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Summary

Recently, the increase of the pathogens resistant to recent antimicrobial
agents has become a health problem. Accordingly, the current study aimed at the
isolation of local actinomycetes spp. that is capable of producing novel bioactive
compounds, as well as investigating their biological (antimicrobial and
anticancer) activities, in addition to, characterizing and partial purifiying the
antimicrobials metabolites. Forty soil samples were collected in Garmian area,
during the period from 2™ to 15" Feb. 2015. Out of the forty soil sources were
screened, only (65%) of them harbored potential actinomycetes, and 55

suspected colonies with different morphotypes were isolated.

All isolates were tested for antimicrobial activities by primary screening
against reference strains. Among all suspected actinomycetes candidates, only
six 1solates KH14, KH16, KH18, KA19, KA38 and KA39 were able to inhibit
the growth at least two of tested microorganisms. Optimizing media composition
for enhancing the production of antimicrobial metabolites, five different broth
media ISP1, ISP2, ISP4, ISP5 and Glycerol yeast extract broth were used and
ISP2 revealed the best results (inhibition zone) among all media used.
Furthermore, five different organic solvents were used to obtain the maximum

extraction of extracellular antimicrobial metabolites.

Results exhibited the extraction by n- butanol, methanol, ethyl acetate, n-
hexane and chloroform, for recording zones of inhibition as 46.6%, 33.3%, 20%,
13.3% and 6.6% respectively against the tested microorganisms. Comparisons of
antimicrobial activities between extra and intracellular crude extracts were
carried out. In general, the extracellular exerted more potent antimicrobial

activity than the intracellular.



Ten different synthetic antibiotic discs were used to compare their
activities with the extracellular crude extract. Interestingly, the extract, when
compared their activities, show a higher inhibitory activity against the pathogens
than synthetics discs activity. The results of the optimization experiments, such
as growth kinetic, pH and salt tolerance NaCl revealed that the 3 days of
incubation at pH 8 and 5% of NaCl tolerance especially for KH14 isolate.
Minimum inhibitory concentration against Staphylococcus aureus, Escherichia
coli and Candida albicans shows that 64, 500 and 500ul/ml respectively. The
extracellular crude extract exhibited a strong inhibitory activity against Gram-
positive bacteria and a moderate inhibitory activity against both Gram-negative
bacteria and yeast. In addition to the antimicrobial actions, DPPH assay has been
performed to determine the antioxidant activity. The extracellular crude extract
from KH14 isolates showed ICs, about5.24 mg/ml which scavenged 91% of
formed DPPH free radicals.

Determining the nature of the antimicrobial compounds was analyzed by
TLC, which indicated the presence of four separate spots, only one of them
revealed the antimicrobial activities, as well as their position was determined by
bioautography, with different solvents (mobile phase) exhibited different R¢
values. HPLC-MS analysis of the scraped active spot and ethyl acetate extract
indicated the presence of many compounds. In addition, the results showed that
most of them have a similar mass, which becomes noticeable in chromatogram.
UV absorbance designated the presences of only two peaks at(221.85)and
(264.85)nm from the scraped spot, while three distinguished peaks were shown
at 222.85, 264.85 and 442.85 nm from ethyl acetate extract. Furthermore, the
similarity between the two extracts on the basis of UV absorbance was achieved

by the second peak of both extracts which is 264.85nm, and this was considered



as an antimicrobial absorbency. GC-MS analysis results for ethyl acetate extract
of KH14 displayed 12 peaks, their molecular weight and molecular formulas

were determined depending on NIST library.

The antitumor activities were determined by MTT assay, which indicated
that KHI14 possesses a powerful effect against used cancerous cell lines,
especially against MCF-7 by inhibiting 75.84% (400 pug concentration) of cancer
cells after 72 hours of incubation, while against the rest of other cell lines,
PC3and A375with moderate activities. High content screen assay was carried out
for six cellular multi-parameters, against MCF-7 cell line. Besides, the
comparison was carried out between the vehicle and extracellular crude extract
of KH14.

Statistical analyses within different (P values) revealed significant
differences between vehicle samples with extracellular crude extract
concentrations exactly in case of cell viability, nuclear morphology, cell
membrane permeability and mitochondrial membrane potential with different
concentrations, while both total nuclear intensity and cytochrome ¢ did not

show any significant differences with the negative control (vehicle).
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Chapter One Introduction and Literature Review

1. Introduction and Literature Review
1.1 Introduction

Actinomycetes are remarkable, bodacious and attractive filamentous
Gram-positive bacteria and their DNA has high G+C (>55%) conten, and
possesses the accurate aerial hyphae. They belong to the phylum Actinobateria
that represents one of the major taxonomic units amongst the 18 main lineages
which are now documented inside the bacterial domain with many fluctuates
among the soil category (Athlete et al., 1981; Olano et al., 2009). Bergey's
Manual for classification and according to their principle for classification,
actinomycetes is divided into eight different families which are summarized by
Holt, (1994) and by the way they include 63 genera as mentioned by Nisbet and
Fox, (1991).

The common characteristics of actinomycetes exist as free, spore forming,
saprophytic microorganisms found broadly scattered in the soil, colonizing the
plants and present in water. At the beginning the actinomycetes were recognized
primarily on their morphological criteria, furthermore, actinomycetes taxonomy
was in the past thought to be associated with their morphology that is insufficient
for differentiating between different related species and among a lot of genera. In
addition, the phylogenetic and molecular approaches when applied have been
given a huge impact to facilitie their classification methods (Babalola et al.,
2009; Hozzein and Goodfellow, 2011). On the other hand, a number of
organisms that are accidentally placed in disqualified groups are currently
classified in the correct way due to the introduction to molecular techniques (Zhi
et al., 2009). However, recently, the classification of the species and phylogenies
has frequently resulted from 16S rRNA and the use of (PCR) for sequencing and
analyzing it (Wood et al., 2007; Zhi et al., 2009).
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The life cycle of actinomycetes in general possesses three main separate
appearances at the level of microscopic categorization specifically vegetative
mycelium (growth), aerial mycelium baring cuffs of spores and the characteristic
agreement of spores and finally the spore arrangement, while the last two
features provided the most investigative information for identification (Anderson
et al., 2001; Taddei et al., 2006). Collectively, both culture and microscopic
characteristics help researchers to organize the members of actinomycetes till
reaching the genus such as Streptomyces genus. Numerous studies have been
accepted out where the actinomycetes isolates were recognized as a species of
Streptomyces based on these properties and /or characteristics (Kekuda et al.,
2010; Kekuda et al., 2012).

Actinomycetes are frequently documented as producers of antibiotics and
other useful secondary metabolites as explained by Challis and Hopwood (2003).
Comprehensively, till now about 70-80% of the commercially obtained
antibiotics and antimicrobial secondary metabolites has been isolated and
characterized from numerous actinomycetes species (Khanna et al., 2011). These
secreted secondary metabolites are characterized as an opulent source of
biologically active compounds such as antibiotics, enzyme, agrochemicals,
antiparasitics, immune suppressants and antitumoragents Berdy (2005).
However, over the previous decade, the search for antibiotics and other
secondary bioactive metabolites in actinomycetes species and other
microorganisms has become less popular due to the retreating achievement for
discovering novel strains, as an outcome, screening for new potential chemicals
compounds increased, but it didn’t give way for much accomplishment, which is
not remarkable since actinomycetes have evolved their capabilities over many
years (Baltz, 2008).
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About 80% of the rationally proceeding antibiotics are produced by
actinomycetes and amongst the most abundant producers are Streptomyces and
Micromonospora (Stackebrandt et al., 1997). Furthermore, the study of Raja
and Prabakarana (2011 ) and Suthindhiran and Kannabiran (2009) explain that
the actinomycetes which produced bioactive compounds, and their produced
compounds are of diverse components including anthracyclins, glycopeptides,
aminoglycosides, macrolides, polyenes, [-lactums, peptides, nucleosides,
terpenes, polyethers and tetracycline’s, which have a broad variety of biological
activities.

In addition, a large number of the antibiotics used in clinical are straight
natural products and /or semi synthetic derivatives from natural microorganisms
and from their secondary metabolites (Thakur et al., 2007). To achieve this
excited isolation of novel actinomycetes from natural income and
characterization, separation of their secondary metabolites is still a precious
attempt (Rahman et al., 2011). However among all isolated actinomycetes
strains, Streptomyces are everywhere present in the natural environment but the
largest numbers of them are found in soil, Outstanding to their antagonism
activity with other different microorganisms (Ceylan et al., 2008). Streptomyces
are the most well recognized genus of actinomycetes family which all the time
has been notified because of their capability to manufacture and exude a large
diversity of bioactive secondary metabolites. On the other hand the isolated and
purified compounds from soil actinomycetes have a wide spectrum of biological
actions such as antibacterial, plant growth hormone, cytotoxic,
immunosuppressive, antifungal, antimiotic, neurotoxic, antineoplastic and
antiviral activities (Black et al., 1982; Schulz et al., 2009).
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Aims of the Study
This study is intended to investigate the following aims:

1. Isolating and identifying the actinomycetes species in the Garmian area from
farming and none farming soil, as well as detecting the most powerful
antimicrobial producer strains of actinomycetes by primary screening program,
and studying their morphological characteristics.

2. Evaluating both the effects of the composition of media on antimicrobial
production, and differnt organic solvent ability to extract antimicrobial
compounds, as well as, comparing the antimicrobial activities between
extracellular crude extracts with synthetic antibiotic discs, furthermore,
determining the minimum inhibition concentration (MIC) against reference
strains used.

3. Evaluating some growth conditions such as (best days for production of
secondary metabolites, optimum pH and NaCl salt tolerance), for achieving
maximum products. Besides it, estimating the extracellular crude extracts
antioxidant activity of by DPPH assay.

4. Determining and separating the antimicrobial bioactive compounds by thin
layer chromatography (TLC), and their R¢values with different mobile phases,
furthermore demonstrating the position of bioactive compounds via
bioautography.Furthermore, Analyzing and partially purifying the ethyl acetate
extract by both high liquid chromatography mass spectra (HPLC-MS) and gas
chromatography mass spectrum (GC-MS).

5. Determining the antitumor activity of the extracellular crude extract via MTT
assay against three different cancer cell lines, as well as evaluating the
cytotoxicity of extracellular crude extract through High Content Screening

(HCS) multi-parameters assay.
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1.2 Literature Review
1.2.1 General Backgrounds of Actinomycetes

Actinomycetes are aerobic, able to form spore, gram-positive bacteria, and
belong to the order Actinomycetales which is characterized by possessing both
substrate and aerial mycelium growth at their entire growth (Lechevalier and
Lechevalier, 1981). The high (G+C) ratio of their DNA contained (>55%), which
are phylogenetically linked to the facts of 16S ribosomal cataloguing and DNA:
rRNA combination study (Goodfellow and Williams, 1983; Korn-Wendisch and
Kutzner, 1992). It reprsents one of the major taxonomic groups among the 18
main lineages presently documented within the bacterial domain (Ventura et al.,
2008).

The name “Actinomycetes” was originally derived from the Greek word
“attacks” means (a ray) and “mykes” means (fungus), therefore having similar
characteristics of both fungi and bacteria (Das et al., 2008). Furthermore, they
possess sufficient characteristic features that help to define them into ‘Kingdom
of bacteria’. The actinomycetes are prospective producers of antibiotics,
therapeutic constructive compounds, and the bioactive compounds in the
secondary metabolites. These include antibiotics, immunosuppressive agents,
antitumor agents, and enzymes. Beside, these metabolites are known to possess
antibacterial, antioxidant, antifungal, anti-cancer, neuritogenic, anti algal, anti-
malarial, and antiinflammatory and anti-helmintic activities (Kekuda et al., 2010;
Ravikumar et al., 2011).

They reveal a range of life cycles which are exclusive among the
prokaryotes and emerge to play a main role in the cycling of the organic matter
in the soil environment (Veiga et al., 1983). Actinomycetes have proven their

capability to produce a multiplicity of the bioactive secondary metabolites and
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depending on this basis, the discovery of novel antibiotic and none antibiotic
guide molecules throughout the microbial secondary metabolite screening is
appropriate  gradually more important.  Furthermore, actinomycetes
(Actinobacteria) are extremely imperative to human medicine, food production
and agriculture. The key reason for this activity is their capability to cooperate
with other organisms, an area which has mainly been unnoticed in the previous
150 years of their study. In humans, actinobacteria are expected to framework
around one-third of the gut microbiota, most remarkable bifidobacterium species,
which are valuable to human health and nourishment (Miao and Davies, 2010).
Finally a significant constituent in the drug innovation based on the
microbial extract is the isolation of undiscovered groups of microorganisms that
are at the same time excellent producers of the bioactive secondary metabolites.
Many environmental niches immobile till now remain uncultivated. This needs
to be studied for a better variety of new actinomycetes. Unusual strains of
actinomycetes in general produce diverse compounds. In addition to achieving
this rationale, concentrated hard work can be augmented for the isolation and
screening of novel strains to find out new compounds (Chaudhary et al., 2013).

1.2.2 Ecology and Habitat of Actinomycetes

Actinomycetes are the most abundant microorganisms that appear as
thread-like filament structure in the nature, and they are cultivated as hyphae like
fungi in appearance which is responsible for the typically “earthy” smell of
recently turned well soil (Sprusansky et al., 2005). The actinomycetes live in a
variety of habits in environment (George et al., 2012), are characterized as un
ubiquitous group of microorganisms broadly dispersed in usual ecosystems
approximately around all the world (Srinivasan et al., 1991).They are mainly
earth (soli) inhabitants (Kuster, 1968), but also have been broadly scattered in a
varied range of aquatic ecological unit, including sediments obtained from

6
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marine (Walker and Colwell 1975; Colquhoun et al., 1998), yet from maximum
depth Mariana Trench (Takami et al., 1997; Pathom-aree et al., 2006).

Their presence in extreme environmental conditions, especially in
cryophilic regions, has also been documented (Raja et al., 2010). For instance,
soils were taken from Antarctica (Moncheva et al., 2002) and even from desert
soil (Diraviyam et al., 2011). It has been established that in a proportional
survey, actinomycetes inhabitants are the largest in soils source and they from a
surface layer which slowly decreases as depth increases. Character of
actinomycete strains are found in all soil layers (Takahashi and Omura, 2003).

Information on the actinomycete variety on limestone habitats are still
insufficient, while some studies have been approved out on the microbial
population of the caves, especially the limestone caves (Schabereiter-Gurtner et
al., 2002; Ortiz et al., 2013). Actinomycetes are the most widely distributed
group of microorganisms in nature (Takizawa et al., 1993). The strong odor in
the air when rain falls after a dry magic charm of weather is due to production of
geosmin by the soil actinomycetes (Gust et al., 2003). In natural habitats,
Streptomyces species are common populations and are usually a main component
of the whole actinomycete inhabitants. Upto date, there are over 600
Streptomyces species cited in the literature review (Euzeby, 2014). Other
actinomycete genus such as Actinoplanes, Catenuloplanes, Amycolatopsis
Micromonospora  Kineospora, Dactylosporangium, Microbispora and
Nonomuraea are frequently very complicated to isolate and grow due to their
slow growing and they are called “rare actinomycetes” (Hayakawa, 2008). In
addition, actinomycetes are often heterotrophic in the environment. Most of them
are strict saprophytes, while some from parasitic or mutualistic associations with
plants and animals. Actinomycetes are commonly believed to have a role in the

recycling of nutrients, and they are aerobic and some like actinomycetes are
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anaerobic. Some species such Frankia needs very specific growth media and
incubation situation; furthermore, many actinomycetes are growing on the
ordinary bacteriological media used in the laboratory such as nutrient agar, blood
agar, trypticase agar, starch casein agar and brain heart infusion agar.
Sporoactinomycetes on the other hand, need very special media to ensure
differentiation and the improvement of spores characteristic and pigment
production (Attwell and Colwell, 1984; Chavan Dilip et al., 2013).

1.2.3 Life Cycle of Actinomycetes

Actinomycetes represent as an important model of bacterial development;
they display an extraordinary multifaceted life cycle with dissimilar cell types
(spores, vegetative and reproductive mycelia), and with the morphological
changes severely associated to the physiological segregation. The consideration
of actinomycetes biology has depended on general studies in the life cycle of
Streptomyces coelicolor because of the availability of the whole genome
sequence (Bentley et al., 2002). The Streptomyces coelicolor considered as a
model of multicellular prokaryotic and it includes a sporulation and programmed
cell death (apoptosis). When the spore germinated, the growth of their vegetative
parts leads to the formation of a mycelium which consists of a ramifying
arrangement of hyphae that enter a wet substrate by the extension of hyphal tips
and sub-apical branch, then followed with reproductive growth often
accompanied with the formation of filamentous aerial hyphae that finally
undertakes differentiation into chains of uni-genomic spores. The multipart
developmental life cycle includes apoptosis phenomena that construct this
bacterium with a multicellular prokaryotic model (Manteca et al., 2010; Rioseras
etal., 2014).

In general, the life cycle of Streptomycetes is complex and is classified as
being neither multicellular nor unicellular (Maguelez et al., 2000). They

8
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generally describe the life cycle of Streptomyces as in (Figure 1.1) which starts
with the spore germination resulting in the dispersal of filaments into the solid
medium to give an outward appearance as vegetative mycelium. Then the
vegetative mycelium develops to form sporophores which expand vertically on
the way to the surface and aerial mycelium formed. In addition, the poly-
nucleated aerial is formed from aerial mycelium when spirals and then the
filaments are partitioned. The final sheaths become spores and then the cycle
begins repeating. The secondary metabolites of microbial are almost organic
compounds in nature which include antibiotics, toxins, pigments, antitumor
agents and enzymes which are not directly concerned with the normal growth,
development or duplicate of the producing microorganism (Martin et al., 2005).
Microorganisms on the other hand produce their secondary metabolites
throughout the stationary phase of the grown life cycle. Waksman (1957)
described the life cycle of filamentous actinomycetes was regularly occuring as
either spores form or minute fragments of mycelium. When there are favorable
growth conditions, germination occurs by the formation of branching threads or
rods that develop into unicellular mycelia. The formed hyphae are usually non-
septated, and within the solid media substrate the vegetative mycelia grow, at the
same time the aerial mycelia stick out from the vegetative growth. The majority
of actinomycetes are reproduced either from special sporulation bodies such as in
Streptomycetes, or from the hyphal tips part of the formed mycelium in the case
of none sporulating genus such as Dietzia, Mycobacterium, Gordonia,

Rhodococcus and Nocardia.
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Figure 1.1: Life cycle of actinomycetes in general, especially Streptomycetes, from
(Maguelez et al., 2000).

1.2.4 Structure, Composition and Taxonomy of Actinomycetes

Actinomycetes are differentiated by the forming of branching threads or
rods at normal state. The hyphae are generally found to be non- septated; under
definite particular conditions, septa may be seen in some different forms. The
sporulating mycelium may be branched or none branched, straight or spiral
shaped (Chaudhary et al., 2013). The spores of actinomycetes are spherical,
cylindrical or oval. Moreover, actinomycetes produce early micro colonies which
are composed of branching filaments system, after 24 to 48 hrs the fragment
parts changed into diptheroids, short chain and coccobacillary forms (Waksman,
1940). The actinomycetes cell wall is an inflexible structure that maintains the
cell wall of actinomycetes shape and maintains the shape of the cell which
prevents bursting of the cell through the high osmotic pressure (Goodfellow et
al., 1998; Manuselis and Mahon, 2007).

10
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The wall consists of a large mixture of different compounds, including
peptidoglycan, teichuronic acid, teichoic and polysaccharides. The peptidoglycan
components consist of glycan as a chain of irregular N-acetyl-d-muramic acid
(NAM), diaminopimelic acid and N-acetyl-d-glucosamine (NAG) and (DAP),
which is unique in the cell walls of prokaryotic microorganisms. The teichoic
and teichuronic acids are chemically bonded to peptidoglycan (Davenport et al.,
2000; Manuselis and Mahon, 2007). The chemical composition of their cell wall
is like that of gram positive bacteria, but because of their well morphological
developed and cultural characteristics, actinomycetes have been considered as a
group which separate is from the other ordinary bacterial groups (Cummins and
Harris, 1954; Das et al., 2008)

Studies on various cell well structures of the actinomycetes spores during
germination have been limited to the Streptomyces (Kalakoutswl and Agre
1973). The Streptomyces forms endospores which proceed in a similar way to
those of Bacillus, a fresh wall layer being synthesized within the cortex of the
spore and extending to form the germ-tube wall. In a study of Streptomyces
species, the spores had a two-layered wall and the inner one was extended to
form the new germ-tube wall. It is not clear if this layer is lately formed
throughout germination or if it is created by reorganization of wall material
existing in the latent spore. Moreover, when grown on a solid surface, the
actinomycetes branches form a complex of hyphae growing both on the surface
and undersurface of the agar. The one which grows on the surface is called
“aerial hyphae” while the one growing undersurface is identified ‘“substrate
hyphae”. The present septa normally divide the hyphae into long cells (20 mm)
possessing numerous bacterial chromosomes. These aerial hyphae that expand
above the substratum reproduce asexually. Most of actinomycetes species are

non motile, but when the motility is present, it is confined to flagellated spores
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(Sharma et al., 2014). Actinomycetes are classified as actinobacteria which are
characterized with Gram-positive and their high guanine-plus-cytosine DNA
content about (69—73 mol %); with extensive of substrates branching and aerial
mycelia present. Furthermore, the taxonomy of actinomycetes is summarized in

(figure 1.2), (Williams et al., 1983; Williams et al., 1989).

—
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Actinopolysporineae

Figure 2.1: Taxonomy of the actinomycetes with all 13 suborders, (Mahajan and
Balachandran, 2015)

1.2.5 Isolation of Actinomycetes

The practice has revealed that the discovery of previously unknown and
important natural bioactive compounds takes place when novel selection systems
are used. The isolation of actinomycetes from mixed micro flora found in the
nature is difficult because of their features with a slow growth relation to that of
the other soil bacteria; however, there are several technologically important

options used for the isolation of actinomycetes (Chavan Dilip et al., 2013).
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1.2.5.1 Choice of Substrate

Isolation of actinomycetes from soils, freshwater and marine environment
has been reported. There should be some differences between organisms
obtainable in marine and earthly environments. In the course of screening of
actinomycetes isolated from the shallow sea area, some antagonistic
actinomycetes, such as xanthomycin producing actinomycetes, have been
isolated more frequently than from terrestrial soil. A small number of these
actinomycetes were found to be late and produce either new antibiotics or new
bioactive substances under especially devised conditions. Thus, the isolation of
actinomycetes from marine areas gives us another foundation for discovering
new actinomycetes and novel antibiotics (Chavan Dilip et al., 2013).
1.2.5.2 Selective Media

Bacteriostatic and fungistatic chemical agents such as phenol and sodium
propionate have been mixed into the isolation media to inhibit or reduce the
growth of bacteria and molds and thus favor actinomycetes growth. But such
amendments at allowable concentrations frequently let the growth of
contaminants and at higher levels may also prevent actinomycetes growth. Chitin
agar with mineral salts is extra efficient than that without mineral salts for
isolating actinomycetes from water. Chitin agar exhibited selectivity superior to
that of other media for isolating actinomycetes from water and soil (Carlsen et
al., 1996).
1.2.5.3 Incubation

The popular of antibiotics producing actinomycetes species grow most
excellent between 25 to 30°C. Thermopiles are incubated at 40 to 45°C and
psychrophiles at 4 to 10°C. Incubation times for the isolation of plates are
typically from 7 to 14 days. Longer incubation times have often been unnoticed

because of the slow growing actinomycetes would be inappropriate candidates
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for trade and industrial fermentation, however, the early growth of some species
of bacteria can modify the nutrient environment of the isolation plate by
supplying with growth factors. For the isolation of new actinomycetes species
incubation time may be extended to one month (Chavan Dilip et al., 2013).
1.2.5.4 Colony Selection

Choosing the colony for the isolation process is the major time consuming
scheme. It depends upon the aims of the screening plan, and there might be much
duplication of the colonies in the screening protocol. For the isolation of the
microorganisms, extra rational ways must be applied. The regular researchers
now select candidate colonies by using a stereomicroscope and transferring
growth with the help of a sharp wooden stick. Tiny colonies can be distinguished
and chosen. The rough wooden points carry enough spores or hyphal fragments
to provide a successful transfer. The site of sample collection, enrichment
techniques objective, knowledge about the secondary metabolite of an isolate
and the aim of culture media formulation would lead to the isolation of new and
potential isolate strains (Collins et al., 1995).
1.2.6 Identification of Actinomycetes

Numerous actinomycetes species are growing on the ordinary
bacteriological media, used in the laboratory such as nutrient agar, blood agar,
trypticase agar, starch casein agar and brain heart infusion agar.
Sporoactinomycetes require special media to allow segregation and the
improvement of characteristic spores shape and pigment production. However, a
number of these media do not exist commercially and must be prepared in the
laboratory using colloidal chitin, decoctions of plant materials and soil extract.
Pale, hard colonies and shiny Streptomyces species on nutrient agar can be
distorted into light yellow colonies with a chalky white aerial mycelium and

spirals of arthrospores when the organism is sub-cultured in a more appropriate
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growth medium, such as oatmeal or inorganic salts starch agar. Outgrowths from
a spore or fragments of mycelium expand into hyphae that enter the agar
(substrate mycelium) and hyphae that branch frequently and become covered
together on the surface of the agar to form a leathery and tough colony. The
composition of the medium determines the density and the regularity of the
colony. Nocardio from actinomycetes reveal fragmentation, the hyphae breakup
into rods and cocci and form elastic or friable colonies (Ayakkanu and
Chandramohan, 1971; Chavan Dilip et al., 2013).

