7636-85-8 Different Views and Approaches in Health Sciences Edited By: Assist. Prof. Dr. Miisliim Toptan
Spec. Dr. Zeliha Ayhan
8 | 978-625-7636-82-7 Important Issues in Health Sciences Edited By: Prof. Dr. Mehmet Bayraktar
9 978-625-7636-71-1 Overview To Covid-19 Pandemic Editors: Assist. Prof. Dr. Serif Kurtulus
Assoc. Prof. Dr. Nebiye Yentur Doni
10 | 978-605-70345-1-9 The Place and Definition of Fibrous Astrosides in The Studies Senay Deveci, Engin Deveci,
Ilhan Ozdemir, Firat Asir
11 | 978-625-7562-84-3 Perspectives in Health and Medicine Komisyon
12 | 978-625-7562-59-1 Overview of Some Current Medicine Issues Editor: Assoc. Prof. Dr. Bilge Aslan
13 | 978-625-8061-95-6 Multidisciplinary Perspectives in Educational and Social Science Komisyon
14 | 978-625-8007-99-2 Trends in Interprofessional Care Management in Healthcare Komisyon
15 | 978-625-8007-85-5 Towards the Multilevel Approach in Medical Sciences Komisyon
16 | 978-625-7562-94-2 Updates in Internal Sciences For 2021 Komisyon
17 | 978-625-8007-75-6 Histopathological Research Techniques of Blood Tissue Komisyon
18 | 978-625-8007-01-5 Developments in Different Surgical Subjects Komisyon
19 | 978-625-8423-51-8 Strategies in Health During the Covid-19 Pandemic Editor: Cigdem CERIT
20 | 978-625-8405-63-7 New Reviews in Medicine Editors: Fikriye Yasemin OZATIK, Orhan OZATIK
21 | 978-625-7636-75-9 Noropsikiyatriye ve Agriya Multidisipliner Yaklasim Editér: Dr. Ogr. Uyesi Ulker Atilan Fedai
22 | 978-605-7695-72-7 Otizm Spektrum Bozuklugu Olan Bireyler Igin Akran Aracili Uyarlanmis Dr. Erkan Yarimkaya, Prof. Dr. Ekrem Levent
Fiziksel Aktivite Ornekleri Ilhan, Dog. Dr. Necdet Karasu
23 | 978-605-7695-15-4 Oral Anti Kanser Terapi Huri Seval Gonderen Cakmak
24 | 978-605-7875-50-1 Ozel Oftalmoloji-1- Editor Ciineyt Karaaslan
25 | 978-625-7029-37-7 Engelli Cocuga Sahip Annelerin Psikolojik Iyi Oluslart: Dr. Ogr. Uyesi Demet Vural Yiizbast
Bir Model Onerisi
9- ILAHIYAT ALANINDA YAYINLANAN BAZI KiTAPLARIMIZ
