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ABSTRACT 

 

 

Non-Chlorophyll Accessory Pigments in Cyanobacteria: 
Simultaneous Extraction, Separation, and Maximization 

 

Mohammed Fadhil Hameed HADDAD 

 

Department of Chemistry 

Doctor of Philosophy Thesis 

 

Advisor: Prof. Dr. Barbaros NALBANTOĞLU 

Co-advisor: Assoc. Prof. Dr. Turgay ÇAKMAK 

 
Cyanobacteria are considered as a sustainable feedstock for the 

production of biochemically active compounds such as phycobiliproteins 

(PBPs). In this study, 12 different cyanobacteria isolated from hot-spring 

water resources in Ankara province were evaluated for their PBP 

production efficiency. Morphological analysis and Sanger sequencing 

revealed that 5 of the strains belong to Nostoc genus, 3 of them belong to 

Anabaena, and others belong to genus Trichormus, Nodularia, 

Chlorogloeopsis, and Nodosilinea.  

Isolated strains have been maintained in nitrogen lacking BG-11 growth 

medium during the thesis study. Total PBP content of Trichormus sp. 

IMU26 and Anabaena variabilis IMU8 were found as 23.2% and 17.3% 

while it was lower than 15% in all other strains studied.  

The following studies were carried out to see the impact of nitrogen and 
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phosphorus availability on PBP production on diazotrophic cyanobacteria 

isolated from hot-spring water resources. For this aim, the strains 

Trichormus sp. IMU26 and Anabaena variabilis IMU8 were incubated in N-

replete, N-lacking, and N-P-lacking BG-11 growth medium. Results 

showed that nitrogen supply resulted in higher soluble protein and 

saccharide content but a lower growth rate and PBP production in 

Trichormus sp. IMU26 and Anabaena variabilis IMU8. Short term (6 days) 

N-P-deprivation induced PBP production with no clear change in growth 

while growth and PBP content decreased in the longer incubation period 

(12 days). Fourier transform infrared spectroscopy results refer that 

membrane-bound oligosaccharides may have regulatory roles for PBP 

production in A.variabilis IMU8 during long term diazotrophic cultivation. 

Moreover, rapid induction of zeaxanthin and β-carotene production and a 

slight reduction of echinenone and canthaxanthin levels might be 

associated with increased PBP levels in short term N-P-deprivation of 

Trichormus sp. IMU26.  

In conclusion, the thermal diazotrophic cyanobacteria Trichormus sp. 

IMU26 and Anabaena variabilis IMU8 were introduced to the literature as 

potential candidates for pilot scale PBP production. Isolated from hot-

spring water resources, which differ from sea and spring waters with their 

unique mineralization and temperature levels, these two cyanobacteria 

grow well in N-lacking growth medium under room temperature and the 

contamination risk is fairly low.  

Keywords: Anabaena, Cyanobacteria, Nitrogen, Phosphorus, Trichormus, 

Phycobiliproteins. 
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ÖZET 

 

 

 Siyanobakterilerde Klorofil Olmayan Aksesuar 
Pigmentler: Eş Zamanlı Ekstraksiyon, Ayırma ve 

Maksimizasyon  

 

Mohammed Fadhil Hameed HADDAD 

 

Kimya Bölümü (İngilizce) 

Doktora Tezi 

 

Danışman: Prof. Dr. Barbaros NALBANTOĞLU 

Eş-Danışman: Doç. Dr.Turgay ÇAKMAK 

 

Siyanobakteriler, fikobiliproteinler (PBP) gibi biyokimyasal olarak aktif 

bileşiklerin üretimi için başlıca sürdürülebilir kaynak olarak 

değerlendirilmektedirler. Bu çalışmada, Ankara il sınırları içerisinde 

bulunan bazı sıcak su kaynaklarından izole edilen 12 farklı diazotrofik 

siyanobakteri türü PBP üretimleri bakımından değerlendirilmiştir. Saf 

olarak elde edilen siyanobakteriler morfolojik analizlerinin yanı sıra 

Sanger dizileme ile de karakterize edilmiş, türlerden 5’inin Nostoc cinsine, 

3’ünün Anabaena cinsine ve diğerlerinin Trichormus, Nodularia, 

Chlorogloeopsis ve Nodosilinea cinslerine ait türler olduğu belirlenmiştir.    

Saf olarak elde edilen diazotrofik siyanobakteriler tez çalışması boyunca 

içerisinde azot kaynağı bulunmayan BG-11 büyütme ortamında kültüre 

alınmışlardır. Çalışılan türlerin toplam PBP içeriği Trichormus sp. IMU26 

ve Anabaena variabilis IMU8 türlerinde sırasıyla yaklaşık % 23.2 ve 17.3 

ile en  



 

XVIII 

yüksek düzeylerde belirlenmiş, diğer türlerde ise %15’in altında 

kaydedilmiştir.  

Takip eden çalışmalarda sıcak su kaynaklarından izole edilen diazotrofik 

siyanobakterilerin FBP üretimleri ve ilgili parametreleri üzerine azot (N) 

ve fosfor (P) varlığının etkilerinin belirlenmesi amacıyla Trichormus sp. 

IMU26 ve Anabaena variabilis IMU8 türleri içerisinde N-bulunan, N-

bulunmayan ve N-P-bulunmayan BG-11 büyütme ortamında kültüre 

alınmışlardır.  

Yapılan çalışmalarda Trichormus sp. IMU26 ve Anabaena variabilis IMU8 

siyanobakterilerinin büyüme ortamına azot kaynağı ilave edildiğinde bu 

türlerin toplam protein ve karbohidrat içeriklerinde artış ile birlikte 

büyüme hızında ve PBP üretiminde azalma kaydedilmiştir. Kısa süreli (6 

gün) N-P-açlığına bırakılan türlerin büyümelerinde önemli bir değişim 

olmasa da PBP üretimi artmış, ancak uzun vadede (12 gün) 

siyanobakterilerin büyüme hızları ve PBP içerikleri dikkate değer düzeyde 

düşmüştür. Fourier Transform Infrared Spektroskopi analizi ile elde 

edilen veriler diazotrofik koşullarda kültüre alınan siyanobakterilerde 

membran-bağlı oligosakkaritlerin PBP üretiminde kayda değer rol 

üstlenebileceklerini göstermiştir. Öte yandan özellikle Trichormus sp. 

IMU26 türünde kısa süreli N-P-açlığı ile artan PBP üretiminin yükselen 

zeaksantin ve β-karoten üretimi ile birlikte ekinenon ve canthaxanthin 

düzeylerindeki düşüşler ile de ilişkili olabileceği kaydedilmiştir.  