In actinomycetes classification and characterization, phenotypic and
phylogenetic methods are involved as a polyphasic taxonomic approach (Tan et
al., 2007). These include morphological, biochemical and physiological
characterization in phenotypic approach; while molecular methods are in
phylogenetic characterization part.

According to Shirling and Gottlieb (1966) methods for Streptomyces
isolation and characterization, the essential observation should concern the
cultivation of cultures on various media; yeast extract — malt extract agar (ISP2),
inorganic salts — starch agar (ISP4), oatmeal agar (ISP3) and glycerol —
asparagine agar (ISP5). Growth and morphology of Streptomyces species are
seen when cultures become mature with serious spore mass in order to determine
aerial spore mass color, substrate mycelium and diffusible pigment color
production (Williams et al., 1993). Beginning differentiation could be completed
by color grouping when dealing with a great quantity of different isolates.
However, this group of actinomycetes fell into the same group with comparable
morphological and physiological properties based on their color alignment.

Morphological observation deals with sporophores morphology as it is
well thought-out stable and evidently defined feature for actinomycetes

classification. However, this is only suitable without the incidence of strain
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degeneration appropriate to subculture or improper maintenance (Pridham et al.,
1958). In some strains of certain genera such as Streptomyces, the colony
becomes covered with free, straight hyphae bounded by a hydrophobic cover that
grow into air left from the colony (aerial mycelium). These hyphae are originally
white, but form diverse colors when spore creation begins. Colonies appear
velvety or powdery and readily distinguished from the more characteristic
bacterial colonies. Streptomyces species own chain of spores on its aerial
mycelium, which are normally absent from the substrate mycelium. These spores
are arthrospores, usual segments of hyphae with a thicken spore wall bounded by
a hydrophobic sheath that may stand hairs or spin (Burman, 1973; Chavan Dilip
et al., 2013). The principles of identification are the isolation of colonies an
aerobically grown on blood agar or egg containing media, followed by
identification through biochemical tests with the modern taxonomic tables and
molecular methods will greatly assist in the identification of the most
challenging actinomycetes species (Sarkonen et al., 2001).

1.2.7 Optimizing Production of Bioactive Compounds from Actinomycetes

Enhancing the production of any bioactive compound from actinomycetes
species was normally achieved by a variety of physicochemical, molecular,
nutritional, immobilization and mutational regulated processes. Regulation and
operating of physicochemical and nutritional variations for the maximum
production is a fundamental and classical technique to augment the production.
In addition, genetic engineering, mutations, and immobilization techniques are
effective tools to enhance the production. Modern advances prepared in software
and bioprocess tools results a number of highly integrated software based
techniques to attain the maximum production of the end product in any

bioprocess or fermentation. Response Surface Methodology (RSM) with an
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appropriate statistical plan is one of the modern and important techniques to
achieve this goal (Chang et al., 2002; Aghaei Kohazani et al., 2012)

A large number of actinomycetes species especially Streptomycetes have
the ability to grow on nutrient agar, Muller-Hinton agar and trypticase soy agar
with calcium chloride for the production of desired bioactive compounds (Busti
and Yushi, 2006), as well as each of the carbon and nitrogen sources.
Furthermore, oxygen, temperature pH, ions and some other precursors play
pivotal roles and can affect the production of bioactive compounds from isolated
actinomycetes species (Rafieenia, 2013).

Media composition has the most important impact on the production of
antibiotics and other bioactive compounds, especially relating with both glucose
and phosphate, known as suppressors for the production of some metabolites
process. However, strategies to realize novel biologically active secondary
metabolites are extremely reliant on the culture conditions. In order to determine
how these bioactivities of a broad collection of actinomycetes changed according
to growth conditions, and to investigate chemical or growth supplements ability
to trigger antimicrobial production, the productivity of the collected species
grown under disparate conditions and with the addition of various additives was
assessed; starch (1% w/v) ,Peptone (0.8% w/v) and also with pH 10 in particular
were found to be the most efficient conditions for activating the production of
antibiotic among the 40 assessed conditions. All the conditions are without
difficulty available at a low cost, with minimum batch to batch variation
(Sanchez et al., 2010; van Wezel and McDowall, 2011).

The enhanced production related to the improvement in yield amount or
value of yield greater than the former obtained by some strategies is followed.
Commonly fermented yield can be enhanced by a suitable fermented design,

optimization of process parameters, media optimization and recombination in
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microorganisms (Ren et al., 2013). Furthermore, improvement of the strain used
in the study was done by different strategies like immobilization and mutation

(Hag and Ali, 2006).

1.2.8 Importance and Diversity of Secondary Metabolites Produced by
Actinomycetes

Secondary metabolites are the byproduct of actinomycetes
microorganisms which are organic compounds that thought to be indirectly
involved in normal growth curve, reproduction and development of the
producing microorganism (Martin et al., 2005). Microbial secondary metabolites
have potential applications in many fields such antimicrobial agents, enzyme
technology, pigment production, antitumor agents against cancer cells and
production of toxins. Approximately, 7000 compounds were reported in the
glossary of natural products from actinomycetes secondary metabolites (Jensen
et al.,, 2005). Therefore, actinomycetes are the vast attention to industry
manipulation because of their capability of producing significant secondary
bioactive metabolites. Streptomyces is the genus considered as the largest genus
for antimicrobial producing agents. Moreover, it accounts for 80% of the

actinomycetes derived from natural products (Goodfellow and Fiedler, 2010).

Although thousands of antimicrobial compounds also have been reported,
these are thought to be characterized only as a small fraction of the list of
bioactive compounds that members of the Streptomyces genus were capable of
producing it (Watve et al., 2001). However, it has become more and more
difficult to discover new secondary metabolites from common actinomycetes as
the most screening efforts lead to be the expensive rediscovery of known
bioactive compounds, as well as several attempts deal with this trouble include

the careful isolation and screening program for the rare actinomycetes
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(Goodfellow and Fiedler, 2010).The innovation of the aminoglycoside
gentamicin produced by Micromonospora echinospora and Micromonospora
purpurea stimulate the interest in screening for non-streptomycete genus from

actinomycetes genera to obtain the novel antibiotics (Abou-Zeid et al., 1978).

These screening operations were productive and with a huge array of
antimicrobial compounds isolated from non-streptomycete species. Several
Amycolatopsis and Actinomadura species were found to produce vancomycin-
type glycopeptides. Napthacene-quinone and macrolactam antimicrobial also
have been isolated from Actinomadura species, whilst a number of macrolide-
type antibiotics have been found by Saccharopolyspora and Micromonospora
strains (Moncheva et al., 2002). Separated from antimicrobial compounds,
actinomycetes also produce other efficiently significant compounds, including
immunomodulators, vitamins and enzymes used in industry as the biocatalysts in

wide ranges (Moncheva et al., 2002).

The secondary metabolites produced by some species of actinomycetes in
addition to discovering their application in the treatment of many useful fields
such cancers and autoimmune disorder were also reported (Genilloud et al.,
2011; Lucas et al., 2013). On the other hand Lucas et al. (2013) reported that
currently there are more than 2,400 different biologically bioactive secondary
metabolites produced by Streptomyces species, Furthermore Genilloud et al.,
(2011) described that the scientists and researchers think that there could be quite
a lot of more secondary metabolites with other different therapeutic activities to
be explored and discovered. Finally, some of the newly discovered bioactive

compounds from actinomycetes species are listed in (Table 1.1).
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Tabel 1.1: Recently discovered biologically bioactive compounds from actinomycetes

Bioactive Actinomycetes Potential use References
compounds
BE43472A Streptomyces strain Antibacterial Rahman et al., 2010

(N1-78-1)

Citreamicin delta | Streptomyces vinaceus Antitumor Hopp et al., 2008

Dynemicin Micromonospora Antitumor Peietal., 2010
chersina

Lenticulone Streptomyces sp JP 95 Antibacterial Yun et al., 2009

Lecensimycin D

Streptomyces lucencis
MA 7349

Antibacterial

Singh et al., 2009

Mediomycin B Streptomyces antifungal Cai et al., 2007
mediocidicus

Rapamycin Streptomyces Immunosuppressant | Nicolaou et al., 2009
hygroscopicus

Sansamycin A Streptomyces sp SS Antibacterial Xietal., 2007

1.2.9 Application of Actinomycetes Secondary Metabolite Products

The concentration on the actinomycetes

in the biotechnological

applications is as a result of their naturally great metabolic variety of these
organisms and their long involvement with the environment. Actinomycetes are
a unigue collection of prokaryotes microorganisms having diverse
morphological, biochemical, cultural and physiological characters. This group of
microorganism is a prospective producer of a large number of biologically
bioactive compounds such antimicrobial substances, immunomodifiers, enzyme
inhibitors, enzymes and growth promoting compounds for animals and plants
(Collins et al., 1995; Chavan Dilip et al., 2013) as presented in (Figure 1.3).
Among the actinomycetes species, Streptomyces is recognized as a main mumber

of the antimicrobial derived antibiotics (Boonlarppradab et al., 2008).
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4.4

Figure 1.3: Biotechnological applications of Actinomycetes, (Dharumadurai and
Yi, 2016).
1.2.9.1 Antitumor Compounds from Actinomycetes
Chemotherapy is one of the major treatments used to battle against cancer;
and great quantities of antitumor compounds are in natural origin as a whole or
their derivatives, mostly formed and produced by microorganisms, especially,
actinomycetes are the producers of a huge number of natural products with
different biological bioactive properties, as well as antitumor properties (Olano
et al., 2009). These discovered antitumor compounds belong to numerous

structurally different classes such as anthracyclines, indolocarbazoles, enediynes,
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macrolides, isoprenoides and non-ribosomal peptides, and they exhibit antitumor
activities by producing apoptosis through one of the appropriate mechanisms.
Such DNA cleavage is mediated by topoisomerase | or Il inhibition. Inhibition
of key enzymes is concerned with signal transduction like proteases,
mitochondria permeabilization, or cellular metabolism and in some cases by
inhibiting tumor-induced angiogenesis (Olano et al., 2009). Furthermore, some
antitumor compounds were isolated from a Streptomyces strains perform by
intercalating with DNA duplex, which leads to harmful effects on rapid
proliferating cells by inhibiting the DNA dependent RNA polymerase actions
(Wadkins et al., 1998).

In the study of Boonlarppradab et al. (2008), they isolated Streptomyces
from marine sediments that produced two new spiroaminals, marineosins A and
B which had significant inhibition of (HCT-116) human colon carcinoma in an
in vitro assay and showed activities in various cancer cell lines. Conventionally,
antitumor compounds for treatment of the cancerous cell are either taken from
natural products or produced by chemical modifications of a natural compound
product (semi-synthetic antitumordrugs). Natural products are the most
constantly successful sources of drug safety; and from all the 175 antitumor
discovered drugs between1940s to 2006, only 42% of them are either natural
products or compounds derived from them. On the other hand, many antitumor
discovered drugs are natural products isolated and purified from microorganisms
(in particular from actinomycetes) or growing plants in ecological niches (Gullo
et al., 2006; Newman and Cragg 2007; Itokawa et al., 2008).

1.2.9.2 Actinomycetes Application in the Environmental and Ecosystem
Fields

Actinomycetes have numerous roles in the environment. Such

streptomycetes are saprophytic bacteria that decompose organic matter,
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especially complex polymers such as chitin, keratin, hemicelluloses, natural
rubber, lignocelluloses, pectin, starch and constantly some synthetic compounds
that may enter the soil as contaminants (Goodfellow and Williams, 1983;
Crawford et al., 1993). Actinobacteria are also imperative in the rhizosphere
relationship, where they may control plant growth and defend plant roots against
attack by many pathogenic fungi (Goodfellow and Williams, 1983).

The possible role of actinomycetes as a biological control agent of soil-
borne root diseases in produced plant has been investigated, mostly in
greenhouse experiments. Furthermore, several Streptomyces species (in addition
to a few other actinomycete genera) have been revealed to guard different plant
species against soil borne pathogenic fungal disease. A number of genra have
also been shown to produce insecticidal and herbicidal bioactive compounds
(Crawford et al., 1993). Correspondingly, members of the actinomycetes such
Frankia can fix nitrogen in the soil. They have a wide host variety and have been
revealed to show root nodule symbioses with more than 200 species of flowering

plants (Clawson et al., 2004).

1.2.9.3 Actinomycetes as Agents of Biodegradation and Bioremediation

The published report of Zhou and Zimmermen (1993) summarizes the
responsibility of actinomycetes as a manager of decolorization in manufacturing
effluents containing synthetic reactive dyes as water-soluble. It exhibited the
capacity of actinomycetes in decolorizing between 17% up to 73% of the
effluent and by decolourization or adsorption of the dyes to the cells. Azo dyes,
anthraquinone, azo-copper complex, phthalocyanine dye and formazan-copper
complex and were among the included dye which documented in their report.

Actinomycetes isolated from soil and correlated substrates illustrate a

primary biodegradative action, secreting a collection of extracellular enzymes
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and exhibiting the ability to metabolize intractable molecules. Moreover,
compost is a procedure that heavily depends on such actinomycetes prolific
activity, however, among soil actinomycetes; there are examples of diverse
strategies, from cycles of quick proliferation and sporulation to the preservation
of the populations by extending slow growth and scavenging (McCarthy and
Williams, 1992). Actinomycetes are also responsible for pesticides degradation
with a variety of different chemical structures, including organochlorines,
triazinones,  s-triazines,  organophosphates, = carbamates,  acetanilides,
organophosphonates, and sulfonylureas (Nawaz et al., 2010). Native soil
actinomycetes was reported to degrade the herbicide in the soil, especially
Durian (D’Esposito et al., 1998).

Among the actinomycetes species, Streptomyces were established to be the
main and followed by Micromonospora, Nocardia, Actinoplanes, Actinomadura
and Dactylosporangium with the novel rubber-degrading in Gordonia species
from fouling water within a tire in a deteriorated automobile (Linos et al., 2002).

1.2.9.4 Potential Enzymes from Actinomycetes

Enzymes are present in nature. A wide diversity of microorganisms
survives the secret extracellular enzymes compounds that can demean a lot of
polymer forms of compounds. Actinomycetes produce numerous enzymes,
which are or could be useful in biotechnology applications, medical therapy and
clinical chemistry. As traditional themes, they are recognized as antimicrobial
producers and at the present being explored on the huge rate for the production
and manufacturing enzymes. A diversity of enzymes of profitable importance are
identified to be formed by the actinomycetes such as protease, catalase, amylase,

carbohydrases and cellulose (Prakash et al., 2001).
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Actinomycetes play pivital role in the providing many enzymes for a lot of
biotechnological and manufacturing bioprocesses. Thus, glycosidases of all
kinds are exploited for the deprivation of plant biomass and very active proteases
serves as additives to detergents or are used in the tanning industry. Glucose
iIsomerases have been successfully used to obtain fructose-heavy syrups.
Moreover, mycolytic enzymes and bacteriolytics isolated and purified from
actinomycetes may be used for beer and wine clarification or serve as non-toxic
food preservatives. Enzymes produced by actinomycetes also seem to be very
promising as immobilized preparations for regular clinical diagnostic tests
(Abdullah et al., 2008). Actinomycetes enzymes are the most significant yield
after antibiotic production. Microbial enzymes are broadly used in food
processing techniques, detergent manufacturing, pharmaceutical industries, the
textile, medical therapy, molecular biology and bioorganic chemistry
(Peczynska-Czoch and Modarski, 1988).

Actinomycetes were best known as antibiotics sources for many years.
Recently, they also have been detected to be a potential source of a wide range of
important enzymes. Rifaat et al. (2005) investigated twenty producing cellulase
free-xylanase Streptomycetes strains isolated from Egyptian soils. Among them,
only two strains were mostly active and identified as Streptomyces chromofuscus
and Streptomyces albus. The augmentation of the enzyme activity was found
when both isolates grown on yeast extract medium. Optimum production of
xylanase was recorded after five days of fermentation. Xylanase produced with
Streptomyces chromofuscus showed an advanced bleaching activity than that
from Streptomyces albus. The enzyme improved the release of reducing sugars,
which enhanced pulp bleach ability. Actinomycetes are able to synthesize

enzyme inhibitors with a low molecular weight. The first low molecular weight
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enzyme inhibitor was produced by a streptomycetes strain; more than 60
inhibitors were obtained by the researcher, including leupreptins, which inhibit
plasmin, papain and trypsin. Antipain inhibits papain; trypsin, chymotrypsin and
cathepsnin B. Enzyme inhibitor compounds are found to be probably useful in
cancer treatment. e. g. revistin, an enzyme inhibitor isolated from Streptomyces
species which inhibited reverse transcriptase. Retrostatin and Streptonigrin were
synthesized by Streptomyces strain inhibit reverse transcriptase (Goodfellow et
al., 1988).

1.2.9.5 Immunomodifiers Agents

Low molecular weight compounds have been isolated from filtrated
culture of actinomycetes species, which improve immune responses, and these
were called “immunomodifiers”. Enzymes inhibitor, located on the surface of
cell concerned in immunity, may bind to such cells and enhance immune
responses. Bestatin was isolated from Streptomyces olivoreticuli, phenicine from
Streptomyces lavendulae and amastatin from Streptomyces ME 98-M-3, all of
them showed enhancement to the immune responses in mice.
Immunosuppressive agents such as FR-900506 which reported by Fujisawa
pharmaceutical company, produced by Streptomyces tsukubaensis  showed
strong inhibiton against interleukin-2 production, cytotoxic-T cells mixed
lymphocyte reaction, interferon, and platelet activating factor-C induction
(Drouin and Cooper, 1992).

1.2.10 Identification and Profiling of Bioactive Compounds Produced by
Actinomycetes

Numerous screening programs have been approved and resulted in finding
thousands of bioactive compounds from microbes. Therefore, a new method is
needed to decrease the probability of rediscovering of recognized compounds
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(Busti et al., 2006). Systematic methods or an original technology in the search
for new medicine candidate compounds should be applied, so that the processes
carried out are ineffective. These methods can be completed with the submission
of analysis to recognize and reduce the secondary metabolites which are
previously known in the research process as early as possible; this analysis is
also called “dereplication” (Newman et al., 2006; Baltz et al., 2008).
Dereplication is a method for screening by comparing secondary metabolites or
compounds that are previously known to the suspected novel compounds, so
there is no duplication of research for the results or the identical compound
(Lang et al., 2008). Several methods with spectroscopic analysis play an
imperative role in the development of the innovation of antimicrobials, and these
analyses can be used untimely in the process to detect the presence of certain
compounds in the extract. Numerous spectroscopic approaches have been
applied to reach the dereplication importance such as high performance liquid
chromatography, HPLC (Tormo et al., 2003), Nuclear magnetic resonance NMR
(Lang et al., 2008), and Liquid chromatography—mass spectrometry LC-MS
Cremen and Zeng 2002; Genilloud et al., 2011, and finally Infrared radiation
(IR) which can also be used for dereplication. This is because the presence of
two different molecules with different chemically structures will produce a

different IR spectrum (Silverstein et al., 1981).

1.2.10.1 Thin Layer Chromatography (TLC)

Thin layer chromatography is the most familiar and efficient technique
method used for the detection, analysis and separation of the bioactive
compounds, so it is probably that 60% of the analyzed compounds are performed
based on TLC over international. Thus, it is important to know the basic

operation and performance of the TLC protocol (Maitland et al., 2010). Thin
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layer chromatography has been important for the separation of secondary
metabolites, Polyphenol, saponin, alkaloids, flavanone, flavanoid, aromatic
amines, amino acids, alcohols, acids, glycols, proteins, amides, antibiotics,
peptides, pesticides, bile acids, vitamins and porphyrins in soft drinks. Steroids
such as sterols, cholesterol, sterone, estrogen, hormones, bile salt progesterone
and synthetic steroids such as oxandrolone, mifepristone, other steroid
nandrolone, stanozolol, dromostanolone, are defined as unlawful and are
disqualified in sports, especially of Olympic Games which are also analyzed by
using TLC (Bhawani et al., 2012).

Thin layer chromatography is generally regarded as a simple, inexpensive
and rapid technique for the separation, visual semi quantitative assessment and
tentative identification of a broad diversity of substances. Recently, TLC has
become important to competitors with HPLC and GC in its capability to
determine difficult mixtures and to supply quantitative results. The development
of the performance has included improvements in quality of the thin layer
chromatography plates and application reagent detection techniques, the preface
of new stationary phases and approaches in plate development, as well as the
design of densitometry scanning and sample application (Striegel et al., 1996).
The low cost and the qualified speed of analysis were considered as the main
advantages of thin layer chromatography, and the materials needed to do the
TLC are minimal including a development chamber, chromatographic plates,
suitable solvents, developed reagents, and orientation materials. The main
disadvantages of thin layer chromatography include its minor sensitivity in a
comparison to other methods, such as HPLC or GC and it need to a larger

sample size (Selvameenal et al., 2009).

28



Chapter One Introduction and Literature Review

1.2.10.2 Bioautography

Large numbers of secondary metabolites are produced during the
fermentation process from produced microbes; however, the real bioactive
compound fraction among these products needs to be documented.
Bioautography helps in the rapid and straight detection of active antimicrobial
metabolite compounds in microbial fermented culture broth by applying it on the
TLC plate and determination of their R¢values (Rahalison et al., 1991; Navarro
et al., 1998). Bioautography is simple, somewhat sensitive, simple to perform
and not expensive. It allows bioassay-directed fractionation and position
localization of bioactive compounds from complex microbial mixture and a plant
extracts mixture (Hamburger and Cordell 1987; Shahverdi et al., 2007). The first
time paper chromatography was used followed by bioautography for the
estimation of penicillin purity was applied by Goodal and Levi (1946).
Bioautography is predominantly important to keep away from the time-
consuming for the isolation of inactive compounds. Thin layer chromatography
bioautographic methods come together with chromatographic separation
and activity determining which facilitate the localization and target-directed
isolation of active constituents in a mixture (Shahverdi et al., 2007).