1 |978-625-7636-41-4 | TeftizAni’nin Hayat1 Ve Es-Sa‘dini Adl Serhinin Incelenmesi Dr. Nihat Tar
Editor: Mehmet Giilnihal
2 1 978-625-7636-35-3 | DY) il il 3 SDEAY) 2SS Dr. Anas Mhd Rida Alkahwaji
3 | 978-625-7636-24-7 | Mevlana Celaleddin-I Riimi*nin Fihi M4 Fih Kitabinda Kur’ani Motifler | Dr. Mazhar Diindar
A Editor: Dr Mazhar Tung
4 1978-625-7687-98-0 | Islam Kelaminda Niiztil-U Isa Retorigi Hatice Ozdemir Ekinci
5 |978-625-7687-82-9 | Risaletii’l-Islam Dergisi’nde Fikih Yazilar1 (Inceleme-Metin) Yayina Hazirlayanlar: Dr. Siikrii Ayran
] ] ] Dr. Ramazan Tarik, Editor: Dr. Ismail Ekinci
6 | 978-625-7687-29-4 | Ibn Ebi Isba‘In Hayat1 Ve Belagat Ilmindeki Yeri Dr. Mustafa Ibis
7 |978-625-7687-18-8 | Nahiv Illetleri — Ibnu’l Varrak Ornegi — Dr. Mansur Teyfur
8 [978-625-7279-13-0 | Sifi Sair Ibnu’1-Farid, Hayat: ve Divani (Siirlerindeki Tasavvufi Temalar ve Edebi Sanatlar) Yasar Seracettin Baytar
9 1978-625-7279-09-3 | Ylinus Emre’nin Eserlerinde Din ve Degerler Egitimi Ridvan Demir
10 | 978-625-7139-89-2 | Kelamcilarin Tevhid Miidafaas: Fikret Soyal
11 | 978-625-7139-71-7 | Anadolu’da Din: Roma Dénemi Levent Alpaslan
12 | 978-625-7914-62-8 | Carperdi Bibliyografyasi Dr. Abdullah Bilin, Editér: Ramazan Tarik
13 | 978-625-7914-00-0 | Kur’an’da Ozelestiri Musa Tursak, Editér: Mehmet Altin
14 | 978-605-7695-67-3 | Tiirkiye’de Kiiresellesme Ekonomi ve Din Ismail Ekinci
15 | 978-605-7695-49-9 | Istanbul Yahudilerinin Kimlik Tammlar1 Uzerine Bir Alan Arastirmasi Dr. Ferda Sule Kaya
16 | 978-605-7923-02-8 | Islam’da Tletisim, Toplu Yasam ve Komsuluk Rana Ozyurt Kaptanoglu, lyas Ozyurt
17 | 978-605-7695-23-9 | Islam Ceza Hukukunun Temel Prensipler Hilal Ozay
18 | 978-605-7510-65-5 | Ilahiyat Yazilar Editér: Dog.Dr. Veysi Unverdi
19 | 978-605-7510-08-2 | Inancin Iman Hayatia Yansimas1 Baglaminda- Deizm Elestirisi Dr. Erol Cetin
20 | 978-625-7636-10-0 | Dindarlik ve Kisilik (Ergenler Uzerine Bir Arastirma) Dr. Mehmet Emin Kalgi
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10- MIMARLIK TASARIM VE PLANLAMA ALANINDA YAYINLANAN BAZI KITAPLARIMIZ