Sonuç olarak, bu tez çalışması ile pilot ölçekli FBP üretimi için iki farklı 

termal diazotrofik siyanobakteri türü; Trichormus sp. IMU26 ve Anabaena 

variabilis IMU8 siyanobakterileri tanımlanmıştır. Yüksek sıcaklık ve 

mineralizasyon içeriği bakımından tatlı su ve deniz suyundan oldukça 

farklı özellikler sergileyen termal sulardan izole edilen bu türler oda 

şartlarında da rahatlıkla kültüre alınabilmekte, diazotrofik yapıda 

olduklarından N-eksik büyüme ortamında yüksek büyüme hızı ve PBP 

üretimi sunmaktadırlar ve ayrıca kontaminasyon riski de oldukça 

düşüktür. 
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FEN BİLİMLERİ ENSTİTÜSÜ 



 

1 

 

1  
Introduction 

 

1.1  Literature Review 

Cyanobacteria are known as the simplest, smallest and most ancient members of 

the photosynthetic organisms on Earth, some of which were found in ancient 

fossils. Cyanobacteria live in a self-sustaining living, and few live as a part of some 

other species of algae. Some are found in harsh thermal conditions, some are seen 

in hot springs, and others are observed in low temperatures. Also, some of them 

live in cooperative with some fungi, lichens [1]. Modern-day cyanobacteria include 

more than 2000 species in 150 genera, with a great variety of shapes and sizes. 

Cyanobacteria are oxygenic photosynthetic (Photoautotrophic) gram-negative 

prokaryotes micro-organisms that show a connective link between plastid 

eukaryotes autotrophs and prokaryotes. They are an excellent source of peptides, 

trans-fatty acid, amino acid, vitamins, minerals and pigments like chlorophyll a, 

carotenoids as phycobiliprotein, which exhibit different color [2]. Cyanobacteria 

are common in lakes, ponds, springs, wetlands, streams, and rivers, and they play a 

major role in the nitrogen, carbon, and oxygen dynamics of many aquatic 

environments [3], [4], [5]. 

This characterization included some cyanobacteria strains, their type, DNA 

sequence, living pressure, dissolved oxygen (DO) concentration, conductivity, total 

dissolved solids (TDS), pH, temperature, salinity, NH4+, NO3-[6]. Also in the 

literature, other factors were applied to further characterize the obtained 

cyanobacteria (green algae)  from the hot-springs (Figure 1.1), which included 

phycobiliprotein (PC, PE, ALC), growth measurements, total protein level, 

saccharide level, vitamin content [7], [8]. 
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Figure 1.1 Landscape illustrates the forms of hot springs in isolated areas. 

 

1.2 Objective of the Thesis 

The impartial objective of this study is to characterize, using the same criteria 

mentioned above, the cyanobacteria species located in areas around Ankara hot-

springs. Then, morphology studies have been applied to identify cyanobacteria 

strains. After the specific identification, other measurements took place to 

specifically characterize these species according to some recent studies. After 

these characterization, we identified which ones were recorded in gene bank and 

which ones were not. The non-recorded species were further investigated and 

recorded to the gene bank as they are considered novel. 

 

1.3 Hypothesis 

Cyanobacteria get energy through prokaryotes that receive sunlight as a source of 

energy using chlorophyll and various dyes. The presence of essential elements 

such as oxygen, nitrogen and carbon play a crucial role in aquatic environments. 

Until today, the picture remains unclear about the emergence of microbes like 
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cyanobacteria on Earth, and many researchers verified their current diversity 

more than two billion years ago. Cyanobacteria is the new revolution in modern 

science and caught the attention of a lot of scientists in the fields such as 

biotechnology, pharmacology, food industry. This attention was due to the unusual 

and specific conditions of living that these species were shown. Also, most of them 

are not yet reported in the literature. In this study, the idea is to collect some of 

these algae species from the some hot-spring areas in Ankara province/Turkey 

and characterize them specifically using methods obtained from other studies. This 

characterization will give us information about specific conditions. This study will 

also contribute development to the using of cyanobacteria in the areas mentioned 

above. 
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2  
Genaral Information  

 

2.1  Hot Spring Water  

The development of new and modern technologies has made it possible for us to 

know and study microorganisms (M.O.) in harsh environments and to know their 

types, forms, find new sustainable methods and techniques for human food, health 

and their environment.  

Most cyanobacteria represent a variety of M.O that can be found in diverse 

environments and leaders of photosynthesis of oxygen and combine to form a 

thick microbial mat even in harsh environments. Studies of M.O found in hot water 

have shown that these organisms can be exploited to generate many valuable 

products in technological applications, especially in the agricultural, 

pharmaceutical, and industrial and food fields, where the cyanobacteria represent 

microscopic communities found in high-temperature ecosystems. Figure 2.1 

explains that places’ collected samples from it [9]. 
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Figure 2.1 Cyanobacteria (green algae) in hot springs water. 

Most natural resources, hot spots or volcanic environments and hydrothermal 

vents are located below the surface of the soil or in the deep sea and are without 

any living organisms or life forms. There are heat-loving M.O that have the ability 

to live in such places or harsh thermal environments. These microorganisms are 

able to grow, live, and reproduce, so such organisms withstand harsh 

environmental conditions, high temperatures, high pH pearls, and high salt 

concentrations [10].  

Cyanobacteria are among the most abundant algae on travertine around the world; 

they are mostly located on the surface of these rocks or deep into the sea. They are 

also growing in travertine covered with highly turbulent water, again partly in 

response to low competition with rooted plants damaged by the strong flow with 

high water temperature [11].  

Most of the microbiological research carried out on hot springs that have extreme 

or gradual temperatures in addition to the distinct chemical composition of these 

hot springs as well as their isolated geographic locations, all of which should 

prevent them from exchanging species but have developed modern and unique 

microbial communities. To date, global knowledge about the biodiversity of hot 

springs, particularly regarding the second-generation sequence, remains unclear 

[10], [12], [13], [14]. 

Most studies of hot spring regions around the world on cyanobacterial areas and 

their composition are often missing due to the mysterious composition of these 

small cellular creatures and their different types, as sequencing remains inevitable 

to identify any new isolation and allows for a realistic assessment. Some 

researchers in the past dealt with blue bacteria as a whole group, and some 

researchers were concerned with the diversity of temperatures for springs that 

exist in it.  
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Many types of blue bacteria were worked to explore in North America, in Japan, 

and other types of them isolated from hot springs were worked to explore in 

Jordan, Algeria, Thailand, India, Chile, and Russia. However, in islands, where the 

presence of cyanobacteria at high water temperatures in their initial production 

stages is high, their presence can be observed easily by the naked eye [12]. 

2.2  Cyanobacteria 

Cyanobacteria are known as the simplest, smallest and most ancient members of 

the photosynthetic organisms on Earth, some of which were found in ancient 

fossils. Cyanobacteria live in different environments, in freshwater, salt, wet soil, 

even on the surface of rocks or within a depth of up to 1 m under the sea. The vast 

majority of green cyanobacteria live in a self-sustaining living, and few live in part 

on some other species of algae. Some are found in harsh of thermal conditions, 

some are seen in hot springs, and other are observed in low temperatures, some of 

them live in cooperative with some fungi, lichens [15]. 

Figure 2.2 explains the cyanobacteria are oxidized photosynthetic and are found 

everywhere in the Earth's illuminated aquatic biosphere. Cyanobacteria from hot 

spring water have been recorded for nearly 200 years ago. There is a close 

association between these prokaryotic algae, but the differences were observed 

and recorded as variable indicators between hot springs that are meters or some 

kilometers away from each other due to chemical composition, temperature, solar 

radiation, or local variations of the area.  Figure 2.2 indicates potential changes are 

due to geographical isolation, which observed between widely separated springs 

and to development restrictions [16]. 