The quantity and number of bioautographic assays have been improved. In
general, they can be divided into three main groups as described by Rios et al.,
(1988). These groups include direct bioautography; where the interested
microorganisms directly grow on thin-layer chromatography (TLC) plates, the
second one is contact bioautography; where the antimicrobial compounds are
transferred from the TLC plate to an inoculated agar plate through direct contact,
and finally agar overlay or immersion bioautography; where a seeded agar
medium is applied onto the TLC plate. The last technique can be considered as a
hybrid of direct and contact bioautography (Islam et al., 2003).
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1.2.10.3 High Performance Liquid Chromatography (HPLC)

In distinguishing between thin layer chromatography (TLC) and high
performance liquid chromatography (HPLC), both are similar in their expression
and with the same of the mobile phase, the stationary phase, and the separation
mechanism, and both TLC and HPLC are considered as a complementary
technique, while HPLC is considered as more efficient than TLC in separating
components. Furthermore, the HPLC system is a closed system which allows a
better control of the mobile phase velocity (Striegel and Hill, 1996).

Extra newly high performance liquid chromatography and its supercritical
fluid chromatographic methods are based either on derivatives diastereomeric of
DAP (El-Waziry et al., 1996; Kudo et al., 1998), chiral mobile state (Wiseman
and Nichols 1984) and chiral stationary state (Nagasawa et al., 1993;
Medvedovici et al., 1996). All of these methods have not been useful for
bacterial culture, while some of them are inappropriate for multifaceted amino
acid mixtures, else having a sample preparation process which is uninteresting
and prolonged (Kudo et al., 1998).
1.2.10.4 Elucidation of the Structure

Structure elucide isolation and structural elucidation of natural compounds
are both considered as an expensive process and time-consuming. However,
dereplication is a significant step with the intention to differentiate between
unknown and known isolated compounds. Moreover, it is a result of allowing
exclusion of existing compounds at an early stage. In addition, there are different
modern technologies which until that time compounds observed in semi- purified
culture can be recognized, and the advantage of using these techniques is that

those compounds are not highly purified (Hostettmann et al., 2001).
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This allows researchers to differentiate among known compounds and
novel molecules directly from the crude extracts,. Thus, the boring and hard
isolation of known compounds can be avoided, and at the same time, a targeted
isolation of presenting new compounds or abnormal structures can be
undertaken. These techniques include HPLC-MS, HPLC-MS/MS, HPLC-DAD,
HPLC-NMR, HPLCMS-NMR, LC-NMR, LC-DAD-MS (Hostettmann et al.,
2001; Schneider et al., 2006). Tondeur et al., (1984) used techniques to monitor
the toyocamycin synthesis at all stages of fermentation, in which HPLC coupled
with electrospray ionization tandem mass spectrometry that confirmed an
important dereplication method in the program of screening new antibiotics.
Besides, the combination of liquid chromatography with tandem mass
spectrometry (HPLC-MS/MS) has led to novel strategies by which bacterial
culture extract and plant crude extract are screened to get information as much
as possible about known structures with high selectivity and sensitivity
(Bringmann et al., 2001; Schneider et al., 2006).

1.2.11Future Prospect of the Actinomycetes

The secondary metabolites discovered from actinomycetes are unrivaled
and unmatched in medical significance. Moreover, actinomycete remains as the
main source of clinically important antibiotics, most of which are too difficult to
be synthesized by combinatorial chemistry (Baltz, 2008; Kekuda et al., 2010).
Structurally and functionally diverse bioactive compounds have been isolated
from actinomycetes as antibiotics with antibacterial, antiparasitic, antifungal,
anti-tumor and anti-viral activity. Popular actinomycetes that are potential drug
sources remain uncultivable, and therefore, inaccessible for novel antibiotic
discovery. Less than one fraction in 10'* of the earths’ soil has been screened for

actinomycetes (Baltz, 2004). About 1-3% of the Streptomycete antibiotics has
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been revealed and the remaining 97-99% needs recent technologies for
screening, enrichment and selection of actinomycetes (Clardy et al., 2006;
Goodfellow, 2010).

The public health officials consider the current state of available
antibiotics to be perilous, as some organisms are close to having complete
resistance to all commercially available antibiotics. Fortunately, new antibiotics
are constantly being discovered from Streptomyces. Also, older drugs that were
not deemed suitable for use are being re-examined. In some cases, they are being
chemically modified. This can cause them to have new abilities to inhibit other
microorganisms (Donadio et al., 2010). No doubt, actinomycetes represent the
biggest possibility to obtain further medically, agriculturally and industrially
valuable compounds which may serve as direct or indirect drugs leading
compounds for structural modifications and templates for the rational drug
design and other derivatives. Chemical diversity of bioactive compounds,
particularly from uncommon actinomycetes, is promising. However, detection of
bioactive actinomycete taxa requires in-depth thinking of their accurate diversity
and eco-physiology through which target directed isolation strategies can be
implemented (Kurtboke, 2012; Bull and Stach, 2010). As long as the major
challenges in biotechnology and biomedicine remain (e.g. emerging diseases,
antibiotic resistance, established diseases, environmental pollution and need for
renewable energy), microbial income will be of interest to providing sustainable
and environmentally friendly solutions. Actinomycetes and their bioactive
compounds show an antibacterial and antimicrobial activity against various
pathogens and multi-drug resistant pathogens e.g vancomycin resistant
enterococci, methicillin resistant Staphylococcus aureus, Shigella dysenteriae,
Klebsiella sp., Escherichia coli, Pseudomonas aeruginosa etc (Selvameenal et
al., 2009; Singh et al., 2012).
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2. Materials and Methods
2.1 Materials
2.1.1 Apparatus and equipments

The following apparatus and equipments were used in this study:

No. Equipment Company/ Origin

1 Autoclave Lab. Tech/ Korean

2 Centrifuge (macro) Sigma/ USA

3 Incubator Sigma/ USA

4 Magnetic stirrer Lab. Kits/ China

5 Analytical balance Sartorius / Germany

6 | Water bath Clifton / Great Britain

7 Compound microscope Zeiss/ Germany

8 Oven Memmert/Germany

9 Shaking incubator Lab. Tech/ Korean

10 | Eppendorf bench centrifuge Sigma /USA

11 | Deep freeze -80C °C Lab-kits/ China

12 | Laminar air flow hood Lab. Tech / Korean

13 | Micropipettes Eppendorf/USA

14 | pH-meter Martini/ltaly

15 | Refrigerator Beko/Turkey

16 | Vortex Lab. Tech/ Korean

17 | Spectrophotometer Lab. Tech / Korean

18 | Gas chromatography (GC-MS QP-2010) | Shimadzu Instruments/

Japan

19 | High Performance Liquid Waters 2545/USA
Chromatography (HPLC-MS)

20 | High-Content Screening Array Scan Thermo Scientific /USA

21 | TLC Aluminum Sheet Of Silica Gel Merck co, USA

22 | U.V Trans illuminator Cleaver /England

23 | Whatman No. 1 filter paper Sigma /USA
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2.1.2 Biological Media and Chemicals
The following chemicals and biological media used in the study.

2.1.2.1 Cultural Media were used in the Study, Lab. prepared

No. | Media name Abbreviation | Composition Amount
1. Tryptone-yeast ISP1 Tryptone 5 gm
extract broth Yeast Extract 3gm
(Shirling and Distilled water liter
Gottlieb, 1966) pH 7.0 to 7.2
Preparation condition 121°C, 15 Ib and 15minutes
2. Yeast extract-malt ISP2 Yeast Extract 4 gm
extract broth Malt Extract 10 gm
(Shirling and Dextrose 4 gm
Gottlieb, 1966) Distilled water 1 liter
pH7.3
Preparation condition 121°C, 15 Ib and 15minutes
3. Inorganic salts- ISP4 soluble starch 10 gm
starch broth
K2HP04 1 gm
MgS04.7HzO 1 gm
NaCl 1 gm
(NH4)2504 2 gm
CaCo03 2 gm
Trace salt s 1 ml
solution
Distilled water 1 liter
pH between 7 and
7.4.
Preparation condition 121°C, 15 1b and 15minutes
4. Glycerol-asparagine ISP5 L-asparagine 1 gm
broth Glycerol 1 gm
(Shirling and K2HP04 1 gm
Gottlieb, 1966) Trace salt s 1ml
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solution
Distilledw ater 1 liter
pH between 7. 0-7.
4,
Preparation condition 121°C, 15 1b and 15minutes
5. Glycerol yeast GYE Yeast extract 2gm
extract broth Glycerol 10ml
(Abussaud and Distal water 1liter
Saadoun, 1991) pH between 7.0
and 7.2
Preparation condition 121°C, 15 1b and 15minutes
6. | Trace salt solution FeS04. 7Hz0 1 gm
(Shirling and MnCl,. 4H20 1 gm
Géttlieb, 1966) ZnS04.7Hz0 1 gm
Distilled water 1liter

2.1.2.2 Culutral Media were used in the Study (Redy to use)

No. | Media Abbreviation Company/Origin
1 Starch casein agar SCA BDH/England
2. | Nutrient agar and Nutrient broth | NA and NB BDH/England
3 Eosin methylene blue EMB BDH/England
4 Potato dextrose agar PDA BDH/England
5 Saborate dextrose agar SDA BDH/England
6 Mueller Hinton agar MHA BDH/England
7 Mannitol salt agar MSA BDH/England
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2.1.2.3 Chemical Materials used in the Study

No. | Chemicals Company/Origin
1 Sodium dodecyl sulfate (SDS) Sigma/ USA
Ethylene diamine tetra acetic acid Sigma/ USA
(EDTA)
3 Proteinase K Sigma/ USA
4 TE buffer Sigma/ USA
5 1,1-Diphenyl-2-Picryl-hydrazil Sigma/ USA
(DPPH)
6 3-(dimethylthiazol-2-yl)-2,5-diphenyl Sigma/ USA
tetrazolium bromide(MTT) Stain
7 Acetone BDH/England
8 Ethyl Acetate BDH/England
9 Chloroform BDH/England
10 | n-Hexane BDH/England
11 | n- Butanol BDH/England
12 | Absolute methanol BDH/England
13 | Toluene Sigma /USA
14 | Ethanol Sigma /USA
15 | Glacial Acetic Acid Fluka/Switzerland
16 | Vitamin C Sigma/USA
17 | DMSO BDH/ England
18 | Cyclohexamide Sigma /USA
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2.1.3 Antibiotic Discs and Kits
2.1.3.1 Antibiotic Discs

Antibiotic Discs used in the Study

No. Antibiotics Abbreviation Manufacture
1 Amoxicillin AX Bioanalyse
2 Gentamicin CN Bioanalyse
3 Cefotaxime CTX Bioanalyse
4 Streptomycin S Mast diagnostics
5 Penicillin G PG Mast diagnostics
6 Vancomycin VA Mast diagnostics
7 Erythromycin E Mast diagnostics
8 Tetracycline TE Mast diagnostics
9 Methicillin ME Mast diagnostics
10 Amoxicillin/clavulanic acid AMC Mast diagnostics

2.1.3.2 Cellomics Multi-parameter Cytotoxicity 3 kit Composition used for
Cytotoxicity Activity

Kit Contents Concentration
Cytochrome C primary antibody 75 ul
DyLight™ 649 Conjugated Goat Anti-Mouse 1gG 72 ul
Mitochondrial Membrane Potential Dye 1 ea
Permeability dye 25 ul
Hoechst dye 30 ul
Wash Buffer (10X Dulbecco's PBS) 100 ml
Permeabilization Buffer (10X Dulbecco's PBS with 1% | 100 ml
Triton® X-100)

Blocking Buffer (10X) 85 ml
Thin plate seal assembly 7/pack
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2.2 Areas of the Study

A study area of this project has covered Garmian area —Kurdistan region-
Iraq, an area about (4.0873 Km?) which is about 0.94% of the total area of Iraq
(434.934 Km®). The area locates between (34°.11" - 34°.15" latitude and 44°.30°
45° 55" longitude), on the geographical coordinate (Azeez, 2013). This area is
located at the south of Sulaymaniyah, north of Diyala, and west of Kirkuk
Province, it also has border with Iran from the east; Kalar, Kefri and Khangeen

are considered as the main districts of Garmian area Figure (2.1 and 2.2).

Az-Sulaymaniyyah

SAUDI ARABIA

Figure 2.1: Location of Garmian area on the Iraqi map, which
shows borders, highlighted black area represents Garmian (From
Geographic Department, College of Education: Garmian
University).
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Figure 2.2: Map of the Garmian area that shows three main districts
(Kalar, Kefri and Khanageen) with all locations of the study area (From
Geographic Department, College of Education, Garmian University).

2.3 Methodologies

The current study was carried out in the laboratory of microbiology in
Kalar Technical Institute, and Part of this work was carried out in the Research
Lab. of the Biology Department in Faculty of Education, School of Scientific
Education; University of Garmian. The overall procedure for the isolation,
production, partial purification and studying both antitumorand cytotoxicity was
summarized in the flow chart (1.1).

39



Chapter Two Materials and Methods

Isolation,
Production
and

Extraction

250 gm soils; from forty different soil samples

Khanageen
(KH) 10
samples

Kalar (KA)
22 samples

(KE)

8 samples

l‘ Primary Screening Protocol \l

Choosing the most powerful isolates

-
-




Chapter Two

Materials and Methods

NMncet nnwiarfiil ienlata

Evaluating

Antioxidant activity

-
-

Comparing Extra and

- Intracellular
[ Optimization ]

antimicrobials activity

b. Optimum pH

“ c. NaCl tolerance >>

Partial
Purification
and Analysis

TLC; Bioautoraphy; Different
—> solvents; scraping active spot
HPLC-MS; For
>
a. Scraped spot b. Ethyl acetate extract
GC-MS; For
>
Ethyl acetate extract

a. Antitumor activities on cancerous
cell lines

—
Antitumor
activity
and HCS
—

b. HCS study on
MCF-7
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2.3.1 Samples Collection

All samples were collected randomly depending on farming and none
farming soil from three main districts Kalar, Kefri and Khanageen summarized
in Table (2.1, 2.2 and 2.3) during the period from 2™ Feb.to 15" Feb.2015. The

total collected samples were 40 soil samples as shown in Figure (2.3).

Table 2.1: Site, Number and Soil conditions were collected for the isolation of

locally actinomycetes in Kalar district.

No. | Site Sample no. | Abbreviated | Soil condition
1 Kalar 1 KA 1 Farming
2 Kalar 2 KA 2 Farming
3 Kalar 3 KA 3 None farming
4 Kalar 4 KA 4 None farming
5 Kalar 9 KA 9 Farming
6 Kalar 10 KA 10 None farming
7 Kalar 17 KA 17 Farming
8 Kalar 18 KA 18 None farming
9 Kalar 19 KA 19 None farming
10 Kalar 21 KA 21 None farming
11 Kalar 22 KA 22 None farming
12 Kalar 23 KA 23 None farming
13 Kalar 24 KA 24 None farming
14 Kalar 25 KA 25 None farming
15 Kalar 26 KA 26 Farming
16 Kalar 27 KA 27 Farming
17 Kalar 35 KA 35 Farming
18 Kalar 36 KA 36 None farming
19 Kalar 37 KA 37 None farming
20 Kalar 38 KA 38 Farming
21 Kalar 39 KA 39 Farming
22 Kalar 40 KA 40 None farming
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Table 2.2: Site, Number and Soil conditions were collected for the isolation

of locally actinomycetes in Kefri district

No. | Site Sample no. | Abbreviated | Soil condition
23 | Kefri 20 KE 20 Farming
24 | Kefri 28 KE 28 None farming
25 | Kefri 29 KE 29 None farming
25 | Kefri 30 KE 30 None farming
27 | Kefri 31 KE 31 Farming
28 | Kefri 32 KE 32 Farming
29 | Kefri 33 KE 33 Farming
30 | Kefri 34 KE 34 None farming

Table 2.3: Site, Number and Soil conditions were collected for the isolation

of locally actinomycetes in Khanageen district

No. Site Sample no. | Abbreviated | Soil condition
31 | Khanageen 5 KH 5 Farming
32 | Khanageen 6 KH 6 Farming
33 | Khanageen 7 KH 7 None farming
34 | Khanageen 8 KH 8 Farming
35 | Khanageen 11 KH 11 None farming
36 | Khanageen 12 KH 12 Farming
37 | Khanageen 13 KH 13 None farming
38 | Khanageen 14 KH 14 None farming
39 | Khanageen 15 KH 15 Farming
40 | Khanageen 16 KH 16 None farming
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Figure 2.3: Forty different soil samples were collected from (Kalar "KA",
Khanageen "KH" and Kefri "KE") for isolating locally actinomycetes.

2.3.2 Treatment of the Collected Samples

Two hundred fifty grams of soil samples was collected from the
regions mentioned previously at a depth ranged from 5 to 15 cm, and they were
kept in polyethylene bags 20x 40 cm. The soil samples were exposed to the air
for a week. Soil samples pretreated with CaCO3 at a ratio of 10:1 soil: CaCO3
and kept at ambient temperature for a week to enrich actinomycetes which
usually prefer alkaline conditions and also to reduce the contamination with
molds and yeast, as described by (EI-Nakeeb and Lechevalier, 1963 and
Abdulhameed, 2013).
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2.3.3 Isolation and Identification of Actinomycetes from Soil

One gram of dried and treated soil samples was used to make
suspension, by adding it to 99 ml of sterile distilled water (stock suspension),
The samples were shacking in a shaker at 120 rpm for 30 minutes at room
temperature. Serial dilutions from 10' to 10° were made from the stock
suspension and left for 10 minutes. After shaking, 0.1 ml of each dilution was
pipetted and put on supplemented Glycerol yeast extract agar (GYEA) with
Cyclohexamide 50 ug/ml and Streptomycin 50 ug/ml, then spread by a sterile
swab to make a uniform distribution of the suspension on the surface of the
media. The inoculated plates were incubated at 28°C for 7 to 14 days. Based on
cultural characteristics, suspected colonies of actinomycetes were selected for
being characterized as small, white, and pin-point, rough, chalky and a clear
zone of inhibition around them. The suspected colonies was subjected their
identification by types of Gram’s stain, aerial and substrate mycelium color,
pigment production and pigment color.The colonies were transferred from the
mixed culture into separate agar plates and incubated at 28+1°C for 7 days. In
order to obtain a pure growth of actinomycetes species, the last steps were
repeated several times. The pure culture was kept at 4°C until a further study,
(Abussaud and Saadoun, 1991 and Oskay et al., 2004).

2.3.4 Microbial Pathogens used for Antimicrobial Activities
The pathogenic microorganisms were used as reference strains for

testing the antimicrobial activities are listed in the table below,

Reference strain Source

Staphylococcus aureus ATCC 25923 Irbil medical center

Escherichia coli ATCC 25922 Sulaimani University- Biology Dept.

Candida albicans ATCC 10231 Irbil medical center
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2.3.5 Primary Screening for Antimicrobial Activities of Suspected
Actinomycetes

Initial screening (primary screening) for antimicrobial activities was done
by the cross-streak method, in which the isolated actinomycetes were used
against the three different microbial pathogens. The suspected actinomycetes
were streaked as across lines in the center of plates poured with Malt extract
yeast extract agar (ISP2) and inoculated plates were incubated at 28°C for 7
days. After the actinomycetes were completely cultivated, the tested bacterial
pathogens were streaked perpendicular to the actinomycetes, and then plates
were re-incubated at 37°C for 24 hours. The anatgonistics was observed by the
naked eye in which the reference strains failed to grow near the actinimycetes
line, (Oskay, 2009 and Kumar et al., 2012).

2.3.6 Secondary Screening Processes (Fermentation)

The positive results were obtained from the primary screening protocol.
Besides, it was ready to use the batch culture fermentation as well as agar well
diffusion assay was used to determining the antimicrobial activities of the

isolated actinomycetes. (Pallavi et al., 2013).

2.3.6.1 Stock cultures Suspension Preparation

The general inoculums suspensions were prepared by the procedure
described by Shirling and Géttlieb (1966). The full growth plates of isolated
actinomycetes 7 days age at 28°C were used in making bacterial stock culture
suspensions. One loopfull of spores with their mycelial growth was transferred
to a conical flask containing 250 ml of sterilized ISP2 , then incubated at 28°C
for 7days. The prepared stock solution was used as a stock culture to inoculate

all protocols used, and was kept at 4°C until next uses.
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2.3.6.2 Fermentation Condition

Secondary screening for the production of antimicrobial metabolites was
done by the inoculation of 1.5ml of prepared stock suspension cultures into 150
ml of production media and incubated at 29+1°C, 150rpm for 7days in a shaking
incubator. The process was carried out in the Biology department, Faculty of
Education, Garmian University, (Khan and Patel, 2011 and Pallavi et al., 2013).
2.3.6.2.1 The Best Media Composition for Antimicrobial Production

Different media were used for isolation and identification of
actinomycetes spp. Furthermore, to achieve the best types of media
(composition) for the production of antimicrobial metabolites, different media
with different compositions were used as summarized in Table (2.4). After 7days
of incubation, antimicrobial metabolites extractions were carried out, (Shirling
and Goéttlieb, 1966 and Khan and Patel, 2011).

Table 2.4: Different media with different compositions were used to achieve
the best media composition for production of antimicrobial metabolites.

No. Medial name Abbreviation
1 Tryptone-yeast extract broth ISP1
2 Yeast extract-malt extract broth ISP2
3 Inorganic salts-starch broth ISP4
4 Glycerol-asparagine broth ISP5
5 Glycerol yeast extract broth GYE
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2.3.6.2.2 Extraction of Extracellular Antimicrobial Metabolites

Extracellular crude extracts were carried out from fermented broth by
taking 5ml of the fermented broth from each active isolated actinomycete in the
primary screening program, after 7days of incubation and transferring it into a
test tube, then it was spun at 6000rpm for 5 minutes. Supernatants were filtered
through Whatman No.1, and treated as extracellular crude extract. Agar well
diffusion procedures were followed to determine the antimicrobial activity.
Besides, the tested microbial pathogens were spread on Mueller Hinton agar
20ml media per plate. Via using a sterilized pasture pipette 6mm diameter, wells
were dug on the seeded plates. The wells were loaded with 60 £5 ul of separated
supernatants (extracellular crude extracts), then the inoculated plates with the
microbial pathogens and extracellular crude extract were incubated overnight at
37°C. After finishing the incubation period, the plates were observed for a zone
of inhibition by the naked eyes. The zones of inhibition were determined by

using a metric ruler, (Khan and Patel, 2011 and Pallavi et al., 2013).

2.3.6.2.3 Solvent Extraction of Extracellular Antimicrobial Metabolites

The supernatant obtained from fermented broth, after filtering it via
WhatmanNo.1 filter paper, was used to extract antimicrobial metabolites by
using different solvents methanol, ethyl acetate, chloroform, n-butanol and n-
hexane. In order to achieve the maximum ability of solvents to dissolve the
antimicrobial metabolites and determine their antimicrobial activities by agar
well diffusion protocol. 1ml of extracellular crude extract (Supernatant) is to be
added after filtering through Whatman No. 1 into a test tube and mixed with 1ml
of the above mentioned solvents, gently shaked in a shaking plate for 60minutes,
and then spun at 10000rpm for 10minutes. After centrifugation, the mixture was

separated into two phases. The upper phase containing the dissolved
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antimicrobial metabolite was collected by micropipette from test tubes into the
sterilized petridish and the plates were kept in hot air oven at 45+ 2°C,

After the solvents completely vaporized the remaining residues was re-
suspended in 500 ul of the sterilized distal water. This mixture was treated as a
solvent extracellular extract for detecting antimicrobial activity, via agar well
diffusion procedure mentioned previously against the reference strains,
(Gurunget al., 2009 and Hemashenpagam, 2011).
2.3.6.2.4 Intracellular Extraction of Antimicrobial Metabolites

Intracellular extracts were achieved after the separation of the extracellular
crude extracts by centrifugation. The residual in the tube contained a bacterial
cells pellet with its intracellular antimicrobial metabolites. These components
were used to determine the intracellular antimicrobial activity by agar well
diffusion as follows: the pelleted cells were re-suspended in the test tube
containing lysis bufer 1ml TE buffer "Tris 200ml and 50ml EDTA, 60 ul of 10%
SDS and 6 ul of proteinase K, with a gentl shaking, the mixture were incubated
at 37°C for 60 minutes. That caused bacterial cell walls disruption as well as
intracellular metabolites liberation.