1 |978-625-7687-10-2 | Current Researches in Architecture and Engineering Sciences Edited By: Assist. Prof. Dr. Cigdem Bogeng
2 | 978-625-7636-65-0 | Planning, Design and Management in Landscape Architecture Editor:Assoc. Prof. Dr. Arzu Altuntag
3 | 978-625-7636-23-0 | Artificial Intelligence-Aided Product Design Practices Lecturer Hayrettin Meric
4 1978-625-8061-43-7 | Architectural Sciences and Sustainability Komisyon
5 ]978-625-8061-45-1 | Architectural Sciences and Protection & Conservation & Preservation Komisyon
6 |978-625-8061-96-3 | Tasarim Kavramlar1 Uzerinden Farkli Mekansal Okumalar Komisyon
7 | 978-625-7897-92-1 | Tasarim ve Tasarim Siireci Deniz Demirarslan, Oguz Demirarslan
8 | 978-605-7923-82-0 | Disiplinleraras1 Cevre Arastirmalari Editor: Dr. Abdullah Karatag
9 |978-605-80857-3-2 | Kente Kars1 Islenen Suglarn Faili imar Aflar Dr. Mehmet Akalin
10 | 978-625-7562-46-1 | Mimari Tasarimda Farkli Perspektifler Editor: Dr. Fatma Kolsal
11 | 978-625-7562-34-8 | Konutlarda Mekénsal Kalitenin Kullanict Yoluyla Degerlendirilmesi: Dr. Ogretim Uyesi Alper Bodur
Samsun Ornegi Ars. Gor. Kader Keskin
12 | 978-625-7687-89-8 | I¢ Mimaride Perde ve Perde Gorevi Goren Elemanlar Gizem Zincirkiran Can, Deniz Demirarslan
13 | 978-625-7636-33-9 | Yash Bireylerin Mekan Kullanim Tercihleri Gizem Ozer Bas
14 | 978-625-7897-47-1 | Geleneksel ve Cagdas Mimari Yapilar Uzerine Akademik Caligmalar Editor: Dog. Dr. Murat Dal
15 | 978-625-7914-27-7 | Mekan Organizasyonunda Eyvanin Rolii ve Onemi Ars. Gor. Mazlum Kalak, Ars. Gor. Merve Akdas
16 | 978-625-7914-29-1 | Gelenekselden Moderne Yap1 Tasarimi ve Malzemesi Editor: Dr. Ogr. Uyesi Berivan Yilmazer Polat
17 | 978-625-7954-74-7 | Enerji Etkin Kent Planlamasi Komisyon
18 | 978-625-7954-75-4 | Enerji Etkin Kent Tasarim1 Komisyon
19 | 978-605-7695-25-3 | Mimarlik Alaninda Giincel Calismalar Komisyon
20 | 978-625-7914-01-7 | Kentsel Doniisiim ve Karabiik Sevilay Dogdu Kaya
Dr. Ogretim Uyesi Kemal Yaman
21 | 978-625-8405-94-1 | Resent Studies Planning and Design Editors: Assoc. Prof. Dr. Arzu Altuntag
Prof. Dr. Sevket Alp
22 1978-625-8423-06-8 | Geleneksel Dokuda Cikmaz Sokak Olusumu ve Koruma Sorunlari: Siverek Mazlum Kalak, Dogan Kalak
23 | 978-625-8423-94-5 | Birimden Biitiine Interdisipliner Tasarim Yaklagimlari Editorler: Merve Buldag,
Merve Karaoglu Can
YAYINLANAN BAZI KITAPLAR
ISBN YAYIN YILI ESER ADI YAZAR- EDITOR
1| 978-605-9885-00-3 2015 Siirdiiriilebilir Kalkinma ve Yenilenebilir Komisyon
Enerji
2 | 978-605-9885-07-2 2016 ﬂaeiijlu‘ 3 Jisalall g a1 5l 5ual) Jeall Sl Maha Hamdan Alanazi
2 gl gy el ASLeall b Clsas 3all
3| 978-605-9885-54-6 2017 Kiiresel Bakis A. Baran Dural, Bahriye Eserler, Recep Cengiz,
Zehra Glirsoy
4| 978-605-68528-7-9 2018 Oxonorus 3eprreynepi: Kasakcran Meneyosa Famms,CagpikoBa
i Jlamexxan, XKaitneioait K.H.,Vd
5| 978-605-7923-98-1 2019 Tebriz Asiklik Geleneginde Muhammed Nabi Kobotarian
Ile Giilendam Destani
6 | 978-625-7954-23-5 2020 The Current Approaches In Tourism Editor Alper Ates, Kadriye Alev Akmese
7| 978-625-7687-76-8 2021 Zafer Sedast Zarongiz Domirgi Qayali
8 | 978-625-8405-79-8 2022 Anadolu’nun Manevi Mimarlari Editorler:Dr. Selahattin Yakut &
Dog. Dr. Orhan Yilmaz
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UNIVERSITELERIN KUTUPHANELERINDE BULUNAN BAZI KiTAPLARIMIZ