Fixed nitrogen is highly available in the atmosphere as the Earth's atmosphere 

contains about 78% of nitrogen, but it has been proven to be directly used by a 

very limited number of organisms. This fact has led to much research on the 

availability of nitrogen in diverse environments. There is a whole range of these 

organisms that act to reduce the amount of primary nitrogen into more reactive 

compounds for use in cellular metabolism. However, the nitrogen provided by 

these primary stabilizers can be transferred to other organisms and can eventually 
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be recycled across the biosphere of any other organism. Although recycling and 

loss of the natural system would permit a stable nitrogen status within the 

biosphere, the recent influence and intervention by man have been the cause of 

some fluctuations from normal [17]. 

However, to avoid any risk of cyanobacteria to human health, it is useful to 

understand the basics and behavior of natural ecosystems and environmental 

conditions that can support the growth of certain types of cyanobacteria from 

other species and what capabilities and support their propagation in systems 

water and its whereabouts [18]. 

 

Figure 2.2 Cyanobacteria in island water ecosystems. Top left: A microscopic 
image of the cysts from a planted lake, the bright areas within each cell are caused 
by the dispersion of light by gas gaps. Top right: A microscopic image of Nostoc 
from a high Arctic lake. The largest spherical cells are heterogeneous cells, 
nitrogen fixation sites. Bottom right: Rich in carotenoids, bacterial mat in a pond 
on the McMurdo Ice Shelf, Antarctica. Bottom left: Bacterial mats in thermal spring, 
New Zealand [19]. 
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Most of the leading ideas show that comparative studies of the genetic composition 

of cyanobacteria will contribute to reviewing their classification. The appropriate 

classification reflects as closely as possible the evolutionary relationships as coded, 

for example, coded in the 16S or 23S rRNA sequence data [20]. The integration of 

phenotypic, genetic, and histological information makes it possible to classify as 

polyphase classification [21]. 

Modern-day cyanobacteria include more than 2000 species in 150 genera, with a 

great variety of shapes and sizes. Ecologically, there are three main groups in the 

aquatic environment hangings forming the type of species, which form periphytic 

biofilms above rocks, sediments, and submerged plants. Bloom-formers, which 

create a wide range of water quality problems and that is mostly combined, in 

nutrient-rich (eutrophic) lakes, and picocyanobacteria, which are microscopic cells 

(less than 3 mm in diameter) that are predominantly abundant in very clear water 

lakes. Additional groups contain colonial non-bloom-formers, which are common 

in a variety of aquatic habitats, including mesotrophic lakes, wetlands, and saline 

waters. Metaphysical species that form aggregates are loosely associated with 

emergent macrophytes (water plants such as rushes and reeds that expand out of 

the water into the air above) and a certain type of species that grow as periphyton 

but that can also enter the plankton; and various symbiotic associations  [22]. 

Cyanobacteria are oxygenic photosynthetic (Photoautotrophic) gram-negative 

prokaryotes M.O. that show connecting link between plastid of eukaryotes 

autotrophs and prokaryotes. They are an excellent source of peptides, trans-fatty 

acid, amino acid, vitamins, minerals and pigments like chlorophyll a, carotenoids as 

phycobiliprotein, which exhibit different color [23]. It is estimated to be more than 

5.2 billion years old, depending on the dependence of sedimentary rocks in the 

Late Archaeological Period [24]. The fossils showed that their origin is as old as 3.5 

billion years old, and similar fossils are the current wave, which is to rely slowly on 

development [25]. 
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2.3 Characteristics of Cyanobacteria 

Cyanobacteria are photosynthetic prokaryotes that pick up sunlight for energy 

using chlorophyll a and various accessory pigments. In addition to their 

remarkably long  

persistence as free-living organisms (as mentioned before), cyanobacteria also 

form symbiotic associations with more complex biota; for example, the nitrogen-

fixing species Anabaena azollae (or Nostoc) forms a symbiotic association with the 

floating fern Azolla, which is widely distributed in ponds and flooded soils. The 

chloroplasts in plants and algae appear to be originally derived from an 

endosymbiosis in which a cyanobacterium was engulfed and retained within a 

colorless eukaryotic cell [23]. 

Cyanobacteria have a number of special characteristics that determine their 

relative importance in phytoplankton communities. However, the behavior of 

different types of green microbes in nature is not homogeneous because their 

ecological surroundings differ. Their response to environmental factors is essential 

to define water management objectives because some of them exhibit similar 

ecological and physiological characteristics. Their behavior can group them in 

plankton ecosystems as an "ecology" that usually inhabits the different aquatic 

ecosystem niches [26].  

Cyanobacteria were previously classified as blue-green algae because of their 

algae-like appearance, containing chlorophyll instead of bacteriochlorophyll — the 

production of oxygen through the photosynthetic production from dual-system 

processes such as in algae and higher plants. Infrastructure studies of 

cyanobacteria have clearly shown that prokaryotic cyanobacteria lack nuclei and 

other organelles and have a typical cell wall of peptidoglycan for gram-negative 
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bacteria. It also has many advantages that distinguish it from other bacteria, 

especially photosynthesis and oxygen production. The term "blue-green algae" is 

still widely used by the media and in water quality management. The current 

taxonomic separation of species, especially irregular or heterogeneous varieties, is 

thought to be artificial and does not reflect evolutionary development. 

Relationships are likely to be heavily revised, as more genetic data becomes [19]. 

 

In current years, cyanobacteria have been in the spotlight due to their useful 

effects, among which are their high nutrient levels and their ability to produce 

biofuel and assimilate carbon and nitrogen. As their global biomass also increases 

due to climate change, there is a need to characterize potential hazards associated 

with this phylum properly. In a study, researchers studied the allergenic properties 

of cyanobacteria, thriving within different habitats and ecological niches. They 

observed distinct IgE-binding patterns for the studied freshwater cyanobacteria. 

The analysis of the corresponding bands revealed phycobilisome-related proteins, 

previously identified as IgE-binding proteins from M. aeruginosa and Spirulina. IgE 

binding was also found for the standard C-PC proteins, in contrast to the study, 

where no IgE-reactive bands had been [27]. 

 

2.4  Classification of Cyanobacteria 

Figure 2.3 explains the classification of cyanobacteria, the cyanobacteria (Blue-

green algae), aside from the fact that blue bacteria are classified as bacteria (whose 

nuclei are free of membranes), they have a light effect and are included in algae 

clusters. Blue bacteria had a crucial role in raising the level of free oxygen in the 

early earth's atmosphere; cyanobacteria are classified within the Monira Kingdom 
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(prokaryotic), Division Eubacteria, class cyanobacteria [28]. 

 

Figure 2.3 Classification of cyanobacteria [29]. 

The classification and regulation of blue bacteria have undergone major changes in 

the past two decades. In the past, blue bacteria were placed in three vegetarian 

orders, and their number has changed with respect to the status of the 

investigation of morphological variability and the species-environment [30]. 