Six hundred pl of the intracellular crude metabolites was taken and mixed
with 600 pl of methanol. The mixture was gently mixed and left for 60minutes.
Then the tubes were spun at 1000rpm for 10 minutes at room temperature. The
mixture was separated into two phases, the upper phase methanolic phase
containing dissolved metabolites, was collected and transferred to the sterilized
petridish, then kept in a hot air oven 45°C for 24 hrs to dry the dissolved
intracellular crude extract.

Finally, the dried intracellular crude extracts were dissolved in double

volume of sterilized distal water 1200ul. Agar well diffusion procedures as
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mentioned previously were used to determine the antimicrobial activity against
tested microbial pathogens, (Khan and Patel, 2011).
2.3.7 Comparisons for Antimicrobials Activities between Synthetic
Antibiotic Discs with Extracellular Crude Extract

Antimicrobial susceptibility test was performed for all reference strains by
the Kirby-Bauer’s disk-diffusion method. Mueller-Hinton agar plates were used
for the assay of 10 different synthetic antibiotics as described in Table (2.5).
Then, the antimicrobial activities of extracellular crude extract metabolites were
compared with synthetic antibiotic against the same strains based on the
inhibition zone, as mentioned by (Eucast, 2000).

Table 2.5: Antibiotic sensitivity discs abbreviations; concentration and
manufactured company were used as standard antimicrobial activities.

No. Antibiotic name Abbreviation | Concentration Manufacture
1 Amoxicillin AX 25ug Bioanalyse
2 Gentamicin CN 10 ug Bioanalyse
3 Cefotaxime CTX 30 ug Bioanalyse
4 Streptomycin ST 10 ug Mast diagnostics
5 Azithromycin AZM 15ug Mast diagnostics
6 Vancomycin VA 10 ug Mast diagnostics
7 Erythromycin E 15ug Mast diagnostics
8 Tetracycline TE 30 ug Mast diagnostics
9 Methicillin ME 10 ug Mast diagnostics
10 | Amoxicillin/clavulanic AMC 30 ug Mast diagnostics
acid
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2.3.8 Growth (Kinetic) Curve Study for Maximum Antimicrobial
Production

The stationary phase in growth curve gives the maximum yields of
secondary metabolites, in order to achieve growth patterns of locally isolated
actinomycetes. Furthermore, to determine the accurate days for the isolate to
reach the stationary phase, 50ml of ISP2 was prepared in conical flask and 30ml
of the same media ISP2 in other conical flasks. The latter was treated as a
negative control (blank).

Fifty ml prepared broth of ISP2 was inoculated with 1ml of stock culture
suspension. Both broth media were incubated at 28°C with a soft shaking twice a
day. Every 24 hours of incubation, the absorbance of both inoculated and none
inoculated broths were read at 600nm.This process continued until reaching a
maximum optical density (OD). So it was considered as a stationary phase,
(Khan and Patel, 2011).

2.3.9 Determination the Optimum pH for Fermentation Process

Locally isolated actinomycetes were grown on ISP2 was supplemented
with different pH 4, 5, 6, 7, 8, 9 and 10 in order to obtain optimum pH for the
isolates. Screw cap tube 50ml occupied with 30ml of ISP2 in duplicates, one
with 0.5ml stock culture suspension and other as a negative control (blank)
without culture suspension, then incubated at 28°Cfor 4 days and the growth was
checked by reading their absorbance at 600nm, (Khan and Patel, 2011).

2.3.10 KH14 Isolate Salt-Tolerance

Sodium chloride tolerance of locally isolated actinomycetes was evaluated
by growing them in a ISP2 medium was supplemented with graded doses of
sodium chloride 1, 2, 3,4, 5, 6, 7, 8, 9 % w/v, with the negative control without

inoculating it with the isolate actinomycetes. Finally, after 4 days of incubation
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at 28°C, the results were observed by reading their absorbance at 600nm. The
strain which survived in the highest (maximum) NaCl concentration was
considered and remained viable, as the strain salt-tolerance, (Tresner et al.,
1968).
2.3.11Characterization of Isolated Actinomycetes
2.3.11.1Morpholoical Characterization of Actinomycetes

The actinomycetes isolates were inoculated on ISP2 broth and agar and
incubated at 28+1°C for 7 days, then made a dry preparation from the colonies.
Furthermore, the smear stained with a Gram’s stain. Morphological
characteristics of actinomycetes strains were observed such of Gram’s stain
patterns, aerial and substrate mycelium color, pigment production and pigment
color, (Vimal et al., 2009 and Reddy et al., 2011).

2.3.11.2 Physical and Chemical Parameters Change during Fermentation

During the entire fermentation processes for the production of antimicrobial
metabolites, several parameters have been changed through the reaction between
the actinomycetes and medium consumed such as broth color, pH of the medium
and the absorbance of the broth. After seven days of incubation at 28+1°C, they

were compared with initial time of inoculation (blank).

2.3.12 Minimum Inhibitory Concentrations (MICs) Determination

The minimum inhibitory concentrations (MICs) of the locally isolate
actinomycetes were determined by a serial dilution technique. MICs were
defined as the lowest concentration of an antimicrobial that inhibits the
noticeable growth of a microorganism after their incubation for overnight. To
determine MIC, 1ml of nutrient broth was taken into15 test tubes numbered from
1 to 15, tube no. 14 as a negative control only broth plus extract and tube no. 15

as a positive control broth plus microbial pathogens. Then antibacterial
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compound extracellular crude extract was added into the first test tube and made
a serial dilution to obtain a final concentration 1, 2, 4, 8, 16, 32, 64, 125, 250,
500, 600, 700, 800 ul /ml, 50ul of the tested microbial pathogens was added into
cach test tube except negative control and incubated at 37 °Cfor overnight. After
incubation, the last tube which does not show the growth by the naked eye and
this was consided as the MIC values, (Reiner, 1982 and Andrews, 2001).

2.3.13 Bacteriostatic and Bactericidal Properties of Extracellular Crude
Extract

Bactericidal and bacteriostaticare define as “one that exclusively kills
bacteria and another that only inhibits growth”, and the in vitro antimicrobial
determination of whether an antibacterial agent is bactericidal or bacteriostatic
may be influenced by growth conditions, test duration, bacterial density and
extent of the reduction in bacterial numbers. To determine if bacteria are only in
stasis or dead, a sample from the area of the zone inhibition around the well was
taken by the means of the sterile swab then inoculated into nutrient agar. |If
bacteria grow in the nutrient agar, the action of the extracellular crude extract
was probably to be bacteriostatic, while it would be bactericidal if no growth
seen, after 24 hours of incubation at 37 °C, (Pankey and Sabath, 2004).

2.3.14 Antioxidant activity of KH14 Extracellular Crude Extract

2.3.14.1 Preparation of Standard Solution
The standard solution was prepared by using 50 mg of ascorbic acid and

dissolving it in 50ml 100% of ethanol. From the stock solutions, different
concentrations of ascorbic acid ranging from 1, 0.5, 0.25, 0.125, 0.064 and 0.032
mg/ml were prepared, mixed with 2, 2- diphenyl 1-picralhydrazyl (DPPH)

solution 0.002mg/100ml, and then kept for 30 minutes at room temperature in a
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dark container. Absorbance was read after 30minutes of reaction by
spectrophotometer at 517nm, to obtain a standard curve for calculating DPPH
radical scavenging activity and calculating 1Cs, (the dose was required to cause a
50% inhibition of free radical formed). All tested concentrations were analyzed
in duplicates, (Khalaf et al., 2008).

2.3.14.2 Preparation of Test Solution and Protocol Assay

The antioxidant properties DPPH radical scavenging assay was carried out
to locally isolated actinomycetes. A 0.002gm DPPH dissolved in 100ml ethanol
and kept in a dark container. An extracellular crude extract concentration was
mixed with ethanol to obtain the final dilution concentration as 0.1, 0.5, 1.0, 3.0,
5.0, 10.0, 20.0 and 30.0 mg/ml, exactly 2.5ml of DPPH solution and 0.5ml of
crude extract was mixed at various concentrations. The mixture was shaken by
hands for two minutes, and then kept at room temperature in a dark place for 30
minutes.

De-colorization of DPPH was determined by measuring the absorbance at
517 nm using a visible spectrophotometer. Absorbance was read at 517nm after
30min of reaction. The antioxidant activity inhibition of DPPH activity, or free
radical scavenging activity was calculated, and was expressed as ICs, (mg/ml),
the dose required to cause a 50% inhibition. In addition, ascorbic acid was used
as a standard for making a standard curve, and for calculating the 1Cs, powerful.
The ability to scavenging the DPPH radical was calculated as follows:

DPPH radical scavenging activity% = (Ay~A41) [A,*100
Where A, is the absorbance of the control at 30 minutes, and Al is the
absorbance of the sample at 30 minutes. All samples were analyzed in

duplicates, (Khalaf et al., 2008 and Sunil et al., 2012).
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2.3.15 Purification of Extracellular Crude Extract
2.3.15.1 Partial Purification by Thin Layer Chromatography (TLC)

Partial purification of extracellular crude extract was carried out by a TLC
.The extracellular crude extract was dissolved in ethyl acetate and spotted by
means of capillary tubes on TLC plates (TLC 20x20 cm, silica gel 60F ,s4, Merk
co, USA) using different mobile phase solvents such as Ethyl acetate 100%,
methanol 100%, chloroform100%, water 100%, n-hexane 100%, toluene 100%,
acetone 100%, ethanol 100%, n-butanol 100%, acetic acid 100%, ethyl acetate:
methanol: water (10:1.5:1), toluene: ethyl acetate (93:7), methanol : water (6:4),
Ethyl acetate : Chloroform : Water (95:5:5), Methanol : Chloroform (6:4),
Ethyl acetate: Toluene: Methanol :Chloroform: Water (1:1:1:1:1), in order to
determine the best solvent system for separates the bioactive compounds, as
well as determining the retardation factor R values of the bioactive compounds,
and their ability for dissolving the extracellular crude extract.

After running the spots, the plates were dried and chromatograms TLC
plates were observed visually by eyes under UV light, to detect the spots
position. The retardation factor Ry, is defined as “the distance traveled by the
compound divided by the distance traveled by the solvent” and as follows,
(Attimarad et al., 2012)

R¢= distance traveled by the compound/ distance traveled by solvent

2.3.15.2 Detecting the Antimicrobial Metabolites Position by Bioautography

Bioautography assay follows the thin layer chromatography to determine
the active antimicrobial metabolites position, after running the TLC plates. TLC
strips were placed on the surface of a Mueller Hinton agar plate seeded with the

microbial pathogens, then, incubated at 37°C for 24 hrs. After incubation, the
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inhibition zones around the active spots of antimicrobial metabolites were
observed by the naked eyes. The clear zone on the media indicated the presence
of active antimicrobial compounds which inhibited the growth of the tested

microbial pathogens, (Hozzein et al., 2011).

The active spot was visualized by ultraviolet light, then scraped from the
TLC plates by a sterilized scrapple and collected in a clean disposable test tube,
and used for studying and analyzing it by the High Performance Liquid
Chromatography (HPLC).

2.3.15.3 High-Performance Liquid Chromatography — Mass Chromatogram
(HPLC-MS) Analysis and Partial Purification of the KH14 Extract

Both the ethyl acetate extract and scraped active spot from the TLC plates
were analyzed by a high-performance liquid chromatography (HPLC) for purity,
molecular weight detection, and UV absorbance of the content. The solution for
HPLC was prepared by using 100 mg of ethyl acetate and active spots separately
were dissolved in 1ml of methanol and shacked well, then filtered by passing
them through a millipore micro filter (0.2 um pores) by using a disposable

syringe.

The separation was carried out with a HPLC-MS (Waters 2545-USA)
quaternary gradient module equipped with a system fluidics organizer (waters-
SFO) coupled with SQ detector and operated in a positive ionization mode at
range from m/z = 200-900 with 2 scan/min, combined with photodiodes array
detector (Waters 2998) with sampling rate 2 points/sec (Lambda range 190-800
nm). A C18/4.5 x 155 mm RP column (X Bridge) was used for separation with a
solvent system consisting of A: deionized water, B: methanol, each contain 0.1%

formic acid. The following gradient was applied: 0-2 minutes 30% A, and 70%
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B, 2-10 minutes A linear from 30 to 95%, B linear from 70% to 5%. Ten
microliter of the extract was injected using an auto-sampler (Waters 2767), and
run with a flow rate of 1 ml/min using an auto-sampler (Waters 2767). The
process was carried out in Koya University, College of Health and Sciences,

Advance Research Center, (Boudjelal et al., 2011).

2.3.15.4 Gas Chromatography —Mass Spectrometry (GC-MS) Analysis of
KH14Ehtyl Acetate Extract

Ethyl acetate extract of KH14 was analyzed by GC-MS for detecting the
volatile compounds presented in the ethyl acetate extract, as well as, their
quantity and quality ratios. The sample was reconstituted using 1ml Ethyl
acetate, and then one hundred microliters of the extract was transferred into auto
sampler glass vials. GC-MS analysis was performed on GC-MS QP-2010
(Shimadzu Instruments, Japan); an inert cap pure wax capillary column was used
30m x 0.25mm x 0.25um film thickness with Helium as the carrier gas at a flow
rate of 1.51 ml/minutes.

The source was operated in positive ionization mode electron impact
energy: 70eV and the detection were performed in a full-scan mode scan range:
35.00 — 700.00 m/z for a total run time of 27 minutes. The inlet and the transfer
line temperatures were maintained at 240°C, while the ion source was kept at
200°C. Samples were injected in a split-less mode and separated by using a
temperature gradient program as follows: 100°Cfor 3minutes, to 150°C at
10°C/min and then maintained at 150°C for 2minutes; then to 240°C at
10°C/min and maintained at 240°Cfor further 8 minutes. GC-MS spectra were
evaluated by posting the software and searched in the National Institute of
Standards and Technology (NIST), MS Search V2.0 browsers. The Sample was
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analyzed at Al-Mustansiriyah University, College of Science; Department of
Chemistry, (Ara et al., 2012 and Rajesh et al., 2013).

2.3.16 Antitumor and High Content Screening Properties of KH14
Extracellular Crude Extract

2.3.16.1 Cancer Cell Lines
The cell lines used in the study for screening the antitumor activity of

KH14 extracellular crude extract were Breast cancer cell (MCF-7), (Human
Prostate cancer cell (PC3) and Human malignant melanoma, skin cancer (A375).
These cell lines were supplied by Pharmacology Department/Medicine
College/Malayia University.

2.3.16.2 In vitro Evaluating Antitumor Activity of KH14 Extracellular
Crude Extract

Antitumor activities were determined by MTT assay for KHI14
extracellular crude extract. The process was carried out at the Pharmacology
Department/Medicine College/Malayia University, against different cell lines
used such as Breast cancer cells (MCF-7), Human Prostate cancer cells (PC3)
and Human malignant melanoma, skin cancer (A375). Cell lines were seeded in
96-well tissue culture plate’s 5000 cells/well. Besides, from lyophilized
extracellular crude extract stock solutions were prepared in sterile distilled water
and diluted to the required concentrations by serial dilutions 400, 200, 100, 50,
25, 12.5, 6.25, 3.125, 1.562, 0.781, 0.390, and finally 0.195 ug/mL. They were
done via the cell culture medium Eagles Minimum Essential Medium (EMEM)
containing 10% fetal bovine serum (FBS). Then, the EMEM were mixed with
cancerous cell lines treated as a control, however, all treated and none treated
sample were done in triplicate trials.

The cells were incubated at 37°C with 5% CO2 and 95% air in 100%

relative humidity in Thermo Forma Series Il Water Jacketed CO, incubator,
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After 72 hrs of incubation; the solution in the medium was removed. An aliquot
amount of 100 pl of medium containing 1 mg/ml of 3-(4, 5-dimethylthiazol- 2-
yl)-2, 5-diphenyl-tetrazolium bromide (MTT) was loaded to the plates. The cells
were cultured for 4 hrs in a dark chamber for the conversion of MTT to
formazan, and then the solution in the medium was removed. The well was
loaded with an aliquot amount of 100 ul of dimethyl sulphamide (DMSO) being
added to the plates, and then shaken was done until the formed crystals were
dissolved.

The cytotoxicity against cancer cells line was determined by
measuring the absorbance of the converted dye at 570 nm in a (Hidex
Chameleon plate reader). Cytotoxicity of each concentration was expressed as %
inhibition values, and the equation used for calculating the inhibition rate of the
cells on the basics that the MTT assay was reduced. Their absorbance in
metabolically active cells to yield an insoluble purple formazan product was
done as an end product, by calculating the optical density between control well
and the treated well with an extracellular crude extract and as follow.

(Mosmann, 1983 and Saravana Kumar et al., 2014)

Cell viability % = (mean OD control x mean OD treated)/ (mean OD
control) *100%
2.3.17 High Content Screening Multi-parametric analysis (HCS) of KH14
Extracellular Crude Extracts on MCF-7 Cancer Cell Line

A High content screening (HCS) was carried out for KH14 extracellular
crude extract on MCF-7 by using cellomics multi-parameter cytotoxicity 3 kit
protocol. The procedure was carried out at the Pharmacology
Department/Medicine College/Malayia University. The procedure was carried as

follows;, according to the procedure described by (Abraham et al., 2008).
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2.3.17.1 Cell Line Preparation

Eagles Minimum Essential Medium (EMEM) medium used with the
following supplements 10% fetal bovine serum, 1 mM sodium pyruvate, 1X
non-essential amino acids, 100 units/ml of penicillin and 100 pg/ml of
streptomycin. When the MCF7 cells were split and reached 90% confluence at a
dilution of1:4, as well as, the MCF-7 cells were harvested by trypsinization, then
they were diluted into EMEM complete medium and cell density was
determined. Cells were diluted to 7.5 x 10* cells/ml in EMEM complete medium.

After completing the dilution, the cell suspension 100 pl was added to
cach well of a 96-well micro plate to achieve 7,500cells/well as recommended by
the manufacturing instructions (recommended plating density). Finally, the

prepared cells were incubated overnight at 37°C in 5% CO..

2.3.17.2 High Content Screening Procedure Assay

Twenty five pl of different concentrations of KH14 extracellular extracts
25, 50,100 and 200 pg/ml was added to the prepared cell lines manifested as
treated samples, and 25 ul of 5.0 uM paclitaxel was used as a positive control,
while unloading wells were considered as a negative control (vehicle). The cells
were incubated at 37°C for 24 hours, then 50ul of live cell staining solution was
added to each well, and the staining cells was incubated at 37°C for 30 minutes.
The medium with the staining solution were gently aspirated and 100 pl/well of
fixation solution was added, plate was incubated for 20 minutes at room
temperature.

The fixing solution was gently aspirated and 100 pl/well of 1X wash
buffer was added. Wash buffer was removed and 100 pl/well of 1X

permeabilization buffer was added. The plate was incubated for 10 minutes at
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room temperature and protected from light. Permeabilization buffer was
aspirated and plate was washed twice with 100 pl/well of 1X wash buffer. Wash
buffer was aspirated and 100 pl of 1X blocking buffer was added and the plate
was incubated for 15 minutes at room temperature.

Blocking buffer was aspirated and 50 pl/well of primary antibody solution
was added. Plate was incubated for 60 minutes and protected from light at room
temperature. The primary antibody solution was aspirated and the plates were
washed three times with 100 pl/well of 1X wash buffer. Wash buffer was
aspirated and 50 ul/well of the secondary antibody/staining solution was added.
Plate was protected from light and incubated for 60 minutes at room temperature.

Secondary antibody staining solution were aspirated and the plate was
washed three times with 100 pl/well of 1X wash buffer, and 100 pl/well of 1X
wash buffer was added, finally the plate was sealed and evaluated on the array
scan HCS reader.
2.3.17.3 Microscope Information

Cells prepared and labeled according to the kit protocol were used and
analyzed by fluorescence microscopes using the appropriate filter set(s) or
confocal microscopy. Optimization was required when using slides, cover slips
or multi-well chamber slides, and the image-processing used software to quantify
the targets. The approximate absorption/emission maxima of the fluorescent dyes
are as follows: DyLight 649 Conjugates = 646/674 nm Hoechst Dye = 350/461

nm.
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2.3.17.4 Statistical Analysis

Statistical analysis and significances of high content screening (HCS)
were determined using one-way analysis of variance (ANOVA) followed by a
post hoc testing using Dunnett’s test. Duplicated data for each concentration of
extracellular crude extract KH14 were compared with the vehicle controls
(Untreated sample), for all comparisons. The results were considered as
significant if p <0.05, (Breier et al., 2008).
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Chapter Three Results and Discussion

3.1 Isolation of Actinomycetes from Soils

The serial dilution technique was used to isolate actinomycetes from forty
different soil sources after inoculating the plates with soil suspension on glycerol
yeast extract agar and incubating the inoculated plates for 7- 14 days with a
dilution ranged from 10" to 10°. The data presented in Table (3.1) summarize all
suspected actinomycetes obtained from the above soil sources on the basis of
forming pinpoint colonies with inhibitory or clear zone of inhibition around

them: small white, rough and chalky as recommended by Oskay et al., (2004).

Out of forty soil sources, only 26 soil sources 65% were suspected to
contain actinomycetes with a total of 55 colonies with different morphotypes
from all soil sources were obtained. The color of selected suspect colonies
ranged from white, creamy to gray. They were grown on a glycerol yeast extract

agar, and this was in agreement with that described by Saadoun et al. (2015).

The morphology and size of the colonies was about 1-10 mm in diameter
with a relatively smooth surface at the beginning of the growth, while it was
developed to an aerial mycelium that appeared as granular, powdery and soft.
Distinguishing between the repeated colonies wasnot carried out because of high
difficultly to separate anyone of them among all the soil sources and dilution,
I.e., some of these 55 suspected colonies may be repeated within the different

soil sources.

Stackebrandt et al. (1991) and Ramazani et al. (2013) described
actinomycetes colonies being slow growing, glabrous or chalky, aerobic, piled,
as well as with different color of aerial and substrate mycelium. In addition, all

isolated colonies possess an earthy odor.
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Fifty-five colonies were obtained from the isolation processes, sub-
cultured on ISP2, in order to obtain pure colonies culture of locally isolated
strains and the process of sub-culturing repeated more than one time.
Morphologically, on the basis of aerial mycelium colorthere are many
similarities among a large number of them, especially when purified on plates.
However, all 55 purified colonies were kept at 4°C in a refrigerator for further

study primary screening programs.

The results was in agreement with the finding of both Zhou et al. (2007)
and Portillo et al. (2009) concerning the isolation process that each plate was
often contained one or few colony types ranging from two to four colonies, and

from similar habitats the actinomycetes diversity exhibited few different colony

types.

Kariminik and Baniasadi (2010), mentioned that because of their stringent
aerobic metabolisms, actinomycetes ,especially Streptomyces, exist in different
types of soil and they are abundant on the surface layer of soils as well as they
favor the alkaline soils, compost, river’s mud and riverbeds. Nonoh et al. (2010)
described the physical properties, organic matter content, pH, moisture, soil
reactions and soil texture which were considered as the main factors that the

concentration (distribution) of Streptomyces depended on.
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Table 3.1: Total suspected actinomycetes colonies appear on glycerol yeast extract

agar

Soil sources

Dilution (no. of colonies)
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colonies per soil
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3.2 Primary Screening for Antagonistic Activity

A total of fifty five locally isolated actinomycetes that obtained from forty
soil sources were tested for the antimicrobial activities against human microbial
pathogens (bacteria and yeasts) by the cross streak technique, such as
Staphylococcus aureus ATCC 25923 was for gram positive bacteria model,
Escherichia coli ATCC 25922 for gram-negative bacteria model and Candida
albicans ATCC 10231 as a model of yeasts.