A- BASILI YAYIN KATOLOG BILGIiSI

KITAP ADI YAZAR-EDITOR KURUM KATALOG
NUMARASI
1 Tibbi ve Aromatik Bitkiler Ugucu Yagh Bitkiler| Komisyon Tatarstan Academy of Sciences | 193479
2 Discussions Between Economic Agents: Komisyon Tatarstan Academy of Sciences | 193480
Individuals, Firms And Countries
3 Klasik Turk Edebiyat: Yazilar1 (Mecmi’a Prof. Dr. Atabey Kilig, Alisher Navo'i Tashkent 39836
Tasnifi, Gazel Serhi, Kiigiirek Hikaye, Ogr. Gor. Mustafa Alkan, vd. State University of Uzbek 3836-1
Mesnevi Serhi Sozliigii, Miinse’at Language and
Mecmi’alar Literature
4 Ilkokullar i¢in Analitik Yazma Dog.Dr. Yasin Ozkara Alisher Navo'i Tashkent State 3837
University of Uzbek
Language and Literature
5 Yeni Diinya Diizeninde Yo6netim Yaklagimlar: Komisyon Alisher Navo'i Tashkent 3838
State University of Uzbek
Language and
Literature
6 Uluslararas1 Go¢ Baglaminda Tiirkiye’deki Celal Ince Azorbaycan Milli Elmlor T-10532
Suriyeli Go¢menlerin Mekansal Yogunlagmasi Akademiyasi
7 Cocukluk Genglik ve Yaslilik Uzerine Prof.Dr. Mustafa Talas Azorbaycan Milli Elmlor T-10531
Aragtirmalar Akademiyasi
8 Kiiresellesme Siirecinde Teknolojik Yenilikler | Dog. Dr. E. Yalg¢inkaya Azerbaijan National Library 125D1C2EBA62
ve Egitim Arastirmalari
9 Osmanli Askeri Teskilatinda Deli Ocag1 S. Mehibe; Azerbaijan National Library 125D1C2EBYF3
Edt. Prof. Dr. H. Selguk
10 | Studies on Economic Development Edt. Prof. C. S. Akin, C. Aytun Azerbaijan National Library 125D1C2EBA02
11 | Inancin iman Hayatina Yansimas: Baglaminda | Erol Cetin Xomxa Axmer Hecesn 211.5 CET
Deizm Elestirisi YHHUBEPCHUTETI
14 | George Orwell’m Bin Dokuz Yiiz Seksen Dort | Gokhan Bak vd. Xomka Axmer Hecesu 909- BAK
Ve Hayvan Ciftligi Adl Eserlerinin YHHUBEPCHUTETI
“Soguk Savas” Uzerinden
Degerlendirilmesi
15 | Anadolu’da Rum Ihtilal Teskilat: M. Salih Mercan Ankara Hac1 Bayram Veli E2147828810.1
(Pontus Meselesi) Universitesi Turizm
Fakiiltesi Kiitiiphanesi
17 | KURAN’IN ISIGINDA ISTISARELER Ali Riza Giil,Abdulhalim Aydin, Ankara Hac1 Bayram Veli E2333297737.1
Naif Yasar Universitesi Turizm
Fakiiltesi Kiitiiphanesi
18 | Kiiresel Bakis A. Baran Dural, Bahriye Eserler, Ankara Hac1 Bayram Veli E3392869326.1
Recep Cengiz, Zehra Giirsoy Universitesi Turizm