The bacterial approach classifies five subgroups of cyanobacteria, corresponding 

to Chroococcales, Pleurocapsales, Oscillatoriales, Nostocales, and Stigonematales, 

with respect to cell proliferation, cell differentiation, and molecular/biochemical 

characteristics [31]. 

The systematic classification at a higher level of cyanobacteria needs further 

examination based on revised genera. A complete review of the morphological 

description of natural populations should include microscopy of light and electron, 

characterization of habitat, molecular analysis of 16S RNA and other markers such 

as the Internal Transcribed Spacer (ITS) region and information on stored strains 

or DNA. In addition, an important consideration should be given to 

biochemical/organic data, for example, the composition of fatty acids of the 

bacterial cell wall, which seems to be applicable to species identification [32]. 

 

2.5  Composition of Cyanobacteria 

Figure 2.4 explains the composition of cyanobacteria, the mass can be made up of a 

single cell, but cells often assemble and stick together in colonies of different 

shapes. The cell structure is simple; protoplast is free of characteristic nuclei, 

mitochondria, green plastids, and no endoplasmic network. Protoplast is usually 

composed of two parts, the exterior is colored and is known as the chromoplast, 

and the interior is not colored and is known as the central body. The body contains 

DNA, RNA in the process of proliferation. The color of the chromoplast is due to the 

presence of dye-based membranes scattered in the cytoplasm. These pigments are 

phycocyanins, chlorophyll, carotene, xanthophyll, and phycoerythrins [22]. 
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Protoplasts, usually, are free of pituitary cavities, and these gaps may be formed in 

older cells. Moreover, the absence of pitched gaps is one of the reasons why the cell  

is resistant to drought and high osmotic pressures. In some species, 

pseudovacoules are thought to contain gases that result from the breathing 

process and help to float algae; the food stored in the form of oil droplets and 

granules is a distinctive starch for this type of algae. It is known as the green 

cyanophycean starch, which is closely related to the glycogen. Other stored 

substances, which are found in reproductive cells, gradually disappear during 

periods of growth and activity [17]. 

 

Figure 2.4 Composition of cyanobacteria. 
 

A thick wall surrounds protoplast made up of two parts, the outer hemispheric and 

inner, made up of murrain, similar to that of gram-positive bacteria. A bacterium 

gelatin envelope also surrounds the wall. The wall may be colorless transparent 

and may be painted in different colors, including yellow, red, purple, and brown. 

The color of the algae is caused by the color group in chromoplast and the color of 

the outer wall. Lennon and the intensity of light falling on the moss affect the color 
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of the algae. Members of these algae do not have whips but may move a sliding 

motion on wet surfaces, and helps the secretions of the layer gelatin-coated to 

them [33]. 

 

2.6  Division and Reproduction 

Cyanobacteria or greenish algae cells divide by simple division. Few of them are 

separated immediately after the division of cells, but in most species, the cells 

resulting from the division remain connected to each other's colonies and on the 

basis of the number of levels of division which is determined by the shape of the 

resulting colony. If the split occurs at one level, the resulting colonies are threaded, 

and sometimes the algae strands branch. If the division occurs at two 

perpendicular levels, the resulting colony has a flat class shape. If the division 

occurs at three levels, the resulting colony is cubic. If the number of levels exceeds 

three resulting in irregular colony shape, the colony is often surrounded by a 

gelatinous layer produced from its cells [34]. 

The colony cannot grow indefinitely. However, if the envelope is thick, the colony 

grows larger in size before splitting up. The fragmentation of the colony is due to 

the death of some cells or the poor connection between some cells or the feeding of 

an animal on part of it. In the algae, there are usually larger and denser cells than 

ordinary cells, known as heterocyst, which are less colored than other cells. The 

cell has two lateral holes in its contact areas with adjacent vegetative cells, through 

which micro plasmodesmata pass through it. These holes are matured, and the 

different vesicles are the centers of stabilization of atmospheric nitrogen. The 

alveolar sacs usually separate the lines because they are less attached to 

neighboring cells. The vegetative algae cells are located between two different 

ones known as the hormogonium. When the strands are separated at the different 

vesicles, the hormones, which escape the mother's thread, are separated and grow 

again [35]. 

Some algae are immobile stationary alginates known as akinetes. They are 

produced by some hormone cells, are rich in their food content, have more dense 
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walls than other cells, and are resistant to inappropriate environmental conditions. 

Germs germinate when conditions improve and are green. In some races, bacteria 

are formed by the splitting of a protoplast into a vegetative cell composed of 

numerous small endospores, and non-sexual reproduction is unknown between 

blue-green algae [36]. 

2.7 Thermophilic Cyanobacteria 

Photosynthetic cyanobacteria are divided into two main categories based on cell 

size and composition, namely, macroalgae and microalgae in which their cells are 

made up of structures that resemble roots, stems, and leaves [36]. 

Hot springs, volcanic environments, deep-water vents environments, and geysers 

are usually the main sources of most M.O. and marine, usually inhospitable for 

most life forms; however, thermal M.O. that tolerate high temperatures can grow 

and live in such harsh environments, including man-made habitats. Optimum 

growth at temperatures more than 55°C and less than 85°C respectively, usually 

these organisms can tolerate harmful temperatures, high acidity, and high 

concentrations of salts [10]. 

In the last few years, thermophilic M.O. has been widely used for their 

biotechnological potential, particularly in industrial processes. Biotechnology 

allows the production of a large amount of biochemical, polymers and biofuels. It 

depends on conventional, bioremediation of explicit, materials and request, 

bioreactors made of stainless steel, complex sterilization techniques, and 

expensive downstream processing [38]. 

The microalgae that live in thermal ecosystems are heavily involved in the total 

biomass and productivity of the ecosystem of most of the communities in which 

they are present; this presence creates a platform for carbon-free production. The 

activity of converting carbon dioxide into biomass and fat to produce biofuels is an 

emerging area of interest. For example, two types of thermal microscopic 

algae Chlorella sorokiniana and Asterarcys quadricellulare are isolated from water 

bodies in and around a steel plant in India. They were examined to withstand high 

temperatures and light along with high carbon dioxide and NO levels [39]. 
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High amounts of carbohydrates are collected when exposed to a high level of 

carbon dioxide. High amounts of fat are collected when exposed to NO2 with 

carbon dioxide, which can also be used as feedstocks to produce ethanol and 

biodiesel, respectively. Environmental waste from industrial waste along with a 

large number of value-added chemicals such as refractory pigments and enzymes 

have been synthesized from these refractory M.O., and some studies have recently 

been carried out to improve the performance of electrochemical bio-systems by 

increasing the thermal stability of frozen proteins [21]. 

Some researchers worked on isolating and diagnosing strains of thermophilic 

cyanobacterial that were able to grow well in the middle of BG 11 of hot springs 

where the biological accumulation of reactive dye of these strains under 

temperature-loving conditions was studied. Synechococcus sp. Phormidium 

sp. which have the optimal hydrogen number for growth among these M.O. in the 

different temperatures, was studied and the possibility of absorption of these 

strains to different pigment concentrations and the possibility of using these 

strains of the organisms live to remove the dye from the effluents from sewage 

under thermal conditions [40]. 