The results presented in Figure (3.1) summarize the process of primary
screening program against human microbial pathogens. Furthermore, the activity
of each isolated actinomycetes was done against each microbial pathogen and the
strains which were selected for completing the secondary antimicrobial screening
(fermentation) were highlighted in Table (3.2). The data presented in Figure
(3.1) were applied to conclude the antimicrobial activity. To achieve this
potential, all isolates were streaked as a straight line on nutrient agar media
separately, and incubated at 28 °C for 7 days. After completing their growth as
shown in plate A Figure (3.1), different strains of microbial pathogens were
streaked at right angle, without touching each other, in addition to being
incubated at 37 °C for 24 hours.

Rana and Salam (2014) summarize the primary process, if the microbial
pathogens were susceptible to the antimicrobial compound produced by the
isolated actinomycetes; it would not allow their growth near the actinomycetes as
presented in Plate B Figure (3.1). The process was done for all 55 locally
isolated actinomycetes, instead, most of the isolates had a power against the
tested pathogens, but our designed protocol concentrated on choosing the most
active and broad spectrum activity. For this, our results presented in Table (3.2)
by (+ve and -ve) indicated capability or incapability to prevent the growth of the
tested microbial pathogens respectively, so that most of the isolates were
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ignored because of their incapability to prevents the growth of microbial
pathogens. Finally, the highlighted isolates achieved a high activity to produce a
large amount of antimicrobial compounds as secondary metabolites which

prevent the growth of tested microbial pathogens.

Plate A Plate B

Plate C Plate D

Figure 3.1: Primary screening program for locally isolated actinomcetes, plate A and
B for isolate KH14, while Plate C and D for isolate KA39.
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Table 3.2: Primary screening outcome obtained from locally isolated actinomycetes
from solls.

Tested pathogens

Isolate No. Staphylococcus | Escherichia Candida Notes

aureus ATCC | coli albicans

25923 ATCC25922 | ATCC 10231
KA 3 AB,C,D -ve -ve -ve Ignored
KA 4 -ve -ve -ve Ignored
KH 5 A,B -ve -ve -ve Ignored
KH 6A,B,C,D,E,F.G All —ve -ve -ve Ignored
KH 7 -ve -ve -ve Ignored
KH 13 -ve -ve -ve Ignored
KH 14 A.B A +ve A +ve both -ve KH 14A selected
KH 16 both +ve both +ve both -ve KH 16 selected
KA 18 A,B +ve -ve +ve KH 18 A Selected
KA 19 +ve -ve +ve KA 19 B selected
AB,C
KE 20 -ve -ve -ve Ignored
KA 21 -ve -ve -ve Ignored
KA 22 -ve -ve -ve Ignored
KA 23 AB +ve -ve -ve Ignored
KA 24 -ve -ve -ve Ignored
KA 25 -ve -ve -ve Ignored
KA 27 -ve -ve -ve Ignored
KE 29 A,B,C -ve -ve -ve all Ignored
KE 30 A,.B +ve -ve -ve Ignored
KE 32 A,B,C,.D +ve -ve -ve All Ignored
KE 33 A,B,C -ve -ve -ve All Ignored
KE 34 A,B,C,D -ve -ve -ve All Ignored
KA 36 A,.B -ve -ve -ve Ignored
KA 37 A,B -ve -ve -ve Ignored
KA 38 -ve -ve +ve Selected
KA 39 AB A +ve A +ve -ve KA 39 A selected

The data presented in (Table 3.3) summarize the details of primary
screening results of the locally isolated actinomycetes activities against the tested
microbial pathogens, which were selected to complete the secondary screening
program (fermentation process). Additionally, Table (3.3) also represented the
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rename of the isolated strains. The studies of Suthindhiran and Kannabiran
(2009) and Ravi et al. (2015) investigated that screening for microorganisms
belonging to the Actinomycetaceae family, revealed from the soil sources, can
serve as an important source for obtaining novel antimicrobial compounds and

for finding new chemicals used for achieving new therapeutic agents.

The differences in results between primary and secondary screening
among suspected actinomycetes colonies may be due to appearances of
actinomycetes as fragmenting mycelia and filamentous mycelia when growing in
liquid media and solid media respectively, in addition to showing the difference
in the morphology of actinomycetes as described by Bushell (1993). Moreover,
Porter (1971) ; Maruyama et al. (1975); Bushell (1988); Zgurskaya and Nikaido
(2000); Dehnad et al. (2010) and Ramazani et al. (2013) also investigated that
some actinomycetes species were producing antimicrobial metabolites on agar
media (plating) and primary screening but the field in liquid media and
secondary screening meant that flask shaking methods obtained the fewest
amount of antimicrobial because of the significantly breakage of the hyphal
component of certain isolated actinomycetes occurring in case of liquid culture

rather than on agar media in plates.

The selected isolates were chosen to complete the fermentation process
grown on ISP2 as shown in Figure (3.2) in a pure culture form. Furthermore, the
morphological characters such Growth state of (mycelium), aerial mycelium
color, substrate (reverse) color, soluble pigment and Gram’s reaction were
determined after growing them for 7-14 days at 28+£1°C. This is summarized in
Table (3.4).
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Table 3.3: Renaming the selected isolates with detailed results against tested
pathogens
Tested pathogen Renaming
Isolate No. Staphylococcus | Escherichia | Candida Notes isolated
aureusATCC coli albicans strains
25923 ATCC25922 | ATCC
10231
KH 14 A +ve A +ve both —ve KH 14A KH 14
AB B -ve B -ve selected
KH 16 both +ve both +ve both —ve KH 16 A KH 16
AB selected
KA 18 A,B both +ve both -Ve A +ve KH 18 A KH 18
B -ve Selected
KA 19 all +ve B +Ve B +ve KA 19B KA 19
AB,C Aand C-ve | Aand C—ve | selected
KA 38 +ve -ve +ve Selected KA 38
KA 39 A.B A +ve both —ve A +ve KA 39 A KA 39
B -ve B —ve selected

The results presented in Table (3.4) summarize the morphological
observation of all six isolated actinomycetes growing on ISP2, for 14 days at
28+1°C. They are in agreement with those obtained by Ravel et al. (2000) and
Hemashenpagam (2011) who considered that all isolated actinomycetes found to
bce Gram positive bacteria and similar to fungal characters in possessing
branched mycelium in their cell morphology. Moreover, the results agree with
those described by Rana and Salam (2014) for isolating actinomycetes when
incubated for 10 days and the colonies were detected with white ,orange, grey,
yellow, cream, pale brown, pink and red surfaces with firm and difficult to scrap
textures which are considered as the main characteristics of actinomycetes;
some of them produced salty and brownish pigmentation, and various
appearance such greyish-white, yellowish, milky and brownish on the aerial
mycelia and with pale yellow, white and brownish pigmentation on the reverse

of the colonies.
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Plate B

Plate E

Plate F

Figure 3.2: Pure isolated culture of locally isolated actinomycetes growing on ISP2,
after 7-14 days at 28+1°C, Plate A showing the isolate KH14, plate B isolate KH16,

plate C isolate KH18, Plate D isolate KA19 ,plate E isolate KA38 and plate F
isolate KA39.
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Table3.4: Morphological and cultural characteristics of locally isolated
actinomycetres, growing on ISP2, after 7-14 days at 28+1°C.

Isolate no. Growth Aerial Substrate Soluble pigments
state mycelium (reverse) | presencel Color
(mycelium) color color
KH 14 Very good White Yellow + Orange
KH 16 Moderate Yellow Creamy - -
KH 18 Good Creamy Creamy -
KA 19 Good White Yellow - -
KA 38 Slightly White brown + Brown
KA 39 Moderate White Gray + Brown

(+) = presence; (-) = absence
3.3 Secondary Screening Methods

Locally isolated actinomycetes successfully prevented or inhibited the
growth of tested microbial pathogens by primary screening programs KH14,
KH16, KH18, KA19, KA38 and KA39 as presented in Table (3.3). They were
selected to perform the secondary screening programs in order to evaluate
several parameters best media composition for obtaining maximum antimicrobial
compounds, best organic solvents for extracting secondary metabolites |,
extraction of intra and extracellular antimicrobial compounds, comparison
between synthetic antibiotic discs with extracellular crude extract and finally

physical and chemical changes throughout the entire fermentation process.
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3.3.1 Best Medium Composition to Achieve Maximum Antimicrobial

Activities (Extracellular crude alone)

The data presented in Table (3.5; 3.6; 3.7; 3.8 and 3.9) represented the
results for ISP1, ISP2, ISP4, ISP5 and Glycerol yeast extract broth, respectively.

The details procedures were presented in Figure (3.3) for some of the
locally isolated actinomycetes activities, as well as, for some of medium cultures
and extraction of antimicrobials extraction with organic solvents. According to
Khan and Tripathi (2011) and Song et al. (2012), the secondary bioactive
metabolites of actinomycetes were influenced by many factors for their growth
and production. Such parameters include temperature, fermentation time and
initial pH that effect the production of bioactive secondary metabolites. The

medial composition also influenced the metabolites production and growth rate.

The obtained results recorded the best zone of inhibition on gram positive
bacteria Staphylococcus aureus from that of Abdulhameed (2013) who obtained
the highest inhibition zone about 14 mm against Staphylococcus aureus and also
than Gurung et al. (2009) 20mm; Boudjelal et al. (2011) 25mm inhibition;
Hozzein et al. (2011) 27mm; Attimarad et al. (2012) 15mm; Naine et al. (2015)
24 mm and Abdul Wahab et al. (2015) 24mm. These results were compared with
our obtained results especially those obtained by KH14 and KA19 about 30 and

33mm inhibition respectively when growing on ISP2 as presented in (Table 3.6).
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Table 3.5: Antimicrobial activities of locally isolated actinomycetes (extracellular
crude alone), fermented on ISP1

Zone of inhibition (mm)

Isolate No. Staphylococcus Escherichia coli Candida albicans
aureusATCC25923 ATCC25922 ATCC 10231
KH 14 23 0 0
KH 16 0 0 25
KH 18 0 9 0
KA 19 17 0 15
KA 38 0 0 0
KA 39 0 0 13

0= no inhibition

Table3.6: Antimicrobial activities of locally isolated actinomycetes (extracellular
crude alone), fermented on ISP2.

Zone of inhibition (mm)
Isolate No. Staphylococcus Escherichia coli Candida albicans
aureusATCC25923 ATCC25922 ATCC 10231
KH 14 30 13 12
KH 16 16 13 11
KH 18 13 0 0
KA 19 33 0 21
KA 38 0 0 23
KA 39 16 0 24

0= no inhibition

74




Chapter Three Results and Discussion

Among all used media for the production of antimicrobial metabolites, the
ISP2 performed high activities by KH14 and KH16 against Escherichia coli
recording only 13mm for both isolate as presented in Table (3.6). The rest of
other used media moderately showed the activities of all isolated actinomycetes
against gram negative bacteria Escherichia coli as presented in Table (3.5; 3.7;
3.8 and 3.9) especially the glycerol yeast extract broth which didn’t show any
activity for all isolated actinomycetes against Escherichia coli as presented in
Table (3.9).

Comparing the obtained results from all the used media types for all
isolated actinomycetes against gram negative bacteria, Escherichia coli were less
than that obtained by Gurung et al. (2009) who obtained 17mm zone of
inhibition Hozzein et al. (2011), from isolate D 332, obtained 25mm inhibition
and Attimarad et al. (2012 ) from isolate ACT-A2 , obtained the inhibition zone
15mm, Abdul Wahab et al. (2015), recorded 23mm against gram negative

bacteria Escherichia coli from isolate GZO23.

Chawawisit et al. (2015) described that most of the bioactive compounds
extracted from actinomycetes were performed against Gram-positive bacteria
with a strong activity, while against Gram-negative bacteria and yeast with a
moderate activities. In another study, Ramazani et al. (2013) stated that Gram
positive bacteria are naturally less resistant to antimicrobials compounds than
Gram negative bacteria and this has been attributed to the collective exclusion of
antimicrobial compounds by a barrier of double membranes and trans-membrane
efflux present in this group of bacteria (gram negative). Moreover, llic et al.
(2007) and Ramazani et al. (2013) explained that the results of primary and
secondary screening programs showed the most active isolates exhibiting their

activities against gram positive bacteria rather than gram negative bacteria.
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Table 3.7: Antimicrobial activities of locally isolated actinomycetes (extracellular
crude alone), fermented on ISP4.

Zone of inhibition (mm
Isolate No. Staphylococcus Escherichia coli Candida albicans
aureusATCC25923 ATCC25922 ATCC 10231
KH 14 23 0 0
KH 16 0 0 0
KH 18 0 13 9
KA 19 0 0 0
KA 38 0 0 13
KA 39 18 12 13

0= no inhibition

Table 3.8: Antimicrobial activity of locally isolated actinomycetes (extracellular
crude alone), fermented on ISP5.

Zone of inhibition (mm)
Isolate No. Staphylococcus Escherichia coli Candida albicans
aureusATCC25923 ATCC25922 ATCC 10231
KH 14 15 0 0
KH 16 0 0 26
KH 18 0 8 0
KA 19 23 0 0
KA 38 0 0 0
KA 39 12 8 18

0= no inhibition

The best results for inhibiting Candida albicans were obtained by isolate
KH16 26mm; 25mm on ISP5 and ISP1 respectively, as presented in Table (3.5
and 3.8) ,while the rest of other isolates and media types showed moderate
activities. Our results was inagreement with finding of Abdul Wahab et al.

(2015 ) who obtained 15mm zone of inhibition , and than the isolate strain of
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actinomycetes by Attimarad et al. (2012) which do not show any activity against
Candida albicans , while Hozzein et al. (2011) obtained better results than our
results from the isolated strain D 332 which recorded 30mm zone of inhibition

against Candida albicans .

Hacéne et al. (2000) described that the secondary metabolites and
antimicrobial products of isolated actinomycetes species are almost extracellular
products and they appear as extracellular products in nature exhibiting the
powerful antimicrobial metabolites activities.

Table 3.9: Antimicrobial activities of locally isolated actinomycetes (extracellular
crude alone), fermented on GYEB.

Zone of inhibition (mm)
Isolate No. Staphylococcus Escherichia coli Candida albicans
aureusATCC25923 ATCC25922 ATCC 10231
KH 14 0 0 0
KH 16 0 0 0
KH 18 12 0 9
KA 19 25 0 15
KA 38 0 0 0
KA 39 0 0 0

0= no inhibition

The best media composition for the production of extracellular crude
extract antimicrobial metabolites are taken from media types ISP1, ISP2, ISP4,
ISP5 and GYEB against tested human microbial pathogens as presented
previously. The ISP2 showed the best media composition for the production of
antimicrobial metabolites where 66.6% of which gave the inhibition zone against

all tested microbial pathogen. However, other media composition, ISP5, ISP4,
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ISP1 and GYEB exhibited 38.8%, 33.3%, 33.3% and 11% respectively, through
revealing the antimicrobial activities

The results for achieving the best media for the production of
antimicrobial metabolites from locally isolated actinomycetes were in agreement
with those found by Maataoui et al. (2014), who showed that ISP2 was the best
media formulation for obtaining sufficient antimicrobial metabolites.

Kumar (2010) and Gopi and Ramakrishna (2011) reported that
manipulating the nutritional, physical and chemical parameters of the culturing
conditions will be augmented in the growth of actinomycetes. Besides, media
composition plays a significant role in the economics and productivity of the
vital process. Mahalaxmi et al. (2010) also stated that substrate composition
plays an energetic role in the production of the antibiotics.

Badji et al. (2005) results indicated that both ISP1 and GYEA media
allowed satisfactory production in comparison to ISP2 and nutrient agar, whereas
Cheraiti and Gacemikirane (2012) exhibited that the activity of actinomycetes
strain was very important on GYEA medium as compared to ISP2 and ISP1.

Sharon et al. (2014) also summarized the best medium composition
for the production of the maximum production of antibiotics by actinomycetes
species which experimentally optimized several suitable factors including
medium ISP2 with, temperature 28°C, incubation period 7days, carbon source
dextrose, agitation 200rpm, nitrogen source yeast extract, sodium chloride
2.5%and inoculum concentration 2%.

Waksman et al. (2010) explained that the ability to inhibiting
microorganisms by the actinomycetes species was highly specific, so this was
selective, and not only depending on the strain and species of the isolated

actinomycetes, but also the medium composition was used for growing it and the
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condition of the fermentation remained the powerful point for production of
inhibitory substances.

Among all locally used isolated actinomycetes KH14, KH16, KH18,
KA19, KA38 and KA39 were used to complete the fermentation programs
against human microbial pathogens Gram positive, negative and yeast via using
different media composition and within the same fermentation condition. The
isolates KH14 and KH16 showed broad antimicrobial activities against all tested
microbial pathogens, as presented in Table (3.6). The isolate KH14 on the other
hand showed more activity than KH16 in the ability of inhibition. However, the
rest of other isolates showed varied activities against human microbial

pathogens.
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Plate A Plate B

Plate D

Plate E Plate F

Figure 3.3: Secondary screening program for locally isolated actinomycetes against
tested pathogens, plate A, extracellular crude extract activities against Staphylococcus
aureu, Plate B, extracellular crude activities against Candida albicans. Plate C and D
represent n-Hexane and methanol crude extract, while plate E and F represent ethyl
acetate and n- butanol crude extract.
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3.3.2 Best Organic Solvents for Extracting Extracellular Antimicrobial

Metabolites

Depending on the results presented in Table (3.6) ISP2 was considered as
the best media composition for obtaining the highest extracellular antimicrobial
metabolites against all tested microbial pathogens in comparison to other media
used from the fermentation program. Among the best organic solvents that
extract the highest amount of antimicrobial metabolites, five different organic
solvents methanol, ethyl acetate, chloroform, n-butanol and n-hexane were used
to achieve the best extraction of antimicrobial metabolites. The results presented
in Table (3.10, 3.11, 3.12, 3.13, and 3.14) representes the antimicrobial activities
against tested microbial pathogens for methanol, ethyl acetate, chloroform, n-

butanol and n- hexane extraction respectively.

The data presented in Table (3.10) summarized the extraction of
extracellular antimicrobial metabolites with methanol against the tested
microbial pathogens as shown in Figure (3.3) plate D. The isolates KH14, KH16
and KA19 performed antimicrobial activities against Staphylococcus
aureusATCC 25923 about 27, 14 and 24 mm zone of inhibition respectively,
while KH18, KA38 and KA39 didn’t show any activities against gram positive
bacteria Staphylococcus aureus ATCC 25923. Extracting with methanol for all
isolates didn’t show any antimicrobial activities against Escherichia coli
ATCC25922. Furthermore, in the case of Candida albicans ATCC 10231, only
the isolates KA38 and KA39 showed antimicrobial activities about 14 and 20

mm, respectively.
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Table 3.10: Antimicrobial activities of locally isolated actinomycetes (methanolic
extract), fermented on ISP2.

Zone of inhibition (mm)
Isolate No. | Staphylococcus Escherichia coli | Candida albicans

aureusATCC 25923 ATCC25922 ATCC 10231
KH 14 27 0 0
KH 16 14 0 0
KH 18 0 0 0
KA 19 24 0 14
KA 38 0 0 20
KA 39 0 0 0

Table3.11: Antimicrobial activities of locally isolated actinomycetes (ethyl acetate

extract), fermented on ISP2.

0= no inhibition

Zone of inhibition (mm)
Isolate No. | Staphylococcus Escherichia coli | Candida albicans
aureusATCC 25923 ATCC25922 ATCC 10231
KH 14 25 0 0
KH 16 0 0 0
KH 18 0 0 0
KA 19 20 0 0
KA 38 0 0 0
KA 39 11 0 0

0= no inhibition

The data presented in Table (3.11) summarized the extraction of
extracellular antimicrobial metabolites with ethyl acetate against the tested
microbial pathogens as shown in (Figure 3.3) plate E. The isolates KH14, KA19
and KA39 perform antimicrobial activities were intended for Staphylococcus
aureus exactly 25, 20 and 11 mm zone of inhibition respectively, while for gram
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negative bacteria Escherichia coli and yeast Candida albicans none of them
showed antimicrobial activities. The data summarized in Table (3.12)
demonstrated the extraction of extracellular antimicrobials metabolites with
chloroform against tested microbial pathogens, which assessed no any
antimicrobial activities against the tested pathogens for all isolates except isolate
KHI16 that achieved an antimicrobial activity against Escherichia coli
ATCC25922 about 10mm.

Khan and Patel (2011) extracted metabolites with chloroform about 12
mm and 13 mm inhibition for Staphylococcus aureus and Escherichia coli
respectively, but they did not record any activities for the extraction with ethyl
acetate. Results for the extraction of antimicrobial metabolites with organic
solvents were showed better than those of Lertcanawanichakul et al., (2015)
from Streptomyces lydicus A2. They obtained antimicrobial activities, extracted
by ethyl acetate and methanolic about 16mm and 17 mm zone of inhibition
against Staphylococcus aureus respectively, while there was not any inhibition
against Escherichia coli. Extraction with n-hexane also did not show any

antimicrobial activity.

Bode et al. (2002) explained that the antimicrobial compounds secreted
to the culture medium (fermented broth) can be easily extracted when using one
of the most suitable organic solvents. Selvameenal et al. (2009) stated that the
extracellular crude extract from fermented cultures was prepared for secondary
screening protocol and when extracting their bioactive antimicrobial metabolites,
different organic solvents were used on the basis of their differentiation in their
polarity to organic solvents against antimicrobial metabolites presented in

actinomycetes.
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Suthindhiran and Kannabiran (2010) explained that the bioactive
compounds (secondary metabolites) after filtration can be recovered with a
suitable organic solvent as an extraction method, by treating it with an equal
volume of appropriate solvents for about 1 to 2 hours such methanol, n-butanol
and ethyl acetate. Vijakumar et al. (2010) evaluated the extraction with organic
solvents for bioactive compounds from isolated actinomycetes and the results
indicated that the extraction with ethyl acetate gave the maximum antimicrobial
activity against the tested microorganisms, while extracting with other solvents
showed a moderate activity or no activity as antimicrobial compounds.

Table 3.12: Antimicrobial activities of locally isolated actinomycetes (Chloroform
extract), fermented on ISP2.

Zone of inhibition (mm)
Isolate No. | staphylococcus Escherichia coli Candida albicans
aureusATCC 25923 ATCC25922 ATCC 10231
KH 14 0 0 0
KH 16 0 10 0
KH 18 0 0 0
KA 19 0 0 0
KA 38 0 0 0
KA 39 0 0 0

0= no inhibition

The data presented in Table (3.13) summarized the extraction of
extracellular antimicrobial metabolites with n-butanol against tested microbial
pathogens as shown in Figure (3.3) plate F. The isolates KH14, KA19 and KA39
performed antimicrobial activities against gram positive bacteria Staphylococcus
aureus ATCC 25923 about 27, 28 and 11 mm respectively, while KH16, KH18
and KA38 didn’t show any an antimicrobial activities, while the isolate KH16

showed antimicrobial activity about 9mm zone of inhibition, on the other hand,
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for Candida albicans ATCC 10231 all isolates showed antimicrobial activities
except isolates KH16 and KH18 as presented in Table (3.13).

As a final point, the data presented in Table (3.14) summarize the
extraction of extracellular antimicrobial metabolites with n-hexane against the
tested microbial pathogens as shown in Figure (3.3) plate C. All isolates failed to
show any antimicrobial activities against all tested microbial pathogens except
isolate KA19 that performed antimicrobial activities 27 and 11 mm for

Staphylococcus aureus and Candida albicans respectively.