Fakiiltesi Kiitiiphanesi
20 | Anadolu'da Rum ihtilal Teskilati M. Salih Mercan. Cankaya Universitesi DR 589 M47 2019
(Pontus Meselesi) Kiitiiphanesi
21 | Kiiresellesme, Siyasal Gruplar, Siyasal Talas, Mustafa. Cankaya Universitesi JQ 1809 T35 2019
Kiiltiir- Siyasal Iletisim Ve Tiirkiye Kiitiphanesi
22 | Discussions Between Economic Agents: Ucan, Okyay. Cankaya Universitesi HC 492 D57 2018
Individuals, Firms And Countries Kiitiiphanesi
23 | Misir Arapcasindaki Tiirkge Uysal, Halil Cankaya Universitesi PJ 6582. T8 U97
Kiitiiphanesi 2018
24 | Turk Yaratilis Ve Tiireyis Destanlar1 ve Dini Aksoy, Numan Durak. Cankaya Universitesi GR 280 A36 2018
Motifler Kiitiiphanesi
25 | Orta Gelir Tuzag: ve BRICS Ulkeleri Ulger, Ozlem, ODTU 3rd Floor A Block HC59.7. U38 2018
26 | Sivil Toplum, Siyasal Sistem ve Siyasal Mustafa Talas, Erdem Hilal. ODTU 3rd Floor A Block JQ1809.A15. S624
Yonetim 2018
27 | Uluslararas1 Go¢ Baglaminda Tiirkiye’deki Celal ince ODTU 3rd Floor A Block JV8745.136 2018
Suriyeli Go¢menlerin Mekansal Yogunlagmasi
28 | Osmanli Askeri Teskilatinda "Deli Ocag1" Dr. Mehibe Sahbaz. ODTU 3rd Floor A Block UAS812. S131 2018
29 | Inancin Iman Hayatina Yansimasi Baglaminda: | Dr. Erol Cetin. ODTU 3rd Floor A Block BL2773 .C423 2018
Deizm Elestirisi
30 | Goglin Ardindan Fatma Nisan, Eylem Sentiirk Kara ODTU 3rd Floor A Block JV8745.N722 2018
31 | Cok Kiiltiirliililk Yaklasimi ve Sorunsallari Dog. Dr. Akif Akto. ODTU 3rd Floor A Block HM1271. A315 2018
32 | Academic Studies in Fine Arts and Design Edited by Mustafa Hilmi Bulut, ODTU 3rd Floor A Block ND699.T447. A18
Ozlem Kaya. 2018
33 | Toplumsal ve Siyasal Bilim Arastirmalar Editor Mustafa Talas. ODTU 3rd Floor A Block JA81.T626 2018
34 | Turk Yaratilis ve Tiireyis Destanlar1 ve Numan Durak Aksoy; ODTU 3rd Floor A Block GR280. A315 2018
Dini Motifler editér Yunus Emre Tansii
35 | Discussions Between Economic Agents: Edited by Okyay Ugan ODTU 3rd Floor A Block HD2346.T92. Y195
Individuals, Firms and Countries 2018
36 Studies On Economic Development Edited by Cemil Serhat Akin, ODTU 3rd Floor A Block HDS82. A31 2018
Cengiz Aytun
37 | Goglin Ardindan Nisan, Fatma. Sentiirk Hacettepe Beytepe Kiitiiphanesi | JV8745 N57 2018