Some researchers and previous studies found the fecundity and yield of food and 

fiber crops are mainly determined by efficient CO2 fixation mechanism in the 

chloroplast. Although the CO2 fixation mechanism is influenced by a number of 

genetic and environmental factors, it is mainly dependent on the efficiency of 

Rubisco or the concentration of CO2 in the vicinity of Rubisco (an enzyme found in 

plant chloroplasts, stabilizes carbon dioxide in the atmosphere during 

photosynthesis and in grants to the resulting compound during photosynthesis of 

oxygen). Based on this literature review, it is highly probable that the Rubisco 

activity, RCA activity, and net photosynthesis are strictly correlated [41]. 

 

2.8  Biotechnological Use of Cyanobacteria 

Most microalgae, bacteria, and yeasts are M.O. that are considered within 

traditional biotechnology in our modern studies and future research. Countries 
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like Japan and Taiwan have already succeeded in using them as healthy food, and 

the idea of using M.O. or microalgae to treat wastewater had been launched. 

Microscopic algae are an important source of energy through their large 

photosynthesis capacity, play a major role in solar biotechnology nowadays, 

producing large quantities of up to 200 tons of the dry weights of microscopic 

algae, as well as it is possible to increase the production of any crop up to 60%. 

Also, the production increases 20 - 35 times of this protein in any crop, this 

percentage is usually more than the percentage in soybeans and more than 50 

times in rice, wheat or corn for the same region. It is important that microalgae can 

be cultivated throughout the year and harvested continuously and that 

consumption of water in small quantities [42]. 

The traditional application of carbohydrate-producing cyanobacteria as a source of 

nitrogen in rice paddies was one of the best ways to increase the production of 

cyanobacteria that determine nitrogen, which in turn increases rice yields and the 

possibility of applying them as fertilizer or a source that can be used in 

biochemical applications. Lack of expensive chemical fertilizers is one of the main 

problems facing the agricultural sector in developing countries, so the need to 

stimulate the search for alternative nitrogen sources for rice cultivation is 

imperative. Rice fields are constantly subject to environmental changes during the 

maturation of rice plants [43]. 

The cyanobacteria are considered one of the most important sources of 

lipoproteins, sugars, and protein. The significance of these M.O. and the maximum 

possibilities to take advantage of them, their mass production and the ways to 

employ them for modern biotechnology are limitless [44]. 

Some researchers found manufactured biology methods permit the rational 

development of novel metabolic pathways that are based on the combination of 

many enzymatic activities of various origins. In addition, the manipulation of 

whole metabolic systems by CRISPR-based and sRNA-based technologies with 

many parallel targets will further excite the use of cyanobacteria for diverse 

applications in basic research and biotechnology [45]. 
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2.9 Phycobiliproteins  

Figure 2.5 explains the general exemplification of a phycobilisome structure. 

Phycobiliproteins are compounds able to be soluble in water it already exists in 

cyanobacteria and algae (Rhodophytes, Cryptomonads, Glaucocystophytes) and 

they can capture light energy and then transfer it to chlorophyll during 

photosynthesis. Phycobiliproteins are brilliantly colored, high-fluorescent 

components for photovoltaic harvesting antenna complexes of cyanobacteria 

(Bluish-green algae, Red algae and Cryptomonads). Phycobilisomes have a function 

in light-harvesting and energy migration. When the energy absorbed by the 

bromine (biliproteins) of the biocobelesomes reaches the reaction centers of the 

second photosynthesis system, a shift in excitation energy to chemical energy 

occurs. Bipolar proteins absorb in areas of the visible spectrum, while chlorophyll 

a has low absorbency. Pecobelicomas are found in Procreatiococcal Cyanobacteria 
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and Eukaryotic Red Algae [46]. 

 
Figure 2.5 General exemplification of a phycobilisome structure [47]. 

Phycobiliproteins are natural additives in food manufacture and essential 

fluorescent inquiry in biotechnology. Various algal species may be suitable for 

their extraction; therefore, it is important to study different seaweeds to determine 

the highest species, the process of harvest light from the cyanobacterial 

phycobilisomes and that was the main reason to the migration of energy usually 

across photosystem II centers. The transfer of energy may occur from 

phycobilisomes to the photosystem directly under certain light conditions [48]. 

The phycobiliproteins are classified into three types based on their absorption 

spectra: phycoerythrin (PE), phycocyanin (PC), and allophycocyanin (APC). They 

are all composed of hetero-subunits α and β and commonly exist in trimer 3(αβ) or 

hexamer 6(αβ) made up of equimolar monomer (αβ). One monomer contains two 

to five chromophore phycobilins. In cyanobacteria and red algae, phycobiliproteins 

assemble a macromolecular particle, phycobilisome. Efficient excitation energy 

coupling among the chromophores in the phycobiliprotein trimer/hexamer and 

among the phycobiliproteins in the phycobilisome gives them some special 

spectroscopic properties superior to organic fluorescent dyes. These properties 

make the phycobiliproteins become promising fluorescent probes used in various 
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fields of biological investigation [49]. 

 

Figure 2.6. Structures of types of phycobiliproteins (phycoerythrins PC or 
phycoerythrocyanin PE, allophycocyanins APC). 

 

Phobobilisomes are largely composed of phycobiliproteins, and in cyanobacteria, 

these proteins can represent up to 50% of total cellular protein. Fatty proteins of 

phycobiliproteins can be divided into four main chapters based on maximum long-

wave absorption, phycocyanin phycobiliprotein, which is the most abundant 

protein in cyanobacteria, followed by phycoerythrin and allophycocyanin. Figure 

2.6 explains the structures of types of phycobiliproteins,  cyanobacterial 

phycobiliproteins and their maxima light absorption peak are as follows: 

Allophycocyanin 650–660nm, Phycocyanin 610–625nm, Phycoerythrin 490–

570nm [47]. 

                                                                                                                                 

2.10 Biotechnological Use of Phycobiliproteins 

The natural sources of biologically active compounds promote human health. 

Increased interest in these sources for the creation of active, modern, and 

inexpensive biochemical materials obtained from traditional and inexpensive 

sources is justified by ongoing research on cyanobacteria. Phycobiliprotein is a 

high natural, which has great potential to be used in biotechnological applications 

such as the field of food and feed industries in addition to the field of 

pharmaceutical industries was used in the field of cosmetics industry [50,51,52].  

Phycobiliproteins, especially phycocyanin, from different cyanobacterial species 

have been related to exhibit a variety of pharmacological activities, which is like 

antioxidant, anticancerous, neuroprotective, anti-inflammatory, hepatoprotective 

and hypocholesterolemic [52]. 

Pigments, and especially the ones present in the phycobilisome, have been 

considered more intensely since they performed a myriad of bioactivities. 

Although phycobiliproteins and phycobilins have previously shown a significant 
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potential of applicability in the industry because of their wide array of 

bioactivities, part of this potential is not yet covered due to limitations in the 

purifying and characterization of these molecules. It is assumed that in the next 

few years, more studies about the bioactivities of phycobiliproteins and 

phycobilins could be carried out and that the  

potential application of these compounds can be achieved. It is possible that an 

additional screening of cyanobacteria strains for the presence of phycobilins with 

desirable characteristics will result in additional discoveries beyond the fast-

growing strains already used in the market. In terms of the biotechnological 

processes of production, extraction and purification of phycobiliproteins, a wide 

range of conditions, parameters and protocols have been carried into account. 