The results indicated that all the isolated actinomycetes had higher
powerful activities against Staphylococcus aureus than Escherichia coli. Similar
results were earlier obtained by Anansiriwattana et al. (2006); Charoensopharat
et al. (2008) Hozzein et al. (2011); Al-Hulu et al. (2011); Kekuda et al. (2012)
and Lertcanawanichakul et al. (2015).

Table 3.13: Antimicrobial activities of locally isolated actinomycetes (n-butanol
extract), fermented on ISP2.

Zone of inhibition (mm)
Isolate No. || Staphylococcus Escherichia coli | Candida albicans
aureusATCC 25923 ATCC25922 ATCC 10231
KH 14 27 0 10
KH 16 0 9 0
KH 18 0 0 0
KA 19 28 0 11
KA 38 0 0 13
KA 39 11 0 20

0= no inhibition
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Table 3.14: Antimicrobial activities of locally isolated actinomycetes (n-Hexane
extract), fermented on ISP2.

Zone of inhibition (mm)
Isolated no. | Staphylococcus Escherichia coli | Candida albicans

aureusATCC 25923 ATCC25922 ATCC 10231
KH 14 0 0 0
KH 16 0 0 0
KH 18 0 0 0
KA 19 27 0 11
KA 38 0 0 0
KA 39 0 0 0

0= no inhibition

The results of the extraction of antimicrobial metabolites with organic
solvents were summarized being related to their ability to extract extracellular
antimicrobial metabolites. They showed that n- butanol, methanol, ethyl acetate,
n- hexane and chloroform had activities against the tested microbial pathogens
by producing the zones of inhibition as follows 44.4%, 27.7%, and 16.6%,
11.1% and 5.55% respectively. In addition, these obtained results were in a
disagreement with those obtained by Abdul Wahab et al. (2015), who
documented that ethyl acetate provided the best solvent for the extraction of
antimicrobial metabolites followed by chloroform, while both ethanol and
methanol solvents were unable to extract the antimicrobial metabolites.
Furthermore, within the obtained results, ethyl acetates followed by methanol
showed the best solvents for the extraction of antimicrobial metabolites
especially against Staphylococcus aureaus, but chloroform seems to fail to
extract the main extracellular antimicrobial metabolites except isolate KH16
against Escherichia coli. This was in disagreement with the result obtained by

Khan and Patel (2011) who recorded that chloroform was the best solvent for
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extracting the extracellular metabolites, while, the organic solvent such n-hexane
ranged in between for their activity among all used organic solvents.

3.3.3 Extraction of Intracellular Antimicrobial Compounds (Metabolites)

The data presented in Table (3.15) summarize the antimicrobial activities
of the intracellular extract against reference microbial strains Staphylococcus

aureus, Escherichia coli and Candida albicans.

All isolates showed antimicrobial activities against Staphylococcus aureus
ATCC25923, in which the isolate KA19 recorded the greatest antimicrobial
activity exactly 40mm zone of inhibition. On the other hand, both KH16 and
KA39 recorded the lowest activities, exactly 19mm; while for Escherichia coli
ATCC25922 only isolate KH18 showed an antimicrobial activity 30mm but the
rest of other isolates did not show any activities. Moreover, only isolates KH16
and KH18 did not show any antimicrobial activities against Candida albicans
ATCC 10231, and the rest of other isolates performing antimicrobial activities
KH14, KA19, KA38 and KA39 about 20mm, 11mm, 15mm, and 25mm zone of
inhibition respectively as presented in Table (3.15).

The results for performing antimicrobial metabolites activities from
intracellular metabolites exhibited that most of the isolates showed activities
against both Staphylococcus aureus and Candida albicans while only one isolate
showed activity against Escherichia coli. In comparison to the extracellular
crude extract, a powerful result achieved in Table (3.6) with intracellular crude
extract results as in Table (3.15). In general, the extracellular crude extracts
exhibited somewhat better activity than intracellular crude extracts at the basis of
their recording positive cases against tested microbial pathogens, in which
recording 12 and 11 cases for extracellular cellular extract alone and intracellular

extract alone activities, respectively.
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Saravana Kumar et al. (2012) studied the antagonistic activity of
intracellular extract for isolated actinomycetes species against gram positive and
negative bacteria. The inhibition zone against Staphylococcus aureus was
21mm while against Escherichia coli was 20mm. The study of Khan and Patel
(2011) also documented intracellular extract activities extracted with methanol
against Staphylococcus aureus about 24mm zone of inhibition and 25mm against

Escherichia coli.

Table 3.15: Antimicrobial activities of locally isolated actinomycetes (intracellular
metabolites extract), fermented on ISP2.

Zone of inhibition (mm)
Isolate No. Staphylococcus | Escherichia coli Candida albicans
aureusATCC ATCC25922 ATCC 10231
25923
KH 14 23 0 20
KH 16 19 0 0
KH 18 17 30 0
KA 19 40 0 11
KA 38 20 0 15
KA 39 19 0 25

0= no inhibition
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3.3.4 Comparison between Synthetic Antibiotic Discs Activities and

Extracellular Crude Extract

The results presented in Table (3.16) showed that the highest activity
against Staphylococcus aureusATCC 25923 was recorded by Cefotaxime 30 ug
exactly 35mm zone of inhibition, while the lowest result was recorded by
Tetracycline 30 ug 12mm zone of inhibition against Staphylococcus
aureusATCC 25923. On the other hand , the highest results for Escherichia coli
ATCC25922 were documented by Gentamicin 10 ug exactly (30mm zone of
inhibition) , but the lowest results failed were recorded by Amoxicillin 25 ug,
Erythromycin 15 ug, Tetracycline 30 wug, Methicillin 10ug,
Amoxicillin/clavulanic acid 25 ug in which none of them showed any activities
against Escherichia coli ATCC25922. Unfortunately, none of the synthetic
antibacterial discs used showed antimicrobial activities against Candida albicans
ATCC 10231.
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Table 3.16: Antimicrobial activities of antibiotic discs on tested microbial pathogens.

Zone of inhibition (mm)
Staphylococcus | Escherichia | Candida
No. Antibiotics name Abbreviation | aureusATCC coli albicans
25923 ATCC25922 ATCC
10231
1 Amoxicillin 25 ug AX 24 0 0
2 Gentamicin 10 ug CN 26 30 0
3 Cefotaxime 30 ug CTX 35 27 0
4 Streptomycin 10 ug ST 16 16 0
5 Pencillin G 10nuit PG 21 20 0
6 Vancomycin 10 ug VA 30 24 0
7 Erythromycin 15 ug E 23 0 0
8 Tetracycline 30 ug TE 12 0 0
9 Methicillin 10 ug ME 30) 0 0
10 | Amoxicillin/clavulanic25 AMC 18 0 0

0= no inhibition

The comparison between synthetic antibiotic discs and locally isolated

actinomycetes activities against tested microbial pathogens were presented in

Table (3.16) and the results presented previously in Table (3.6), which

represented the antimicrobial activities of locally isolated actinomycetes

extracellular crude extract fermented on ISP2. The result presented in Figure

(3.4, 3.5 and 3.6) shows the comparison between synthetic antibiotic discs and

locally isolated actinomycetes activities extracellular crude extract against
Escherichia coli ATCC25922, Staphylococcus aureusATCC 25923 and Candida
albicans ATCC 10231 respectively.
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Figure 3.4: Comparisons between different synthetic antibiotic discs with
antimicrobial activities of locally isolated actinomycetes (extracellular crude extract)
on Escherichia coli ATCC25922

The data presented in Figure (3.4) summarize the comparisons between
different synthetic antibiotic discs with antimicrobial activities of locally
isolated actinomycetes extracellular crude extract on Escherichia coli
ATCC25922, only two of locally isolates showed antimicrobial activities
KH14 and KH16 exactly 13mm zone of inhibition, while the others failed to
perform any activities against gram negative bacteria Escherichia coli. On the
other hand, many of the synthetic antibiotic discs also failed to perform
antimicrobial activities such Amoxicillin, Erythromycin, Tetracycline,
Methicillin and Amoxicillin/clavulanic acid. The most antimicrobial activity
against Escherichia coli was obtained by Cefotaxime 30 ug exactly 30mm zone

of inhibition.
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Figure 3.5: Comparisons between different synthetic antibiotic discs with
antimicrobial activities of locally isolated actinomycetes (extracellular crude extract)
on Staphylococcus aureusATCC25923.

The comparison between different synthetic antibiotic discs with
antimicrobial activities of locally isolated actinomycetes extracellular crude
extract for gram positive bacteria Staphylococcus aureus was presented in Figure
(3.5), which summarized that all used antibiotic discs having antimicrobial
activities ranged between 12 to 35mm zone of inhibition ,as well as, all locally
isolates actinomycetes also having antimicrobial activities except isolate KA38

which failed to inhibit the growth of Staphylococcus aureus.

The highest antimicrobial activities for synthetic antibiotic discs were
recorded by Tetracycline 30 ug 35mm zone of inhibition followed by
Azithromycin 15 ug and Amoxicillin 25 ug each with 30mm inhibition, on the
other hand, the locally isolate actinomycetes KA19 exhibited the highest activity
against gram positive bacteria Staphylococcus aureus exactly 33mm zone of
inhibition which indicated that its antimicrobial activity greater than all used
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synthetic antibiotic discs except tetracycline 30 ug which record 35mm
inhibition. The remaining isolates activities against Staphylococcus aureus
ranged from 30, 16, 16 and 13 mm zone of inhibition for KH14, KH16, KA39
and KH18 respectively.

Figure (3.6) summarize the comparisons between different synthetic
antibiotic discs with antimicrobial activities of locally isolated actinomycetes
extracellular crude extract on Candida albicans ATCC 10231. The results
showed that none of the synthetic antibiotic discs were used exhibiting
antimicrobial activities against Candida albicans ATCC 10231, because all used
antibiotic discs were characterized as antibacterial activities, in contrast, all
isolated actinomycetes performed the antimicrobial activities against Candida
albicans ATCC 10231, except isolate KH18 did not perform any activity. The
maximum antimicrobial activities were recorded by KA39 exactly 24mm, while
other isolates KA38, KA19, KH14 and KH16 recorded 23, 21, 12 and 11 mm

respectively as presented in (Figure 3.6).

The results obtained from locally isolated actinomycetes against tested
microbial pathogens inhibition, were in agreement with those obtained by Al-
Hulu et al. (2011) and Jaralla and Noor (2014) from locally isolated
actinomycetes through having effective and significantly activities when
comparing to synthetically antibiotic discs against several human microbial

pathogens.
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Figure 3.6: Comparisons between different synthetic antibiotic discs with
antimicrobial activities of locally isolated actinomycetes (extracellular crude extract)
on Candida albicans ATCC 10231.

3.3.5 Physio-chemical and Biological Properties Changes throughout

Fermentation Process

Interaction between growing isolated actinomycetes isolates with culture
medium (broth) during the entire fermentation process caused several changes in
physiochemical properties such as broth color, absorbance (O.D) of the growth
state and pH of the medium’s broth after completing the fermentation process 7
days of incubation at 28+1°C, the results are summarized in Table (3.17) and
Figure(3.7).

Table (3.17) shows the physio-chemical properties changed throughout the
entire fermentation process, the general properties of the broth before inoculated
with isolates were golden, 0.020 and 7.3 for broth color, optical density at

600nm and pH of broth culture respectively. However, after completing the
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fermentation process the color of the broth became widely different to the initial

time of inoculation as presented in Table (3.17) and Figure (3.7).

The results were in agreement with Dietz (1994) who described that
studying the actinomycetes species at the level of microscopic and macroscopic
levels showed a high diversity and distinction for determining their
characterization patterns such as color, appearance and physio-chemical

properties.

The growth condition was studied by determining their optical density
values (growth state with the highest optical density (O.D) having high amount
growth rate and vice versa) of the broth absorbance at 600nm, after 7 days of
incubation at 28+1°C for all isolates. The isolates KA38 and KA39 recorded the
highest level of O.D which gave 0.932 and 0.922 respectively, while the rest of
all other isolates O.D (growth) ranged from 0.850 to 0.580 as summarized in
Table (3.17).

Table 3.17: Comparison of physiochemical properties of fermented broth throughout
fermentation process of locally isolated actinomycets growing on ISP2.

Broth color 0.D pH
at 600 nm
Isolate No. | Initial | After 7days | Initial | After 7days | Initial After 7days
time fermentation || Blank | fermentation | time fermentation
KH 14 Golden Orange 0.020 0.591 7.3 8.1
KH 16 Golden Milky 0.020 0.687 7.3 6.5
KH 18 Golden Milky 0.020 0.841 7.3 7.9
KA 19 Golden Creamy 0.020 0.607 7.3 8.7
KA 38 Golden | Brownish gray | 0.020 0.936 7.3 9.1
KA 39 Golden | Brownish gray | 0.020 0.922 7.3 8.6
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Valli et al. (2012) and Gebreyohannes et al. (2013) described the
morphologically characteristics of the isolated actinomycetes, and our results
were in agreement with their results in case of aerial mycelium, substrate
mycelium growth, color and pigmentation depending on the culture media,
inoculation amount and incubation periods showed a distinct variation. Colonies
also appeared as leathery, white powdery, creamy, pinpoint and powder colonies

of actinomycetes.

Also summarize the changes occurred in the pH value at the zero time
(initial). After seven days fermentation, all isolated actinomycetes strains
increased their pH value to become more alkaline except KH16 which was
decreased under the initial time of inoculation pH 7.3. However, the highest pH
value was recorded by KA38 exactly 9.1 and the other isolates recorded 8.1, 6.5,
7.9, 8.7 and 8.6 for KH14, KH16, KH18, KA19 and KA39, respectively.

The results also conformed to those described by Desai and Phatak (2010)
who explained that the growth of actinomycetes species at neutral pH was
decayed and its growth would be increased when cultivated in a higher pH range
as well as increased their growth rate. In general the actinomycetes species
preferred alkaline condition, On the other hand, both Augustine et al., (2005) and
Muiru et al. (2007) revealed that the stability of antimicrobial metabolites

(antibiotics) was highly affected by the amount of pH values.

96



Chapter Three Results and Discussion

N.C KH14 KHI16 KHI18 KA19 KA38 KA39
Figure 3.7: Physiochemical properties comparison during the entire fermentation
process for locally isolated actinomycetes, growing on ISP2, N.C = negative control.

3.4 Electing the Most Active Isolated Actinomycetes to Complete the Study

According to the obtained results, the isolate KH14 showed the higher
sntimicrobisl metabolities production, and it was selected for the following steps

and completing the Amis of the study.
3.5 Evaluating Cultural Growth Requirement of KH14 Isolate

The production of antimicrobial metabolites is considered as the one of the
main products of the secondary metabolites, which they are not straightly
concerned in the normal growth, development, or reproduction of an organism
(Shomurat et al., 1979), this means that the microorganisms reached to the
stationary phase. However, high microorganisms’ population as well as high

amount, production of secondary metabolites, will achieve this truth. Our project
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will rely on several parameters that lead to optimize the isolated production, such
as growth curve studying (growth kinetic), optimum pH value and salt tolerance
(NaCl) value.

3.5.1 Evaluating Growth Curve (Growth Kinetics) of KH14 Isolate

Stationary phase of the normal growth curve for bacterial growth was
considered as a phase that gives the highest amount of secondary metabolites as
mentioned by Khan and Patel (2011). For determining the stationary phase, the
isolated KH14 was growing on malt extract yeast extract broth 1SP2, through
recording the growth state by measuring the absorbance of the growth and
obtaining the optical density (OD) at 600nm. The results presented in Figure
(3.8) summarize the growth state activity of the isolate KH14 when their growth
starts after 24 hours of incubation, with starting inoculums. OD was about
0.067in the first day and in second day it reached into 0.315 , which indicated
that the isolate completed its lag and log phase in the growth curve only
through two days ,because at the 3™ day of incubation it was reached the
maximum OD 0.619. This means that the isolate reached to the stationary phase,
therefore, the isolate would be able to start the production of secondary
metabolites after three days of incubation, while as presented in Figure (3.8) the

curve would decrease down after 3" days of incubation.

The results also agreed with those obtained by Boudjelal et al. (2011)
with regard to the maximum growth of 3 days incubation, Attimarad et al.
(2012) maximum of 3 days incubation 72 hours and maintained at this level till
129 h; Chawawisit et al. (2015) maximum recorded of 3days. In contrast, in the
study of Khan and Patel (2011) for isolate MJA 1105 in 4™ days the stationary

phase was reached. Abdul Wahab et al. (2015) also obtained the same results in
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the study of GZ0O24 when the stationary phase was reached in 4 days and ended
in 6 days of incubation. When the isolate started producing antimicrobial
metabolites at log phase, the concentrated activity was found at the stationary
phase. Besides, Kojiri et al. (1992) recorded the maximum activity in 6 days;
Bouras et al. (2013) started from 7 days and continued to 9 days, and, finally
Maataoui et al. (2014) started at 7 days and remain till 10 days of incubation.
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Figure 3.8: Growth kinetic curve of locally isolate actinomycetes KH14, growing
ISP2 for 6 days.

3.5.2 Determination of Optimum pH Value of KH14 Isolate

Kutzner (1986) and Locci (1989) state that Streptomycetes are well-
known species of actinomycetes which preferred neutral to alkaline environment
pH when the optimal growth of them ranged 6.5 to 8. However, some
actinomycetes (streptomycetes) have been found in acidophilic environment as
described by Kontro et al. (2005). For determining optimum pH, the isolated

actinomycete KH14 was growing on yeast extract malt extract broth with
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different pH values ranging from 4, 5, 6, 7, 8, 9, and 10. Their growth rate was
measured spectrophotometrically at 600 nm. The results presented in Figure
(3.9) summarize the determination of the optimal pH value for isolate KH14.
According to the presented data the highest amount of absorbance 0.409 was
recorded at pH 8, which means the maximum amounts of growth was achieved
after four days of growth of isolate KH14 with pH 8, while the remaining pH
values gave high O.D values especially pH 9 and pH 7 about 0.204 and 0.211
respectively. This result indicated that the isolated had a wide range for growth

in different pH values, especially at alkaline ranges.
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Figure 3.9: Evaluating optimal pH value of locally isolate actinomycetes KH14
growing on ISP2 after 4 days of incubation.

The optimum pH value for the locally isolated of actinomycete KH14
recorded the optimum value at pH 8. This result was in between with regard to
the results obtained by the previously published research.  Boudjelal et al.
(2011) recorded that the pH varied between 7.2 and 8.6 during the incubation of
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its isolated strain, while Khan and Patel (2011) documented the optimum pH for
their isolated strain MJA 1105 exactly with pH 9. Finally, Attimarad et al.
(2012) observed that the optimum pH was 7 for their isolated strain.

3.5.3 Determination of KH14 Isolate Salt-Tolerance NacCl

The ability of the isolate KH14 for growing ISP2 which supplemented
with different NaCl salt concentrations ranging from 1 to 9% NaCl, which was
determined at the basis of salt tolerance against growth rate state, and the growth
rate was measured spectrophotometically through determining the amount of
optical density at 600nm.

The data in Figure (3.10) summarize the salt tolerance of isolate KH14,
which indicated that the isolate tolerated salt concentration till 5%, while above
this concentration from 6% to 9% no growth was seen as shown in Figure (3.10),
because the absorbance became below the blank value which means there was
not any growth. In the study of Singh, et al. (2014) on Streptomyces sannanensis
SU118, salt tolerance of NaCl was found about 3%. This results were also
obtained by Khan and Patel (2011); Abdul Wahab et al. (2015). Furthermore, the
results were in agreement with those obtained by Boudjelal et al. (2011) and
Gebreyohannes et al. (2013) who isolated actinomycetes species that survive till
5% NaCl concentration.

Selvakumar et al. (2010) mentioned that the bioactive potential of
Streptomyces it was revealed that many species are found in salty soil and marine

so that they are considered highly tolerant to salinity.
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Figure 3.10: Evaluating NaCl salt tolerance of KH14 isolate growing on ISP2
supplemented with different NaCl concentration.

3.6 Determination of Minimum Inhibition Concentrations (MICs) of KH14

Isolate Extracellular Crude Extract

Extracellular crude extract of isolate KH14 was used to determine its
MICs against references microbial strians. The concentrations were used ranged
from 1, 2, 4, 8, 16, 32, 64, 125, 250, 500, 600, 700 and 800 ul /ml, and the

nutrient broth was used as a culture medium broth.

The data presented in Table (3.18) summarize minimum inhibition
concentrations against microbial pathogens. The MIC values for microbial
strains Escherichia coli ATCC25922, Staphylococcus aureus ATCC 25923 and
Candida albicans ATCC 10231 were recorded 500 ul /ml, 64 ul /ml and 500 ul /ml
respectively. This indicated that the extracellular crude extract was very strong
against Staphylococcus aureus, as well as it had a moderate activity against both
Escherichia coli and Candida albicans. Our results were agreed with those

described by Pandey et al. (2004); Mukai et al. (2006); Xie et al. (2007); Gurung
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et al. (2009); Ababutain et al. (2012) and Gebreyohannes et al. (2013) which
were intended for the activities of the bioactive metabolites against both gram
positive and negative bacteria. Kumar et al. (2012) and Nanjwade et al. (2015)
reported the activity of their isolated actinomycetes against only Staphylococcus
aureus and Candida albicans without obtaining any activity against Escherichia
coli.

Ababutain et al. (2012) studied the MIC of locally isolated actinomycetse
in fine points and they obtained results after 24 hours of incubation on nutrient
agar Staphylococcus aureus ATCC 6538P 31.25ug/ml; E. coli ATCC 7839
15.62ug/ml and Candida albicans ATCC 10231 31.25ug/ml.

The activity of extracellular crude extract of isolated KH14 against tested
microbial pathogens cannot be achieved with Kirby-Bauer test because this can
not determine their bacteriostatic and bactericidal activities. However, the results
presented in Table (3.18), also summarize the activity and determination of both
bacteriostatic and bactericidal. All the tested microbial pathogens after inhibiting
them by the activity of the extracellular crude extract have the ability to re-grow
on prepared nutrient agar. In conclusion, the isolate KH14 has bacteriostatic

activities on the microbial pathogens without achieving any bactericidal activity.
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Table 3.18: Estimating minimum inhibition concentrations, bacteriostatic and

bactericidal activity of extracellular crude extract of isolate KH14.

Extracellular Crude
concentration ul /ml

Staphylococcus
aureusATCC 25923

Escherichia coli
ATCC25922

Candida albicans
ATCC 10231

1

+

2

4

8

16

32

64

125

A+l + ]+ ]+ + ]+

A+ +[ [+ ]+ ]+

250

500

600

700

800

NC (broth +crude)

PC(broth +pathogen)

Bacteriostatic assay

+

I R Y ——

+

+

Bactericidal assay

NC; Negative control, PC; positive control, +; growth, - ; No growth (inhibition)

3.7 Antioxidant Activity of the KH14 Isolate

The results presented in Figure (3.11) summarize the antioxidant activity

of KH14 crude extract. A gradually increase of the extracellular crude extract

concentration caused an increasing scavenging free radical ability until reaching

the 20mg/ml of extract which scavenged 91% of the formed DPPH free radical.

Our results were also supported by those found by Mbwambo et al. (2007) that

DPPH radicals scavenging was in manner of dose-dependently increased. Koleva

et al. (2001) stated that the DPPH assay when obtain one more electron; the

absorbance would decrease when an antioxidant agent was present. The 1Cs, for

our extracellular crude extract was 5.24 mg/ml that inhibits 50% of free radical
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formed by DPPH, while the ICs, of the ascorbic acid as a standard was only
0.492 mg/ml.