Kara, Eylem




IKSAD INTERNATIONAL PUBLISHING HOUSE

38 | Academic Studies in Fine Arts and Design Bulut, Mustafa Hilmi. Hacettepe Beytepe Kiitiiphanesi | N85 A23 2018
Kaya, Ozlem.
39 | Misir Arapcasindaki Tiirkge Uysal, Halil Hacettepe Beytepe Kiitiiphanesi | PJ6582.T8 U97 2018
40 | Osmanl Askeri Teskilati'nda "Deli Ocag1" Sahbaz, Mehibe. Hacettepe Beytepe Kiitiiphanesi | UA812 S24 2018
41 | Coreldraw & Grafik Tasarim Kavasoglu, B. Ruhsar. Hacettepe Beytepe Kiitiiphanesi | T385 K38 2018
42 | Bagkurt Destan1 Kuzukiirpes ile Samsutdinova, Gulgina Hacettepe Beytepe Kiitiiphanesi | PL72.6 S26 2018
Mayanhiliu'in Varyantlarinin ve Dilinin
Kargilagtirlmali
Incelenmesi
43 | Turk Yaratilis ve Tiireyis Destanlart ve Dini Aksoy, Numan Durak. Hacettepe Beytepe Kiitiiphanesi | GR280 A37 2018
Motifler
45 | The Social Media Report Of The Turkish Radio | Kuyucu, Mihalis (Michael). Hacettepe Beytepe Kiitiiphanesi | PN1991.3.T9 K89
Market In The New Digital Age 2018
46 | Akademik Bakis Agistyla Gog Abdullah Soykan, Ahmet Cagrici, Adiyaman Universitesi Gélbag1 | JV 6225/A33
Ahmet Mazlum vd. MYO
Kiitiiphanesi
48 | Kiiresel Bakis A. Baran Dural, Bahriye Eserler, Adiyaman Universitesi Gélbasi | DR477/D87
Recep Cengiz, Zehra Giirsoy MYO Kiitiiphanesi
49 Kazakcranna Typusmuiz JJamybt CanpikoBa Jlamexano Glimiishane Universitesi Merkez| EK36BC2D90
Kiitiiphanesi
50 | Kazax ©nebueri boiibiama 3eprreynep Bereke Zhumakaeva (vd) Giimiishane Universitesi Merkez| EK6C9418BA
Kiitiiphanesi
52 | Contemporary World: Policy, Politics And Edited by Rahmat Ullah, Co-Editor Giimiishane Universitesi Merkez| EKC1CB4E65
International Relations Sabbir Hasan Kiitiiphanesi
54 | Azorbaycan Musiqisinds Bahar Mévzusu Vo Tlqar Imamverdiyev Giimiishane Universitesi Merkez| EKF9144FAB
Novruz Motivlarinin Izlori Kiitiiphanesi
55 | Inancin iman Hayatina Yansimasi Baglaminda: | Erol Cetin Giimiishane Universitesi Merkez| EK729884DC
Deizm Elestirisi Kiitiiphanesi
57 | KURAN’IN ISIGINDA ISTISARELER Ali Riza Giil, Sirnak Universitesi Merkez 0cm0001864555
Abdulhalim Aydin, Naif Yasar Kiitiiphanesi
58 | Akademik Bakis Acisiyla Gog Abdullah Soykan, Ahmet Cagrici, Sirnak Universitesi Merkez ocm0001864552
Ahmet Mazlum vd. Kiitiiphanesi
60 | Akademik Bakis Agistyla Gog Abdullah Soykan, Ahmet Cagrici, Atatiirk Universitesi Merkez 6225A3142017
Ahmet Mazlum vd. Kiitiphane Z. F. Findikoglu 0214758
Salonu
61 Kiiresel Bakis A. Baran Dural, Bahriye Eserler, Atatiirk Universitesi Merkez 1318K9692017
Recep Cengiz, Zehra Giirsoy Kiitiiphane Z. F. Findikoglu 0214759
Salonu
64 | Inancin Iman Hayatina Yansimasi Baglaminda | Erol Cetin Atatiirk Universitesi Merkez BP166.22C3392018
Deizm Elestirisi Kiitiphane Dil ve Edebiyat 0214762
Salonu
65 | Kocnrk bunm bepy XKyiieci: Kazakcran Keipacosa 3.A....[Et.AL] Atatiirk Universitesi Merkez LC
Kiitiiphane M. Muhtar 1043K275201
Karahanoglu 80214764
Salonu
66 | Tapuxu Cana Koxakeea ILT... [et.al.] Atatiirk Universitesi Merkez D16.9T2692018
Kiitiphane Z. F. Findikoglu 0214765
Salonu
67 | Uccneosanust B O6nactu [Tonutuku Xy’KaxMTOBa r'yibHapa...[et.al.] Atatiirk Universitesi JQ
Merkez Kiitiphane 1802N776201
M. Muhtar Karahanoglu Salonu | 8 0214766
68 | wmccinenoBaHMS TIOPKCKOW HApOIHOM KyJIbypbl ryJbpHap fonablbaesa...[et.al.] Atatiirk Universitesi DS26N776
Merkez Kiitiiphane 2018
M. Muhtar Karahanoglu 0214767
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B. ELEKTRONIK ORTAMDA KATOLOGLAYAN KURUMLAR*

Cumhurbaskanlig1 Bestepe Kiitliphanesi

Fatih Sultan Mehmet Vakif Univ.