However, the ideal or optimal method still depends of the strain and also on the 

application (in terms of purity levels and possible techniques). Knowing the factors 

to take into account to obtain phycobiliproteins from cyanobacteria, and also the 

potential of employment (bioactivities), it is expected, in the near future, other 

uses and further studies about these interesting compounds [53]. 
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Figure 2.7. Diagram of the potential of biotechnology (chlorophyll, carotenoids, 

phycobiliprotein) [54]. 

 

 

 

Figure 2.7 explains the type of cyanobacteria can create a wide limit of colored 

pigments. Study of pigment-producing cyanobacteria, their biosynthetic pathways, 

and use of genetic engineering can produce the future of the cyanobacterial 

pigment giving most promising and attractive. Metabolic engineering has been 

practiced and can further be exploited in a variety of microalgae or cyanobacteria 

for the enhancement of pigment production. Advances in the gene level study of 

cyanobacteria provide knowledge about the compound metabolic system of 

pigment production, which allows us to utilize different new technique to produce 

high pigment producing species. The impact of light on the natural cyanobacterial 

growth has not been efficiently studied by the scientific community which expects 

more insight both physiologically and genetically [54].  

The improvement in the field of DNA sequencing has resulted in solving more 

information about the complex metabolic system of the pigment-producing 

cyanobacteria and will help us to easily engineer these organisms for large 

production of the pigment molecules. While other researches in the extraction give 

as cost of the high-value pigment can be minimized by applying new metabolic 

approaches, the amount of extraction can be decreased by designing species which 

will dye and other practical product simultaneously,  For this determination, new 

type  and  novative thinking is needed for scientific intervention.  In the result, we 

can say that pigment production through cyanobacteria has a bright and beautiful 

future in the field of cosmetics, pharmaceutical, and many coloring applications. 

Cyanobacterial pigments require studies for their stability, congeniality and 

reduction of their toxicological effect to improve their commercial value in the 

global sale [54]. 
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3  
Materials and Methods  

 

3.1 Materials 

3.1.1 Chemical Materials 

In this study, different types of chemical materials were used as shown in Table 

3.1. 

Table  3.1 Chemical materials used in this study 

Name Chemical structure Company 

Dipotassium hydrogen phosphate  K2HPO4 Merck 

Magnesium sulfate  heptahydrate MgSO4·7H2O Merck 

Calcium chloride dihydrate CaCl2.2H2O Alfa Aesar 

Citric acid HOC(COOH)(CH2COOH)2 
Labochem 

International 

 Ammonium ferric citrate green  C6H8O7·xFe3 + yNH3 Sigma 

Ethylene diamine tetraacetic acid 

disodium salt dihydrate 
C10H14N2Na2O8.2H2O Alfa 

Sodium carbonate Na2CO3 Sigma 

Boric acid H3BO3 VWR 

Manganese(II) chloride 

tetrahydrate 
MnCl2.4H2O Alfa Aesar 

Zinc sulfate heptahydrate ZnSO4.7H2O Alfa Aesar 

https://www.sigmaaldrich.com/catalog/substance/calciumchloridedihydrate147011003504811
https://www.sigmaaldrich.com/catalog/substance/calciumchloridedihydrate147011003504811
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Sodium molybdate dihydrate Na2MoO4.2H2O Abcr 

Copper(II) sulfate pentahydrate CuSO4.5H2O 
Labochem 

International 

Cobaltous nitrate hexahydrate Co(NO3)2.6H2O Alfa Aesar 

Hydrochloric acid HCl Sigma 

Sodium hydroxide NaOH VWR 

Agar ------------- Sigma 

Ethylene diamine tetra acetic acid 

(EDTA) 
C10H16N2O8 Alfa 

Iron(II) sulfate heptahydrate FeSO4.7H2O Sigma 

Molybdenum trioxide MoO3  Sigma 

Ammonium acetate C2H7NO2 Acros Organics 

Ammonium nitrate NH4NO3 Merck 

Ammonium sulfate (NH4)2SO4 Merck 

Ammonium vanadate  NH4VO3  Sigma 

Chromium potassium sulfate 

dodecahydrate 
KCr(SO4)2.12H2O  Sigma 

Nickel (II) sulfate heptahydrate NiSO4.7H2O  Merck 

Chloroform CHCl₃ Sigma 

Tungstic acid sodium salt 

dihydrate 
Na2WO4.2H2O Merck 

Titanium(III)  sulfate Ti2(SO4)3 Sigma 
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CTAB  buffer cetyl 

trimethylammonium bromide 

An antiseptic agent also 

used in DNA extraction 
Merck 

Phenol C6H5OH   Thermo 

Isopropanol or isopropyl alcohol CH3CHOHCH3  Sigma 

Sodium dodecyl sulfate (SDS) C12H25NaSO4 Sigma 

Agarose For electrophoresis Sigma 

Ethidium bromide For electrophoresis Sigma 

T10E1 Buffer, 1 ml of 1 M Tris 

base 
------------------------ Bio-Life 

Sucrose C12H22O11  Sigma 

Bromophenol blue (3′,3″,5′,5″-

tetrabromo-

phenolsulfonphthalein, BPB 

C19H10Br4O5S 

 
Sigma 

Sulfuric acid H2SO4  Sigma 

Nile red stains C20H10N2O2 Sigma 

n-Hexane C6H14 Merck 

DMSO dimethyl sulfoxide (CH3)2SO 
AppliChem 

GmbH 

Sodium azide NaN3  Sigma 

Sodium acetate CH3COONa VWR 

Phosphoric acid H3PO4 BOTTLE 

Methanol CH₃OH Merck 

https://en.wikipedia.org/wiki/Cetyl_trimethylammonium_bromide
https://en.wikipedia.org/wiki/Cetyl_trimethylammonium_bromide
https://www.thermofisher.com/order/catalog/product/17914
https://en.wikipedia.org/wiki/Methyl
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Sulfur
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MyTaq™ DNA Polymerase BIO-21105 Bioline 

MyTaq™ Reaction Buffer BIO-37111 Bioline 

 

3.1.2 Kits Used in the Experiment 

My TaqTM DNA Polymerase: Bioline meridian life science company.  

Gel electrophoresis: Hyper Ladder™  company.  

 

3.1.3 Tools and Devices 

Types of equipment used in this study were shown in Table 3.2. 