Extracellular crude extract of KH14 was able to convert the violet color of
DPHH free radical to yellow diphenyl picryl hydrazine after 30 minutes in a dark
place at room temperature. According to the principle of DPHH assay described
by Braca et al. (2001), the DPPH was considered as a good reagent for
evaluating the free radical scavenging, with the ability of hydrogen donating as
antioxidant. There fore, transferring the hydrogen atoms or electrons to formed
DPPH radicals, which finally neutralized their radical activity. Furthermore,
Asatian et al. (2007) described that each of nucleic acids, proteins, lipids or
DNA, when oxidized with a free radical, the main characteristic of the
antioxidant agents was to trap this formed free radicals and all the organisms
possessing a highly specialized defense mechanism that attacks the free radical
generated which is called “antioxidant system”. The result for scavenging free
radical activity showed less activity than those obtained by Saravana Kumar et
al. (2014); Eva et al. (2014) and Naine et al. (2015) who obtained 1Cs, of their
extracts from isolated actinomycetes with a concentration less than our

concentration.
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Figure 3.11: DPPH scavenging activity and total antioxidant activity of extracellular
crude extract (KH14). (Plate A) percentage antioxidant scavenging activity of crude
concentration; (Plate B) the results presented as Log concentration in contrast to the
percent activity for inhibition.

The results presented in Figure (3.12) summarize the evaluation the
antioxidant properties of ascorbic acid with different concentrations, used as a

standard for measuring the ability of our isolate scavenging activity via making a
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standard curve from the ascorbic acid, and calculating the 1Cs, scavenging

activity.
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Figure 3.12: DPPH scavenging activity and total antioxidant activity of different
concentrations of ascorbic acid.

3.8 Partial Purification of Extracellular Crude Extract of KH14 Isolate

Partial purification of extracellular crude extract was carried out by
extracting the ethyl acetate and determining the bioactive compounds with a thin
layer chromatography (TLC) through carrying out bioautography in the
presences of tested microbial pathogens. However, the ethyl acetate extract and
scraped spots of TLC were further studied by analyzing the bioactive compounds
using HPLC-MS and GC-MS.

3.8.1 Partial Purification by Thin Layer Chromatography (TLC) and
Bioautography

The extracellular crude extract was subjected to TLC in order to separate
and identify the bioactive compounds. When the extracellular crude extract was

spotted on pre-coated silica gel sheet, different mobile phases (solvents) were
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used to achieve the best separation through determining the Ry values of the
separated spots. The overall procedure and results for carrying out thin layer
chromatography and bioautography were presented in Figure (3.13). Starting
with testing different mobile phases, determining different spot place,
determining the bioactive compound by bioautography and finally testing
isolated spot separately against tested microbial pathogens were presented in
Figure (3.13 A, B, C and D respectively ). Furthermore, the data in Figure (3.14)
including the plate (E, F, G and H ) exhibited a series of spots placed on TLC
plates and run at the same time to obtain large amounts of bioactive compounds
and dry separated spots in order to be scraped for collecting bioactive
compounds and finally collecting scraped spots of bioactive compounds,

respectively.

The extracellular crude extract showed four different spots on TLC plate
as shown in Figure (3.14 B), but only one of them exhibited an antimicrobial
activity when testing via bioautography, as presented in Figure (3.14C).
Considinet and Mallette (1965) and Awais et al. (2007), stated that thin layer
chromatography and bioautography are regularly used for primary separation and
characterization of antimicrobial compounds from producing microorganisms
especially determining the position of the hot spot on the TLC plate. According
to the above mentioned procedure and displayed results, only one spot exhibited
an antimicrobial activity against the tested microbial pathogens when evaluating
its activity through bioautography as presented in Figure (3.13 Plate C). In order
to determining the Ry of the bioactive spot and its solubility with different mobile
phase tested. The results presented in Table (3.19) summarize all R; values for
each solvents used with its ability to dissolve the spots that carry the bioactive

compounds.

108



Chapter Three Results and Discussion

The results agreed with those obtained by EI-Naggar et al. (2006);
Boudjelal et al. (2011) and Rana and Salam (2014). All such researchers
obtained a single active spot in their isolated actinomycetes with different R¢
values which were using different organic solvents in mobile phase, after
applying the direct bioautography assay for determining their position, Maataoui
et al. (2014) obtained three spots on TLC plate and only one of them showed an

antimicrobial activity.

Among the solvents used as mobile phases, 100% ethanol exhibited
the highest Rf about 0.92 and the lowest Rswas obtained by 100% water about
0.3, while both solvents toluene 100% and n-Hexan 100% didn not show any
actions to separate the extracellular crude extract. On the other hand, in the case
of solubility of extracellular crude extract , ethyl acetate 100% exhibited the
highest solubility(+++), while toluene and n- Hexane were not capable of
dissolving the extracellular crude extract. Furthermore, in case of using mixing
solvents (mixture) as a mobile phase, the highest R; value was (0.69) obtained
by Ethyl acetate :Methanol: Water (10:1.5:1) , as well as performing the highest
solubility activity(+++), but (Methanol : Chloroform 6:4) recorded the lowest
R¢ value 0.38, and Toluene: Ethyl acetate (93:7) did not record any R value as
presented in Table (3.19).

These results agreed with those obtained by El-Tayeb et al. (2004);
Atta (2010) and Ababutain et al. (2012) who stated that the bioactive
antimicrobial metabolites were insoluble in n-Hexane while soluble in methanol,
ethyl acetate, chloroform, n-butanol, acetone with different R¢ values ranged

from 0.92 cm to 0.3 cm.
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D

Figure 3.13: Overall procedure and results of TLC and bioautography of extracellular
crude extract of KH14. Plate A different solvents were used, Plate B four clearly spots
were separated with different R values, plate C showed bioautography only one spot
was capably for inhibition microbial pathogens, Plate D showing the spot that
containing bioactive compounds cropped by scissor and tested.
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Figure 3.14: Overall procedure and results of TLC and bioautography of extracellular
crude extract of KH14, Plate E and F showed a series of extracellular crude extract
placed on silica gel plates, Plate F the plate was in state of running, Plate G separated
spots were dried at room temperature, Plate H the spots after separating were scraped
and collected in dry tube.
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Table 3.19: Ry values and solubility of KH14 extracellular crude extract

Solvents (mobile phase) Rt value (cm) Solubility

Ethyl acetate 100% 0.81 +++

Methanol 100% 0.84 ++
Chloroform100% 0.14 +

Water 100% 0.3 ++
n-Hexan 100% 0.0 -
Toluene 100% 0.0 -

Acetone 100% 0.9 ++

Ethanol 100% 0.92 ++
n-Butanol 100% 0.6 +
Acetic acid 100% 0.87 +

Ethyl acetate :Methanol: Water (10:1.5:1) 0.69 +++
Toluene: Ethyl acetate (93:7) 0.0 -

Methanol : water (6:4) 0.65 ++
Ethyl acetate : Chloroform : Water (95:5:5) 0.40 +
Methanol : Chloroform ( 6:4) 0.38 +
Ethyl acetate : Toluene :Methanol :Chloroform 0.59 +

‘Water (1:1:1:1:1)

(+++; very good solubility: ++ Good solubility: + Moderate solubility: - ; not
dissolved)

3.8.2 Analyzing the Bioactive Compounds by High Performance Liquid
Chromatography Mass Spectrometer (HPLC-MS)

Both ethyl acetate extract and scraped spots from TLC were subjected to
(HPLC-MS) in order to analyze the bioactive compounds (antimicrobials).
Separation and analysis were carried out with a HPLC-MS (Waters 2545-USA),

quaternary gradient module operated in positive ionization mode at a range from
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(mass-to-charge ratio) m/z = 200-900, combined with photodiodes array detector
(Waters 2998) with a sampling rate of 2 point/sec (Lambda range 190-800 nm).
Different analyzing states of both ethyl acetate extract and scraped spot from
TLC were obtained in the form of Mass chromatogram, UV chromatogram,

Mass spectra and finally UV absorbance.

The results presented in Figure (3.15) displayed the mass chromatograms,
in which Hites and Biemann (1970) defined the chromatogram as “a mass
chromatogram is a representation of mass spectrometry data as a chromatogram,
in which x-axis represented the times, while the y-axis represented the signal
intensity”. However, Figure (3.15) showed different peaks on the chromatogram.
The figure represents the different components in the sample mixture for ethyl

acetate extract.

The results presented in Figure (3.15) represent the mass chromatogram of
ethyl acetate extract. Clearly, there are more peaks appeared when comparing
with the scraped spot extract. This is means that our scraped spot contains only
bioactive compounds that exhibited antimicrobial activities. It also indicats that
our separation protocol by TLC procedure was done in the correct manner. The
highest peak signal intensity was obtained between retention times 1.73 to 2.30

minutes.
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Figure3.15: Mass chromatogram of ethyl acetate extract was done by HPLC-MS; all
separating time was 10 minutes.

High Performance Liquid Chromatography-Mass spectra with its
Photodiodes array was used to detect and identify compounds in the samples for
both ethyl acetate extract and scraped spot extract, in which a HPLC- UV detector
used light to analyze the samples through measuring the sample's absorption of
UV light at different retention time by scheming a Figure (relation) between X-
axis which denoted to the times (retention time) against Y- axis which denoted to

the absorption units (AU).

The results presented in Figure (3.16) summarize the UV chromatogram
of ethyl acetate extract, there were three clearly sharp peaks that appeared at 1.68,
5.38 and 5.72 minutes which indicated a very well separated mixture at the above

mentioned time with a clear absorption unit detected by UV detector.

In addition to identifying the exact compounds, they were founded at this
peak, clicking on them in available software within HPLC-MS instrument; help

us determine the molecular mass of the existing compounds at this retention time.
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Figure 3.16: UV chromatogram of ethyl acetate extract was done by HPLC-MS; all
separating time was 10 minutes.

The results presented in Figure (3.17) summarize all presented compounds
(or fragments of the compound) for both ethyl acetate extract and scraped spot
extract with their molecular mass separately. However, there was a huge
aggregate of compounds presented in this area. Unfortunately, all these
compounds may be formed as a result of captured compounds molecule during
the process of extraction, preparation and/ or through preparing the solvent for
HPLC analysis. Through consuming the results listed in Figure3.17 (A and B)
between ethyl acetate extract and scraped spot extract, we are encouraged to find
similarity between compounds or fragments of compound in both mass
spectrums. The data presented in Table (3.20) summarize all similar molecular
masses presented in both mass spectrums of ethyl acetate extract and scraped spot

extract with some means of probability.

115



Chapter Three

Results and Discussion

Table 3.20: Similar molecular mass presented in both ethyl acetate extract and scraped

spot extract at peak (5.47) in mass spectra analysis by HPLC-MS

No. | Ethyl acetate extract mass spectrum Scraped spot extract mass spectrum
(molecular mass at peak 5.47) (molecular mass at peak 5.47)
1 281.07 282.20
2 329.20 329.26
3 443.19 443.38
4 344.20 344.32
5 413.37 413.31
6 441.35 441.28
7 455.15 455.33
8 657.34 657.84

Hamedi et al. (2015) obtained five compounds, which may be not

previously isolated from microorganisms. So, they can made with five new
probable bioactive metabolites with molecular mass of 274.2, 390.3, 415.3, 598.4

and 772.5, based on their UV absorption spectra and molecular weight values

which did not match and verified with the natural compounds in the accepted

product database. On the basis of this foundation, the obtained results may be

new natural compounds that need a further study.
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Figure 3.17: Mass spectra analysis of peak (5.47) for both ethyl acetate extract and
scraped spot extract, Plate (A) represented scraped spot extract mass spectrum analysis
while, plate (B) represented ethyl acetate extract analysis.

Besides to the results obtained in Figure (3.15), mass chromatogram for
both ethyl acetate extract and scraped spot extract, UV absorbance, were carried
out for determining the compounds or fragments of a compound found.
Moreover, the potential UV absorbance carried out especially at peak 5.25 for

both scraped spot extract and ethyl acetate extract. The results presented in
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Figure (3.18) summarize all compounds that have a potential UV absorbance at
the peaks were previsouly mentioned. In the case of scraped spot extract there
were two sharp peaks that appeared to have UV absorbance at 221.85nm and
264.85nm, while in the case of ethyl acetate extract, there were three clearly
peaks that appeared to have a potential UV absorbance at 222.85, 264.85 and
442.85 nm, furthermore, the similarity between the two extracts on the basis of
UV absorbance was achieved by the second peak of both extracts which are
264.85nm indicating that this compound or fragment of a compounds played an
essential role in antimicrobial activities. Our results agreed with those obtained
by Pervez et al. (2015) that the bioactive compound of the isolated strain with
ethyl acetate extract exhibited a maximum UV absorption at 217-221 nm,

exactly for the first peak of the scraped spot.

Kurusu and Ohba (1987); Motta et al. (2006) and Sudha et al. (2013)
reported that the maximum UV absorbance for most of the peptide antibiotics
exhibited at 210-230 nm and 270-280 nm. Ababutain et al. (2012) also described
the maximum absorption UV as a spectroscopic characteristic for the bioactive

compound recorded at 269 nm.

118



Chapter Three Results and Discussion

A ﬁglmaﬁsexggaczcg‘ c'ts peak at5.25 Z Dode Amray
851
801
7501
7,061
6501
6001
5501
50e-1

2 45

4001

31

2001

2501,

2001 20485

1501

1001

500

=".'2g'8o'aﬂg'a_§g'a6_o'do'ség'séo'eba'séo'760'750'963"'
B Ethyl acetate extract,

UV absorbance of peak 5.47 2: Doc Array
s 1.191

1

1.0

90e-1

B.00 15

7 0014

32 son.
50&1.
40et
30et
20e-1

1001

DA N Y A" SN AR SN NN AL MG RN "
Figure 3.18: UV absorbance analysis of both ethyl acetate extract and scraped spot

extract at (peak 5.25), Plate (A) represented scraped spot extract mass spectrum analysis

while, plate (B) represented ethyl acetate extract analysis.
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Saadoun et al. (1999) obtained a maximum absorbance of their bioactive
compounds at 210 -260 nm. Finally lii et al. (2005) recorded a maximum
absorbance at 217 and 221 nm for their bioactive compounds extracted from their

isolate.

3.8.3 Analyzing Ethyl Acetate Extract of KH14 by Gas Chromatography
Mass Spectrometer (GC-MS).

The results presented in Figure (3.19) represent the GC-MS chromatogram
of the ethyl acetate extract with all its separated 12 peaks obtained during the
sample running, with a flow rate of 1.51 ml/minutes for the entire process. On
the other hand, by the means of (NIST) library and depending on peaks area
percentage, retention time, the molecular formula and the molecular weight of all
12 compounds were identified as summarized in Table (3.21).

These identified compounds may play as the major constituents alone or
with minor constituents offered (provided) as antimicrobial bioactive
compounds, as described formerly by Jalaluldeen et al. (2015). Furthermore,
different numbers of chemical compounds with different retention times and
abundances were obtained from the profiles of the fractions in (GC-MS)
supporting the fact that actinomycetes species contain large amounts of chemical
compounds with their different performing abilities (functions).

The whole achieved documents about ethyl acetate extract KH14 with
GC-MS were found through analyzing all 12 peaks with some of their chemical
info (chemical structure, mass peak, abundances and companies other names) as

presented in Appendices.
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Figure 3.19: GC-MS chromatogram of the ethyl acetate extract of KH14 analyzed
by GC-MS, with MS start time: 3.5 minutes and end time: 27 minutes.

The results of the present study agreed, on the basis of existing
compounds or their fragments, with those obtained by Scholler et al. (2002)
who studied the volatile compounds existent in actinomycetes ,they reported that
among the most frequently produced compounds were acetone,isoprene,2-
methyl-1-propanol, 1-butanol, 2-methyl-1-butanol, 3-methyl-3-buten-1-ol, 3-
methyl-1-butanol, cyclopentanone, dimethyl disulfide, 2-phenylethanol,
dimethyl trisulfide, and geosmin.
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Table 3.21: GC-MS analysis profiles were applied for ethyl acetate extract of KH14

isolate
Peaks | R. | Area% || Height% Name Molecular | Molecular
time Formula weight
1 7.22 | 10.69 3.85 2-Butanone, 3-hydroxy- C4H802 88
2 1212 | 2.39 2.32 DL-3-Methyl-2-butanol, | C7H1402 130
acetate
3 1355 | 16.31 18.21 3-Heptanol, 4-methyl- C8H180 130
4 16.93 | 4.22 7.96 Hexadecanoic acid, C17H3402 270
methyl ester
5 1856 | 1.49 2.72 n-Pentadecanol C15H320 228
6 20.08 | 3.40 3.54 Piperazine-2,5-dione, C12H18N4 282
1,4-dimethyl-3,3'-bis- 04
7 2151 | 3.00 2.21 1,2-Benzenedicarboxylic | C24H3804 390
acid, diisooctyl ester
8 22.08 | 1.25 1.93 1,2-Benzenedicarboxylic | C16H2204 278
acid, bis(2-methylpropyl)
ester
9 2292 | 7.85 9.29 Pentadecanoic acid C15H3002 242
10 || 23.73 | 841 341 .alpha.-Tocopherol- C35H6007 592
.beta.-D-mannoside
11 | 24.20 | 35.63 40.83 Hexanedioic acid, bis(2- | C22H4204 370
ethylhexyl) ester
12 | 25.28 | 5.35 3.73 n-Hexadecanoic acid C16H3202 256
100.00 | 100.00

Peak 8 with retention time 22.08 and molecular weight 278 Daltons

represented 1, 2-Benzenedicarboxylic acid, bis (2-methylpropyl) ester. This
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compound exhibited an antimicrobial activity in the study of Sastry and Rao
(1995) against a number of bacteria. Furthermore, this compound with another
company called (Diisobutyl phthalate) also accomplished another biological
activity like eliminating tumor cells in the bone marrow. This was also
documented by Nguyen, et al. (2007) who studied the effect of diisobutyl

phthalate on the melanogenesis inhibition.

Peak 12 represented n-Hexadecanoic at retention time 25.28 minutes. This
compound was also found by both Saravana Kumar et al. (2014) and Jalaluldeen
et al. (2015) in their profiles analysis of GC-MS from their isolated strains of

actinomycetes extracted with ethyl acetate.

3.9 Antitumor Activity of KH14 Extracellular Crude Extract

Determining the antitumor activities of extracellular crude extract of
KH14 was carried out using MTT assay against different cancerous cell lines,
like MCF7, PC3 and A375, through using different concentrations 400, 200, 100,
50, 25, 12.5, 6.25, 3.125, 1.562, 0.781, 0.390, and 0.195ug/mL. After incubating
the cell lines with the mentioned concentrations for 72 hrs, at 37°C the optical
densities were recorded at 570nm in triplicates trial.

The results presented in Table (3.22) summarize the mean percent cell

viability with its standard deviation for all cell lines used.
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Table 3.22: Antitumor activity of KH14 extracellular crude extract on A375, PC3 and

MCEF-7 cancer cell lines.

Concentration Cell viability%
ug/mL A375 PC3 MCF-7
Meanz SD Meanz SD Meanz SD

400 46.870+1.808 69.1757+2.754 24.1576+14.636
200 77.796+1.225 74.9958+0.536 67.5356+10.018
100 89.246+5.068 86.7365+7.205 78.1615+8.540
50 94.329+3.536 93.8782+2.400 79.751348.734
25 95.559+3.792 94.9036+3.129 83.7888+7.449
12.5 97.967+3.298 96.3146+2.051 86.2923+6.175
6.25 99.465+3.383 97.7117+£2.679 89.3378+3.444
3.125 100.107+3.034 98.3766+3.034 92.1626+2.339
1.5625 101.070+2.414 100.4862+2.794 03.8223+£2.921
0.78125 101.498+3.012 102.0592+0.755 95.5351+2.579
0.390625 102.568+3.161 103.1014+0.356 96.6806+3.948
0.195313 105.564+8.140 104.1771+0.975 98.0274+3.930

The results listed in Table (3.22) only highlighted the concentrations 400,
200, 100, 50, 25, 12.5 ug/mL that gave variable results, while the rest of other
results remained somewhat constant values. For all cell lines used as formerly
mentioned by increasing the concentration of the crude extract, their cell
viability rate was decreased which means that the rate of grown cancer cell lines
will be inhibited (decreased) and could not convert MTT compound to form

insoluble formazan products .
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The results presented in Figure (3.20) summarize the effects of different
extracellular crude extract concentrations on PC3, the concentration 400 ug/mL
exhibited the highest result 30.84% of the PC3 cells inhibited which means that
can not form the final formazan product. However, 69.18 of the cells were
remains viable during the entire incubation process. On the other hand, the
lowest results was recorded by 12.5 ug/mL that means only 3.69 of the PC3 cell
line were inhibited during the incubation process.

Results shown in Figure (3.21) represent the antitumor activities of
extracellular crude extract of KH14 on the MCF7. The highest result (cell
inhibition) was recorded by 400 ug/mL exactly 75.84% of MCF-7 were inhibited
after 72hr incubation which means only 24.16% of MCF-7 were able to
forminsoluble formazan products which remained as alive cells. On the other
hand, the 12.5 ug/mL concentration recorded the lowest result only inhibits

13.71% of the breast cancer cells) as presented in Figure (3.23).
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Figure 3.20: Antitumor activities of KH14 extracellular crude extract on PC3

cancer cell line

These results were higher than those of Abd-Elnaby et al. (2016) who
obtained 56% inhibition of MCF-7 cell line by the activity of their isolated strain
of actinomycetes El-4 after 72 hours of incubation via using MTT assay. our
extract inhibit 75.84% of MCF-7 cell line after 72 hours of incubation, and also
than Huyen et al. (2014) who reported that the actinomycetes strain HP411 only
inhibited 39.8% of MCF-7 cell line.
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Figure 3.21: Antitumor activities of KH14 extracellular crude extract on MCF-7

cancer cell line

The results in Figure (3.22) summarize the antitumor activities of
extracellular crude extract KH14 on the A375. The highest result for cell
inhibition was recorded by 400 ug/mL, exactly 53.1% after 72hr of incubation,
meaning only 46.9% of A375 were able to form insoluble formazan products
which remain as live cells. On the other hand, 100, 50, 25 and 12.5 ug/mL
concentrations recorded the percentage of cell viability as 77.8%, 89.2%, 94.3%,
95.6% and 98.0% respectively. Besides, the lowest results which were recorded
by 12.5 ug/ml, only inhibit 2% as presented in Figure (3.23). These results were

in agreement with those obtained by Saravana Kumar et al. (2014). The effect of
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extracellular crude extract was achieved with a concentration-dependent manner

(dose dependent).
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Figure 3.22: Antitumor activities of KH14 extracellular crude extract on A375
cancer cell lines.

The antitumor activities of KH14 extracellular crude extract among all
cancer cell lines were studied. The MCF-7 was the most one that highly
responded to the KH14 extracellular crude extract through inhibiting the
metabolically active cancer cells, while, A375 and PC3 cancer cell lines became
as second and third responded respectively. However, the MCF-7 cell lines were
used to complete the study, through studying their high content screen (HCS)
assay to determine the exact changes that occur during the incubation period at
the levels of cell size, morphology and some internal components, increasing the

extracellular crude extract concentration from 12.5 to 400 pug/mL against cancer
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cell lines viability for PC3, MCF-7 and A375, their cytotoxicity was increased as
well as the cell viability was decreased. Our results were in agreement with those
obtained by Mohsen et al. (2015) from their study for screening new bioactive
compounds against MCF-7 and A549 cell lines from crude extract fraction in

which the effect was dose dependent.

Mueller et al. (2002) and Azambuja et al. (2005) stated that the Antitumor
antibiotics (antitumorantibiotics / cytotoxic) are medications that prevent and
fight the growth of tumors, and the antitumor antibiotics produced by

Streptomyces species are precious in the medical field.

The results agreed with those described by Ravikumar et al. (2008) and
Rashad et al. (2015) who evaluated some genus of actinomycetes especially
Streptomyces to have energetically product compounds of functional bioactive
metabolites with a broad range of pharmaceutically application such as
antimicrobial metabolites, anthelminthic, antiviral and antitumor agents. Their in
vitro applications of cytotoxicity assay from the secondary metabolites against
different cancerous cell lines showed a significant antitumor activity, and this

effect was dependent on dose, isolated strains and types of cancerous cell lines.