Mersin Universitesi

Abant Izzet Baysal Universitesi

Giresun Universitesi

Mimar Sinan Universitesi

Adana Alparslan Tiirkes Bilim ve Teknoloji

Universitesi

Giimiishane Universitesi

Mugla Sitk1 Kogman Universitesi

Adigiizel Meslek Yiiksek Okulu

Hakkari Universitesi

Mustafa Kemal Universitesi

Adnan Menderes Universitesi

Harran Universitesi

Namik Kemal Universitesi

Afyon Kocatepe Universitesi

Hasan Kalyoncu Universitesi

Necmettin Erbakan Universitesi

Agr Ibrahim Cegen Universitesi

Hitit Universitesi

Nevsehir Haci Bektasi Veli
Universitesi

Aksaray Universitesi

Igdir Universitesi

Ordu Universitesi

Alanya Alaaddin Keykubat Universitesi

Thsan Dogramaci Bilkent Universitesi

Osmaniye Korkut Ata Universitesi

Amasya Universitesi

Iskenderun Teknik Universitesi

Omer Halis Demir Universitesi

Anadolu Universitesi

Istanbul Arel Universitesi

Sakarya Universitesi

Ankara Hact Bayram Veli Universitesi

Istanbul Bilgi Universitesi

Siileyman Demirel Universitesi

Ankara Universitesi

Istanbul Cerrahpasa Universitesi

Tiirk — Alman Universitesi

Ardahan Universitesi

Istanbul Gelisim Universitesi

Uluslararasi Final Universitesi

Artvin Coruh Universitesi

Istanbul Kavram MYO

Usak Universitesi

Atatiirk Universitesi

Istanbul Kiiltiir Universitesi

Uskiidar Universitesi

Atilim Universitesi

Istanbul Medeniyet Universitesi

Yasar Universitesi

Bahcesehir Universitesi

Istanbul Universitesi

Yiiziinciiy1l Universitesi

Balikesir Universitesi

Istinye Universitesi

Bursa Biiyiiksehir Belediyesi

Bandirma Onyedi Eyliil Universitesi

Kafkas Universitesi

Kayseri Biiyiiksehir Belediyesi

Bartin Universitesi

Kahramanmaras Siitcii Imam Universitesi

Kocaeli Biiyiiksehir Belediyesi

Baskent Universitesi

Kibris Amerikan Universitesi

Sultangazi Belediyesi

Bayburt Universitesi

Kibris Sosyal Bilimler Universitesi

Niliifer Belediyesi

Beykent Universitesi

Kurklareli Universitesi

Kocaeli BSB Gebze

Bozok Universitesi

Kirsehir Ahi Evran Universitesi

Izmit Belediyesi

Biilent Ecevit Universitesi

KKTC Dogu Akdeniz Universitesi

Golciik Belediyesi

Cumhuriyet Universitesi

KKTC Girne Amerikan Universitesi

Bagaksehir Belediyesi

Cag Universitesi

Kocaeli Universitesi

Biiyiik Camlica Camii Kiitliphanesi

Canakkale 18 Mart Universitesi

Malatya Turgut Ozal Universitesi

Hatay Biiyiiksehir Belediyesi

Cankir1 Karatekin Universitesi

Maltepe Universitesi

Avcilar Belediyesi

Cukurova Universitesi

Manisa Celal Bayar Universitesi

Adana Sarigam Belediyesi

Dogus Universitesi

Marmara Universitesi

Darica Belediyesi

Ege Universitesi

MEF Universitesi

Gaziantep Biiyiiksehir Belediyesi

Eskisehir Teknik Universitesi

* HIPERLINK ALTYAPISI iLE

11



IKSAD INTERNATIONAL PUBLISHING HOUSE

SELCUK UNIVERSITESiI SENATOSU KARARI iLE ALANINDA ETKINLiGi VE SAYGINLIGI
KABUL EDILEN ULUSAL VE ULUSLARARASI YAYINEVLERI

https://webadmin.selcuk.edu.tr/BirimDosyalar/Dosyalar/rektorluk/ULUSAL VE ULUSLARARASI YAYINEVLERILpdf