Table  3.2 Equipments used in this study 

Name Company 

Autoclave Nuve ot 90L , Multiskan GO User Manual 

Automatic pipettes 
Eppendorf  ( 0.5-10µl , 0-20 µl ,0-200 µl ,0-1000 µl,0-

5000 µl) 

Block thermostat/ 

Nitrogen evaporator 
Teknosem ( TAB-24 Nitrogen evaporator ) 

Cooling centrifuge 
Allegra X-15R Benchtop  from Beckman Colter Life 

Sciences 

Eppendorf 

microcentrifuge 

5418 r speed of up to 16,873 × g allows for standard 

molecular biology applications 

Fast prep homogenizers Mp biomedicals fast prep-24tm 5g instrument 

Florescence Microscope NIKON H600L 

Fluorescent microscope Zeiss axiovert A1 fluorescent microscope 

http://photos.labwrench.com/equipmentManuals/15093-5877.pdf
https://www.mpbio.com/life-sciences/lab-instrumentation
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Freeze Dryer Alpha 1-2 LD plus Entry Freeze Dryer Package 

Freezer 
Haier Biomedical’s standard temperature -86°C ULT 

Freezer 

Freezer (-10°C/ -22°C) Inoksan ( EMP.70.95.02-40) 

FT-IR Spectroscopy PerkinElmer (FT-IR_Spectroscopy ) 

Gel electrophoresis The Azure c200 Gel Documentation  

Hotplate 
Stirrer Hotplate Stirring Stir Hot Plate VWR IKA 

VMS-C7 S1 

HPLC (high-performance 

liquid chromatography) 
HPLC -Shimadzu CTO-10A VP Column Oven HPLC 

Ice maker Scotsman - AF 80 

Incubator Thermo Scientific 390-0467 

Microscope Nikon Eclipse 100 LED Binocular 

Nitrogen evaporator Nitrogen evaporator Teknosem -Tab-24 WEL 

pH- meter Mettler Toledo 

Rotatif wise mix Agitateur rotatif Wise Mix RT - Cloup 

Shaker VWR Advanced Orbital Shaker Model 5000 

Shaker for microtubes Thermo-Shaker for microtubes and PCR plates 

Spectrophotometer Shimadzu balance ATX224 ,  DeNovix DS11 FX+ 

Thermo scientific easy 

Thermo Scientific Easy Cast B1A Mini Gel 

Electrophoresis systems  with Power source: Consort 

EV265 

https://www.haierbiomedical.co.uk/product-category/products/86c-ult-freezer/standard-low-energy-ult/
https://www.haierbiomedical.co.uk/product-category/products/86c-ult-freezer/standard-low-energy-ult/
https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwj7_a744u3gAhUSmbQKHU6PDVkQjhx6BAgBEAI&url=https%3A%2F%2Fwww.perkinelmer.com%2Flab-solutions%2Fresources%2Fdocs%2FBRO_FT-IR_Spectroscopy.pdf&psig=AOvVaw3w6AQudHDZ_daneTZZMv6C&ust=1551970538868644
https://www.azurebiosystems.com/imaging-systems/azure-c200/
https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwi-wf7zmpPhAhXLalAKHfLcAPMQjhx6BAgBEAM&url=http%3A%2F%2Fwww.cloup.fr%2Ftype_print.php%3Fcode%3DTp3178&psig=AOvVaw1b8JxCNnbk_nR-K8Xz0SsH&ust=1553256872390413
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Thermocycler, PCR 

machine 
Bio-Rad T100 PCR Thermal Cycler, TS-100 

UV-Vis 

spectrophotometers 
UV-Vis spectrophotometers: UV-2600 and UV 

 

3.1.4 The Sampling Resources   

The strains were isolated from 8 different hot spring water resources located in 

Ankara Province in Turkey. As shown in the location map (Figure 3.1), the 

samplings were done in Kızılcahamam-Seyhamamı (39°50'44.2"N 27°10'32.3"E), 

Çağa-Mülk (40°07'36.0"N 32°12'47.4"E), Çubuk-Melikşah (40°09'50.1"N 

32°56'49.7"E), Beypazarı-Dutlu (40°09'12.9"N 31°54'15.4"E), Haymana 

(39°25'25.5"N 32°29'41.0"E), Malıköy-Uyuz thermal spring (40°34'25"N 

32°39'59"E), Mürted (39°55'44.9"N 32°52'12.3"E), and Polatlı  (39°53'36.2"N 

32°49'02.2"E). 

 

Figure 3.1 Map of strains isolated from 8 different hot spring water resources 

located in Ankara. 

https://m.youtube.com/watch?v=lH_avEbeMfk
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According to the General Directorate of Mineral Research, Turkey hosts 

approximately 600 geothermal water sources that reaches the ground at a 

temperature between 25-103oC.  

According to the data reported in Turkey Geothermal Resources Inventory 

published in 2005, Central Anatolia region is the region with the highest 

geothermal water resources. Ankara is among the richest province in terms of 

geothermal resources in Turkey. In different areas of Ankara like; Kızılcahamam-

Seyhamamı, Çubuk-Melikşah, Beypazarı-Dutlu-Ayaş, Çağa-Mülk, Haymana, Mürted 

and Polatlı, all these regions are the region with the highest geothermal water 

resources.  

There are 18 natural water outlets in 7 geothermal fields with more than 25° C 

fluid temperature and about 40 hot water springs opened by drilling as shown 

(Table 3.3). Ankara province with very different temperature and water chemistry 

with warm water resources reflects all the many features of the hot springs in 

Turkey. For this reason, the province of Ankara is an excellent field of study in 

order to investigate the evaluation of microorganisms in hot water resources [55]. 

 

Table 3.3 Temperature, pH, radioactivity plan and water chemistry of one of the 

existing water resources in Ankara. 
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3.1.4.1 Fields of Study and Sample Collection    

Samples from the selected stations were taken directly in glass bottles from the 

areas where the hot water flows and from the rocks. The colonized microalgae 

samples were isolated and scraped with care from the outer layer of the rocks and 

stored in glass bottles. Care was taken in the transport of the microalgae samples 

to the laboratory. Water samples which contain the microalgae have been 

extracted from the glass bottles and examined directly under the microscope. After 

that, samples in the bottle left to settle in the dark for a while, the liquid on the 

sediment was removed, and the precipitate was taken to the Petri dishes. After 

that, the 22x22 mm Petri dishes were covered by using parafilm and the liquid was 

removed in the sunlight for a while. For algae adhering to the lamellas by 

phototaxis, a portion of the lamellae was washed with the selected liquid medium 

for isolation, and the other lamellae were made into transient preparations using 

glycerin and were used for the diagnosis of algae [56]. 

Dynamic parameters such as temperature, salinity, pH, ammonium content, nitrate 

content, dissolved oxygen, conductivity and total dissolved solid levels of the water 

resources were measured by means of a multi-parameter reader (YSI ProPlus, 

USA) on-site when the isolation was accomplished in July 2016  [57]. 

 

3.1.4.2 Isolation, Purification, and Culturing of Cyanobacteria 

Microscopy of the samples, BG-11, Allen, FW pre-enrichment types of media were 

prepared and incubated for 5 days. At the end of the incubation, the microscopical 

examination of the cultures was prepared and the species were identified. The 

isolation of cyanobacteria was carried out according to the serial dilution method. 

Dilution processes are usually a successful method in the isolation of microalgae 

that can grow well in the BG-11 medium. However, this method is not enough to 

get rid of the bacteria contamination for the production of axenic cultures. 