Ayuso et al. (2005) also confirmed that some isolated actinomycetes strain
such Streptomyces are talented to produced dissimilar antitumor complexes with
various chemical natures because they anchorage different gene clusters which
encoded poly-ketide and non-ribosomal peptide synthases. Bode et al. (2002).
On the other hand described the way which can be used to isolate and extract
these bioactive metabolites by using different organic solvents because these
compounds were secreted into culture broth. Finally, Wadkins et al. (1998)
summarized the mechanism action of some of these compounds isolated and

extracted from some species of Streptomyces through intercalating with genetic
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materials especially with duplex DNA which cause harmful effects on fast

multiplying cells by preventing the DNA dependent RNA polymerase activities.

3.10 Cytotoxicity Effect of KH14 Extracellular Crude Extract via
High Content Screen on MCF-7

As described by Haskins et al. (2001); Diaz et al. (2007) and Abraham et
al. (2008), analysis at the level of individual cells played key roles in finding
toxicity and categorization of compounds based on their observed cellular
damage and by flow cytometers and cellular imaging—based approaches using
such a High Content Screening (HCS).

Six cellular parameters valid cell count, total nuclear intensity, cell
membrane permeability, nuclear morphology, cytochrome ¢ and mitochondrial
membrane potential were detected after 24 hour of incubation at 37°C with four
different concentrations of KH14 extracellular crude extract 25, 50, 100 and 200
ug/ml. Positive control 5.0 uM of paclitaxel was used on MCF-7 cell lines. The
results presented in Table (3.23) and Table (3.24) summarizes the data for
extracellular crude extract concentrations and average intensities for each studied

concentrations. Besides, each treatment was studied with duplicated trials.

The positive control paclitaxel used in the study was a tubulin targe which
Is considered as their mechanism of action. The Paclitaxel treated cells have a
force with the spindle assembly, cell division and also chromosome segregation
which was contrary in character to colchicine, a drug that also targets tubulin,
whereas Paclitaxel exactly stabilizes and guards microtubule against disassembly
as described by Bharadwaj and Yu (2004); Ganguly et al. (2010) and
Priyadarshini and Keerthi (2012).
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Table 3.23: Cytotoxicity effects of KH14 extracellular crude extract on MCF-7 for multi-
cellular parameters.

Con. valid object count Nuclear morphology Total nuclear intensity
ug/ml
Meanz* SD P Meanz SD P Meanz SD P
value value value
Positive || 2108+ 155.56*** | 0.000 | 15.565% 0.07* | 0.030 447.61+ 9.1*** | 0.000
control
200 2884+ 289.20** | 0.004 | 16.225+0.21 | 0.3790 341.24+ 14.0 0.985
100 3265+ 94.04 0.051 16.37+ 0.16 0.085 360.5+ 0.79 0.147
50 3297+ 35.35 0.066 | 16.52+0.02* | 0.020 368+ 8.79 0.051
25 3333+ 45.25 0.090 16.47+ 0* 0.031 361.8+9.17 0.124
Vehicle 3754+ 77.78 16.02+ 0.02 336.95+ 9.65
(Negative
control)

* Significant differences when p value < 0.05; ** p value <0.01 and *** p value

<0.001

Macroscopical analysis of the studied parameters and images was

taken by fluorescent Microscope Zeiss Axio Z1 with Photometrics X1 CCD

processing via softwares that quantify the targets (intensity of appearances) of

six cellular parameters, all summarized in Figure (3.23) which compares

between 200 pg/ml of extracellular crude extract and 5.0 uM of paclitaxel on

one side, and with untreated cell line (vehicle) on the other side. In the studies of

Towne et al. (2012) and Joy et al. (2014), they reported that high content images

(HCI) have been widely used for studying the change in the functional

characteristics and morphological properties in cancer researches such as

motility, growth, proliferation, and death by antitumor drugs.
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Table 3.24: Cytotoxicity effects of KH14 extracellular crude extract on MCF-7 for

multi-cellular parameters.

Con. Cell membrane Mitochondrial Cytochrome c
ug/ml permeability membrane potential
Meanz SD P Meanz SD P Meanz SD P
value value value
Positive 37.61+7.42 0.063 | 218.00+£11.12*** | 0.000 || 462.04+ 31.39** || 0.004
control
200 47.04+ 11.51 0.317 | 263.8+11.58** | 0.004 418.56+ 3.95 | 0.059
100 56.33%+ 4.57 0.960 | 260.49+3.61** | 0.003 || 351.79+15.51 | 0.928
50 86.42+ 7.32* | 0.038 278.97+2.77* | 0.021 354.85 4.06 0.977
25 59.31+ 1.73 1.000 274.82+ 2.30* | 0.013 358.81+ 1.73 0.998
Vehicle 60.48+ 6.46 309+ 4 363.42+ 21.7
(Negative
control)

* Significant differences when p value < 0.05 **. p value <0.01 and *** p value
<0.001

Ignatius and Hung (2007) stated that a main factor in the improvement
of HCS technology is the capacity to recognize the exact proteins or cellular
constructions with immune reagents, organic dyes, genetically encoded
fluorescent proteins or quantum dots (QDs). Moreover, any fluorescent organic
dye was used as a biosensor to identify the physiological alterations in the cell or
to label exact organelles, including the nucleus, mitochondria, cytosol,
endoplasmatic reticulum, lysosomes and Golgi apparatus. Furthermore, an

accumulative diversity of fluorescent antibodies and probes are now available to
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maintain many HCS applications, and for the kinetic HCS experiments with

alive cells although they were not always suitable.

Davies et al. (2008) and Cheah et al. (2011) mentioned that all five
commonly cellular multi-parameters including cell viability, membrane
permeability, mitochondria membrane permeability, cytochrome ¢ and nuclear
intensity will afford information about the change within each cell at the level of

quantitative.

The cellomics multi-parameter cytotoxicity 3 kit enables simultaneous
measurements in the same cell of six independent parameters that monitor cell
health, including cell loss (valid object count), nuclear size ( total nuclear
intensity ) and nuclear morphological changes, mitochondrial potential changes,
the changes in cell permeability and cytochrome c release. The Hoechst dye
enables checking of cell loss, nuclear morphology changes and total nuclear
intensity, which is relative to the total Hoechst intensity for each nucleus, while
other three parameters are monitored by separate dyes, as summarized in Figure
(3.23).

The results presented in Table (3.23) and Figure (3.24) summarizes
the cytotoxicity effects and statistically analysis of different concentrations of
KH14 extracellular crude extract on valid cell counts for MCF-7 after 24h of
incubation. O'Brien et al. (2006) situate the verification that one of the most
sensitive cell health indicators was cell proliferation and this had a direct
correlation between the effects of toxicity of any substance and the changes in
the viability of cell counts. However, there were significant differences between
the wvehicle (untreated) sample with a positive control and 200 ug/ml
concentrations when (p value =0.000 and p=0.04 respectively), while the rest of

other concentrations did not show any significant differences with the untreated
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sample. Furthermore, Figure (3.25) summarize the correlation between the
average intensity and KH14 extracellular crude extract activity, indicating that
the decrease of valid cell numbers were found to be dose-dependent between the
used concentrations with Rz = 0.8213, which indicates the presence of a high
correlation between the dose and the intensity. Besides, increasing the

concentration will lead to decrease the intensity.

Hoechst Cell permeability Mitochondrial Cytochrome c Composite
membrane
potential

Positive
control (5.0
uM
paclitaxel)

Untreated
(negative
control)

200ug/ml
extracellular
crude extract

Figure 3.23: Entire cytotoxicity effect of KH14 extracellular crude extract with positive
and negative control on MCF-7 cancer cell line multi-cellular parameters.

The results were in agreement with those obtained by Al Barzanchi
(2014) and Hassan et al. (2015) who also found that the cytotoxicity effect was

dose—dependent. The targeted organelle for cell viability assay was cytoplasm as
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described by Donato et al. (2012) and Tolosa et al. (2012) when Propidium

iodide fluorescent probe was used and the color appeared as red.
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Figure 3.24: Cytotoxicity effects of KH14 extracellular crude extract on MCF-7
cancer cell line valid cell count
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Figure 3.25: Correlation between concentrations of extracellular crude extract
and average intensity for valid object count on MCF-7
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The results presented in Table (3.23) and Figure (3.26) summarizes the
cytotoxicity effects and the statistical analysis of different concentrations of
KH14extracellular crude extract on nuclear morphology for MCF-7 after 24h of
incubation. The positive control, 50 ug/ml and 25 ug/ml of extracellular crude
showed significant differences with the vehicle (p value = 0.030, 0.020 and
0.031 respectively), while 200ug/ml and 100 ug/ml did not show any significant
difference with the negative control. Nuclear morphology assay in HCS
analysis, as described by Harrill et al. (2013) and Sirenko et al. (2014), was
achieved throughout the nucleus which considered as the target organelles of it.
On the other hand, it appeared blue in color when stained with the fluorescent
probe Hoechest 33258. The lowest average intensity was obtained by positive
control (15.565) when compared to the vehicle which recorded the average
intensity (16.02). We concluded that each decrease in average intensity of
nuclear morphology will lead to more destruction of the nuclear through
changing its shape, as well as destroying the overall cell and finally producing
apoptosis by the action of tested drugs. This agrees with Ranade et al. (2014)
who demonstrated the platform for studying the drug responses against cancer
cells via applying the high content images (HCI) such as nuclei morphology,

nuclei density, apoptosis and cell proliferation.

The results presented in Figure (3.27) summarize the correlation
between average intensity and KH14 extracellular crude extract, with a
correlation R? = 1E-04, which explains that any increase in the extract
concentration would affect the average intensity until 50 ug/ml concentration.
While after 50 ug/ml, the correlation became the opposite an increasing

concentration led of decreasing their average intensity.
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Figure 3.26: Cytotoxicity effects of KH14 extracellular crude extract on nuclear
morphology of MCF-7 cancer cell line
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Figure 3.27: Correlation between concentrations of extracellular crude extract and
average intensity for nuclear morphology on MCF-7.
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The results presented in  Table (3.23) and Figure (3.28) summarizes the
cytotoxicity effects and the statistical analysis of different concentrations of
KH14 extracellular crude extract on the total nuclear intensity for MCF-7 after
24h of incubation. The results showed that there were no significant differences
of used concentrations against the negative control (vehicle), while only the
positive control showed significant differences with untreated sample (vehicle)
with (p value =0.000). The highest result among the used concentrations was
achieved by 50 ug/ml. Furthermore, as the data presented in Figure (3.29), the
correlation between the average intensity and KH14 extracellular crude extract
recorded a correlation with Rz = 0.043, in which after 50 ug/ml each increase in
the concentration of extracellular crude extract would lead to decreasing the
average intensity. However, this relationship between the concentration and the
amount of the intensity will be in relation to dose- dependent. Our results in case
of dose- dependent were in agreement with those obtained by Al-barazanchi
(2014) in her study of antioxidant and cytotoxic effects of Lignan Purified from

Myristica fragrans seeds and from that related with the total nuclear intensity.

According to Hassan et al. (2015) one of the most abundant hallmarks of
the apoptosis was related to the nuclear condensation and fragmentation.
However, any destruction in the nuclear will lead to increasing the average
intensity as clearly noticed in the positive control which recorded the highest
value 447.61.
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Figure 3.28: Cytotoxicity effects of KH14 extracellular crude extract on total
nuclear intensity of MCF-7 cancer cell line.
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Figure 3.29: Correlation between concentrations of extracellular crude extract
and average intensity for total nuclear intensity on MCF-7.
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The results listed in Table (3.24) and Figure (3.30) summarizes the
cytotoxicity effects and the statistical analysis of different concentrations of
KH14 extracellular crude extract on the cell membrane permeability for MCF-7
after 24h of incubation. The analyzed data indicated that only 50ug/mi
concentration showed highly significant differences with (p value =0.032)
against untreated sample (vehicle) which recorded the highest data (86.42), while
the rest of the concentrations did not show any significant differences.
Furthermore, this was considered as one of the most important factors that
facilitate the passage of effective material into the cancerous cell line via
membrane only with this concentration. The results presented in Figure (3.31)
summarize the correlation between intensity and extracellular crude extract
KH14 concentration when recording the correlation with R2 = 0.2616, which
indicated that there was a very low correlation between used concentration and
obtained intensity. In addition to this achievement, the target organelle for
determining the cell membrane permeability was nucleus, and this was described
by Hakanson et al. (2014) and Jahr et al. (2015) when staining with fluorescent
probe TO-PRO-3 and the results appeared as red.

The role of cell membrane permeability in studying cytotoxicity was
described by Abraham et al. (2008). In their study, they reported that any change
in the cell membrane permeability as well as are often associated (related) with
either an ongoing toxic (were occurring actually every day in our bodies) or
apoptotic responses, and the common phenotypic feature of cytotoxicity
noticeable lost cell membrane integrity.

The appearance of significant differences only with 50ug/mi
concentration may be considered as a critical point to be discussed in details

because as described by Bova et al. (2005) and Dykens et al. (2008) all assays
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carried out for HCS can measure the cell’s physiological replies to stimulus and
these may be chemical or environmental motives, and relatively from simple
measures of acute cytotoxicity, such as cell rounding and cell counting with extra
detail measuring of organelle health, often as a multi-parameter assay where

cross correlation of multiple endpoints describe slight toxic conditions.
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Figure 3.30: Cytotoxicity effects of KH14 extracellular crude extract on cell
membrane permeability of MCF-7 cancer cell line.
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Figure 3.31: Correlation between concentrations of extracellular crude extract and

average intensity for cell membrane permeability on MCF-7.

The results presented in Table (3.24) and Figure (3.32) summarizethe
cytotoxicity effects and the statistical analysis of different concentrations of
KH14 extracellular crude extract on mitochondrial membrane potential for MCF-
7 after 24h of incubation. The results indicated that all concentrations showed
significant differences against untreated sample (vehicle) with different p values
which means that all used concentrations were able to penetrate the
mitochondrial membrane, as well as changing the cancer cell intensity when
compared to the untreated one. The positive control on the other hand has a
powerful ability to change the intensity of the cancer cell line (MCF-7), when
recording the lowest average intensity 218.005. The results presented in Figure
(3.33) summarize the correlation between intensity and extracellular crude
extract (KH14) concentration when recording R? = 0.5023. This indicates that

there was a moderate correlation between the used concentrations and intensity.
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Both Donato et al. (2012) and Anguissola et al. (2014) separately stated
that the target organelle for determining the mitochondrial membrane
permeability was mitochondria itself, and when it stained with fluorescent probe
tetramethyl rhodamine methyl ester (TMRM), it would appear as red-orange in
color. In this regard, Jan et al. (2008) and Williams et al. (2009) reported that in
the case of mitochondria —mediated cell death (apoptosis) characterize the cell
death signaling events in a very complex toxicity pathway. Besides, opening the
mitochondrial permeability transition pore causes the release of cytochrome c
from mitochondria into the cytosol, and finally causing destruction and death of

the cell.
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Figure 3.32: Cytotoxicity effects of KH14 extracellular crude extract on mitochondrial
membrane permeability of MCF-7 cancer cell line.
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Figure 3.33: Correlation between concentrations of extracellular crude extract and

average intensity for mitochondrial membrane potential on MCF-7.

Results listed in Table (3.24) and Figure (3.34) summarize the
cytotoxicity effects and the statistical analysis of different concentrations of
KH14 extracellular crude extract on cytochrome c released from MCF-7 after
24h of incubation. The results showed that there were no significant differences
in the crude concentration used against negative control (vehicle), while the
positive control which recorded the highest amount of average intensity 462.04,
showed significant differences against the untreated sample (vehicle) which
mrans that it was highly stained and released cytochrome c as presented in
Figure (3.25). Therefore, it gave the highest intensity because of the extreme
release of cytochrome c into cytosol, while the rest of the concentrations did not
show any difference with the vehicle, the results presented in Figure (3.35)
summarize the correlation between intensity and extracellular crude extract
(KH14) concentration when recording the correlation with R? = 0.6435, which

indicated that there was a moderate correlation between the concentrations used
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and intensity. George et al. (2010) reported that cytochrome ¢ was considered as
an important mediator for apoptosis (programmed cell death), when the apoptotic
signal stimulated the release of cytochrome ¢ from the mitochondria to the
cytosol.This would bind to Apaf-1 to form apotosome which finally caused the

activation of the caspase cascade.

Sartore-Bianchi et al. (2007) stated that each identified anti-cancer
compound through utilizing the high content screen went into clinical trials. On
the other hand, the ability of understanding the effect of anti-cancer compounds
on both cancerous and normal cell lines became a useful pattern for determining

the cancer biomarkers function as described by O'Brien et al. (2008).
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Figure 3.34: Cytotoxicity effects of KH14 extracellular crude extract on cytochrome c
of MCF-7 cancer cell line.
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Figure 3.35: Correlation between concentrations of extracellular crude extract and

average intensity for cytochrome ¢ on MCF-7.
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Conclusions and Recommendations
Conclusions

1. Screening for the actinomycetes spp. from Garmian soils was done, obtaining
many isolates, with numerous bioactive properties, which emphasize the

potential antimicrobial, antioxidant and antitumor activities.

2. Many of the isolated actinomycetes spp. exhibited a weak antagonistic activity
against tested human microbial pathogens, while the isolates (KH14, KH16,
KH18, KA19, KA38 and KA19), successfully exhibited somewhat broad
spectrum activities against some Gram-positive, Gram-negative bacteria and

yeast.

3. Gram-positive bacteria (Staphylococcus aureus) appeared more susceptible
than both Gram-negative bacteria and yeast (Escherichia coli and Candida

albicans).

4. Optimizing the production and extraction of the bioactive compounds have
successfully completed, for the best media, the extraction with the best organic

solvents, optimum incubation days, optimum pH and NaCl salt tolerance.

5. Analysis and separation of the nature of the bioactive compounds were
achieved by the thin layer chromatography. Besides, determining the position of

the active spots (antimicrobial metabolites) was carried out via bioautography.

6. Analyzing both ethyl acetate extract and scraped spot from bioautography by
HPLC-MS, revealed the presence of large numbers of compounds which have

different molecular weights with different UV absorbencies.
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7. GC-Mass chromatograph analysis of ethyl acetate extract observed the
presence of large numbers of biologically active compounds, which involved 12

identified compounds with different biological prosperities.

8. There are attractive biological features which achieve the powerful antitumor
activities against various cancerous cell lines, especially for developing the
potential antitumor drugs with precise cellular targets. However, this requires
more research to identify its important therapeutic properties and determine their

mechanisms on target cellular metabolisms.

9. Cytotoxicity and high content screen (HCS) study revealed significant
differences between some of the cellular multi-parameters studied, especially in

comparing with untreated sample (vehicle).
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Recommendations

1. Screening protocol ( survey) must includes more and more soil types and
conditions such ( aquatic environment, mountain area and soils within extreme
condition), and within different depths for collecting the suitable soils, in order
to increase the chance for obtaining the novel isolates of actinomycetes, as well

as, the novel bioactive compounds.

2. Molecular analysis detection and phylogenic analysis are requisited for

determining the genus and species of the suspected isolates.

3. An additional study is required for optimizing the production conditions and
enhancing the bioactive compounds separation at the levels of best temperature,
best agitation, best extraction with other organic solvents and chromatography

techniques.

4. A further exploration should be done to study and determine the chemical
structure of the bioactive compounds from all extracts, via obtaining a pure
fraction, by means of studying various physiochemical properties, such as
studying their solubility, melting points, Nuclear Magnetic Resonance(NMR)
and Infrared (IR).

5. A further study is required to approve the toxicity of the extracellular extract
against normal cell lines. Moreover, studies should also be conducted to clarify
the safety aspect of the antitumor properties.
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Apendices

Appendice A: Growth curves (Growth kinetics) study of locally isolated actinomycetes
(KH14), which was growing on malt extract yeast extract broth for 6 days at 29+1 °C,
measuring the absorbance of growth at 600nm.

OD at 600nm

No. Times in (days) Blank Absorbance
1 1 0.042 0.067

2 2 0.042 0.315

3 3 0.042 0.619

4 4 0.042 0.447

5 5 0.042 0.484

6 6 0.042 0.471

Appendice B: Estimating optimum pH value for achieving maximum growth of isolated
strain (KH14), which was growing on ISP2 broth with different pH value,
spectrophotometrically evaluated.

pH of OD at 600nm
No media Blank Absorbance
1 4 0.015 0.027
2 5 0.082 0.119
3 6 0.023 0.156
4 7 0.071 0.211
5 8 0.024 0.409
6 9 0.031 0.249
7 10 0.080 0.186
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Appendice C: Estimating of isolated strain (KH14) NaCl salt tolerance, growing on malt
extract yeast extract broth (ISP2) for 4 days of incubation at 29+1 °C,
spectrophotometrically measured the absorbance.

No. conctl:tcr:;tion b OlD = 60(X1bm2 Megrlljs 3 Gsrti\f[\gh
1 1% 0.113 0.128 0.121 ++
2 2% 0.106 0.119 0.113 ++
3 3% 0.113 0.105 0.109 ++
4 4% 0.084 0.076 0.080 +
5 5% 0.076 0.075 0.075 +
6 6% 0.033 0.034 0.033 -
7 7% 0.037 0.039 0.038 -
8 8% 0.032 0.032 0.032 -
9 9% 0.034 0.032 0.033 -

10 Negative control (blank) | 0.043 0.040 0.0415 -

(Without bacteria)
11 Positive control 0.142 0.123 0.132 +++
(Without salt)

Appendice D: Antioxidant scavenging activities of extracellular crude extract (KH14)
were achieved through DPPH assay, after 30 minutes incubation with duplicated, 517nm
OD for measuring absorbance.

Conc. OD at 517nm Mean Blank Log Scavenging

mg/ml Abl Ab?2 oD concentration activity %
1 0.626 0.7 0.663 0.805 0 17.63975
3 0.621 0.658 0.6395 0.805 0.477121 42.99242
5 0.545 0.521 0.533 0.805 0.69897 46.9697
10 0.071 0.172 0.121 0.805 1 76.98864
20 0.050 0.035 0.045 0.805 1.30103 91.95076
30 0.052 0.051 0.0515 0.805 1.477121 90.24621
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Appendice E: Antioxidant scavenging activities of ascorbic acid (standard) were
achieved through DPPH assay, after 30 minutes incubation,

Ascorbic acid ) ) o
) Log concentration | Scavenging activity
concentration OD at 517 nm
mg/ml %
mg/mi
1 0.211 0 53.21508
0.5 0.235 -0.30103 47.89357
0.25 0.241 -0.60206 46.56319
0.125 0.271 -0.90309 39.91131
0.031 0.359 -1.50864 20.39911
0.015 0.426 -1.82391 5.543237
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Appendice F: Detail documents of compounds analysis from ethyl acetate extract of (KH14)
by GC-MS for all obtained 12 peaks; each compounds with their details evidence such
(molecular structure, companies name and mass peaks) ; plate A. peaks 1 to 3; plate B peaks
4to 6; plate C peaks 7to 9 and plate D peaks 10 to 12.
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	Both ethyl acetate extract and scraped spots from TLC were subjected to (HPLC-MS) in order to analyze the bioactive compounds (antimicrobials). Separation and analysis were carried out with a HPLC-MS (Waters 2545-USA), quaternary gradient module opera...
	The results presented in Figure (3.15) displayed the mass chromatograms, in which Hites and Biemann (1970)  defined the chromatogram as “a mass chromatogram is a representation of mass spectrometry data as a chromatogram, in which x-axis represented t...
	The results presented in Figure (3.15) represent the mass chromatogram of ethyl acetate extract.  Clearly, there are more peaks appeared when comparing with the scraped spot extract. This is means that our scraped spot contains only bioactive compound...