4T YAYINEVI

7 TURHAN KiTAPEVi
ADALET YAYINEVI
AKADEMI YAYINEVI
AKADEMISYEN YAYINEVI
AKCAG YAYINLARI

ALFA YAYINLARI

ALKIM

ANAYASA MAHKEMESI
ANKARA

ARIKAN

ARISTO YAYINEVI
ARKEOLOIJI VE SANAT
YAYINLARI

ASTANA

ATATURK UNIVERSITESI
BASINEVi

ATLAS AKADEMI

ATLAS YAYINEVI
BANKACILIK VE TiICARET H.
ARAS. E BERIKAN YAYINLARI
BESIR KITAPEVi

BETA YAYINLARI

BILGIN KULTUR SANAT
YAYINLARI

BILGITEK

BILIM

BILLUR YAYINEVI
CAMBRIDGE SCHOLARS
PUBLISHING COMING SOON
CRC PRESS/TAYLOR ANDA
FRANCIS

CAGA HUKUK VAKFI
CANKIRI ARASTIRMA MERKEZ]
YAYINEVLERI

CizGi KITAPEVI
DAYINLARLI

DER YAYINLARI LEGAL
YAYINCILIK DIGESTA
DiVAN KiTAP

DOKUZ EYLUL UNIVERSITESI
DORA YAYINLARI

EGITEN KiTAP YAYINCILIK
EGITIM YAYINEVI

EKIN YAYINEVI

ELSEVIER PUBLICATION
ENDULUS YAYINLARI

GULER OFSET

GULERMAT MATBAA VE
YAYINCILIK

GUNAY OFSET

YAYINEVI

GUNES TIP

HECE YAYINLARI ANKARA
HEDEF CS

HIPER YAYINEVI

HUKUK AKADEMISI

HUKUK YAYINLARI

HUNER YAYINEVI

IJOPEC PUBLICATION INTECH
OPEN INTERTIP

IRCICA YAYINLARI IVPE

IDEA YAYINEVI

IDEAL KULTUR YAYINCILIK
IKINCI SAYFA YAYINEVI
IKSAD INTERNATIONAL
PUBLISHING

ILAHIYAT YAYINLARI
ILETiSIM YAYINLARI

IMAJ YAYINEVI

INSAN YAYINLARI

ISAM YAYINLARI

ISTANBUL BiLGI UNIVERSITESI
iZ YAYINCILIK
JAGIELLONLAN UNIVERSITY
INSTITUTE OF PUBLIC AFFAIRS
JOHN WILEY &SONS

KADIR HAS UNIVERSITESI
KARABUK UNIVERSITESI
YAYINLARI KAZANCI HUKUK
KIiTAP DUNYASI YAYINLARI
KOK YAYINCILIK

KOMEN YAYINEVI

KULTUR YAYINEVI

LAMBERT AKADEMIK YAYINEVI
LAP LAMBERT PUBLISHING
LEGAL

LGI GLOBAL

LISANS YAYINLARI

LITERA YAYINCILIK
LITERATUR YAYINEVI

M.U ILAHIYAT FAKULTESI VAKFI
MAHYA YAYINLARI

MALIYE VE HUKUK

MILLI EGITIM BAKANLIGI
YAYINEVI MONOPOL YAYINLARI

NiKA

NOBEL YAYINEVI

ON iKi LEVHA

OTUKEN YAYINLARI

PEGEM YAYINCILIK

PALET YAYINEVI

PALME YAYINEVI
PARADIGMA AKADEMI

PETER LANG YAYINEVI
RAGBET YAYINLARI

REMZI KITABEVI

S.U. MEVLANA ARASTIRMALARI
ENSTITUSU YAYINLARI

SAGE YAYINEVI

SAVAS YAYINEVI

SAY YAYINLARI

SAYRAM YAYINLARI

SECKIN YAYICILIK

SELCUK UNIVERSITESI
YAYINLARI SELENGE
YAYINLARI

SENTEZ YAYINCILIK

SIVAS CUMHURIYET UNV.
MATBAASI VE YAYINEVI
SONCAG YAYINLARI
SPRINGER

SRA (STRATEGIC RESEARCHES
ACEDEMY) TAYLOR ANDA
FRANCIS

TIMAS YAYINLARI

TURK DIiL KURUMU YAYINLARI
TURK TARIH KURUMU
YAYINLARI

TURKIYE BAROLAR BiRLIGI
TURKIYE DIYANET VAKFI
TURKIYE KLINiKLERI YAYIN EVI
UNIVERSITY PRESS “ST.
KLIMENTOHRIDSKI” US
AKADEMI YAYINLARI
UYUSMAZLIK MAHKEMESI
YAYINLARI VAKIFLAR GENEL
MUDURLUGU YAYINLARI
VEDAT KITAPCILIK

YAPI KREDI YAYINLARI
YEDITEPE UNIVERSITESI
YEDITEPE YAYINLARI
YEDIVEREN KITAP

YEM YAYINEVI

YETKIN
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