Methods such as antibiotic treatment have also been used for the species to be 

determined by microscopical examination in serial dilution, some nutrients were 

be placed in some  
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diluted flasks or incubation were tried under different growth conditions. In 

general, the dilution method was summarized as follows: 2 ml of the 10 ml of the 

sample containing media were transferred into other flasks which contain 20 ml of 

sterile medium solution and left inside a shaker with a light source to be mixed.  

It was then transferred to the next flasks by taking 2 ml from the flasks which 

contain 20 ml and transferred to another new  20 ml flasks under aseptic 

conditions.  

 

Figure 3.2 Diagram illustrates the microalgae's extracting procedure 

 

A clear method flow chart was very complex. The flow chart illustrates the 

extraction procedure used in this study  (Figure 3.2). This process was repeated 

and incubated for 10 days. At the end of the incubation period and at an 

appropriate temperature and light, these flasks were allowed to incubate with 

shaking, and the microscopical study was performed after 15 days. After that, 

samples were taken and examined under the microscope to identify the 

cyanobacteria colonies produced and the purity of the product. After the 

identification, pure cells were then transferred to a new flask by selecting a single 
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colony and allowed to be incubated in solid and liquid media. Isolation methods 

often do not follow a specific method,  

the most appropriate method was decided and applied according to the need for 

observation and quantitative analysis.  

 

3.1.5 Types of Media 

Initially, this study started by using four different culture media was used to 

determine which medium was better and more suitable for the culturing of 

cyanobacteria. 

 

3.1.5.1 Preparation of BG11 (Blue-Green Medium) 

The 8 different stocks solution were separately prepared by dissolving 75.0 g of 

NaNO3, 2.0 g K2HPO4, 3.75 g MgSO4.7H2O, 1.80 g CaCl2.2H2O, 0.30 g citric acid, 0.30 

g ammonium ferric citrate green, 0.05 g EDTANa2, and 1.00 g Na2CO3 were 

separately dissolved in 500 ml of distilled water. Then, the trace metal stock 

solution was prepared in 1 liter distilled water by dissolving 2.86 g H3BO3, 1.81 g 

MnCl2.4H2O, 0.22 g ZnSO4.7H2O,  0.39 g Na2MoO4.2H2O, 0.08 g CuSO4.5H2O and 0.05 

g Co(NO3)2.6H2O. Totaly 9 stock solutions were prepared. 10 ml was taken from 

each stock solution and 1ml was taken from the trace metal stock solution. Total 

volume was 81 ml. As a final step for preparing BG11 medium, 81 ml will be 

transferred to a new 1L bottle and the remaining volume will be compensated with 

distilled water [58]. 

BG11-N and BG11-NP solutions were prepared using the same procedure but with 

small differences. In BG11-N, NaNO3 was not added. In BG11-NP, NaNO3 and 

K2HPO4 were not added. These solutions were prepared as solid and liquid media 

and the pH was adjusted to 7.1 with 1M NaOH or HCl. To prepare the agar (solid 

media), 15.0 g of agar was added to the 1 L prepared solution (Oxoid L11) and 

autoclaved at 15 psi for 15 minutes [59]. 
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3.1.5.2  Preparation of Z8 Medium 

Preparing Z8 medium dispends on three stocks solutions. 

 Stock solution I 

Stock solution I was prepared as shown in Table 3.4. 

Table 3.4 Preparation of stock solution I for the production of Z8 media 

Chemical structure Amount 

MgSO4·7H2O 0.25 g 

NaNO3   0.467 g 

Ca(NO3)2·4H2O 59 mg 

Na2CO3 31 mg 

NH4Cl 0.02 g 

FeEDTA solution 10 mL 

Gaffron micronutrients 1.0 mL 

The resulted media was dissolved separately in ddH2O, gathered together in 1L 

bottle diluted to 1 liter. 

 

 Stock solution II   

Fe EDTA solution: Fe EDTA solution was made by using two types of solutions, 

the first solution (A) prepared by dissolving 2.8 g of FeCl3 in 100 ml of 0.1N HCl, 

while, the second solution (B) was prepared by dissolving 3.9 g EDTANa2 in 100 ml 

of 0.1 N NaOH. After that 10 ml of solution (A) and 9.5 ml of solution (B) were 

added in a new 1L bottle, then diluted with distilled water to complete 1 L. 
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 Stock solution III 

Stock solution III was prepared as shown in Table 3.5. 

Table 3.5 Preparation of stock solution III for the production of Z8 media 

 

Finally, 10 ml of stock solution I and II were added to 1 mL of stock solution III, and 

the mixture was then diluted to 1 liter with dH2O. The diluted mixture was 

autoclaved at 15 psi for 15 min, and the pH of the resulted media was fixed until 6-

7 degree was reached. 

To prepare the agar (solid media), 15g of agar was added to 1L of the prepared 

solution [60]. 

 

Chemical structure Amount (g) 

ZnSO4·7H2O                            0.22 

(NH4)6Mo7O24·4H2O 0.088 

Co(NO3)2·6H2O 0.146 

VOSO4·6H2O 0.054 

Al2(SO4)3K2SO4·2H2O 0.474 

NiSO4(NH4)2SO4·6H2O 0.198 

Cd(NO3)2·4H2O 0.154 

Cr(NO3)3·7H2O 0.037 

Na2WO4·2H2O 0.033 

KBr 0.119 

KI 0.083 

The resulted media was dissolved separately in dH2O, gathered together in 1L 

bottle diluted to 1 liter. 
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3.1.5.3 Preparation of Freshwater Medium ( Fw) 

The freshwater medium was obtained by preparing and mixing 10 stock solutions 

according to the quantities mentioned in Table 3.6 and 3.7.  

 Table 3.6 Freshwater media preparation 

 

*For SL8 micronutrient solution was prepared according to Table 3.7. The 

solutions (I and II) were separately prepared, autoclaved, cooled down and then 

pooled together. 

 

 

 

 

Stock Solution 

(SL) 

Volume 

(ml) 
Chemicals 

Concentration 

(g / 100 ml) 

SL1 20 Ca(NO3)2.4H2O 0.2 

SL2 10 K2HPO4 0.1 

SL3 25 MgSO4.7H2O 0.1 

SL4 20 Na2CO3 0.1 

SL5 50 Na2SiO3.5H2O 0.1 

SL6 10 Ferric-citrate 0.1 

SL7 10 Citric acid 0.1 

 SL8* 5 
Micronutrient 

solution* 
 

  SL9** 30 Soil extract**  

 820 Distilled water  
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Table 3.7 Preparation of SL8 solution 

 

** SL 9 solution is a soil extract solution, prepared as follows: 50 g of soil was 

boiled (e.g. unfertilized garden soil) in 500 mL dd-H2O for 30min. The resulted 

solution was centrifuged at 5500 rpm for 15 min. The supernatant was isolated 

and filtered by using 3 μm filter until the purity was reached. After that, the 

solution was autoclaved twice at 121°C for 35 min. to kill any fungal spores. 

***SL 10 is a mix of vitamins as shown in Table 3.8, as a stimulator for the bacteria 

growth. 1ml of SL 10 solution was added to the autoclaved solution by using 0.2 

μm sterilized filter.  

Solution (ml, g) Solution, Chemicals 

 

 

Solution I 

 

 

 

 

881 mL Distilled water 

1 mL 0.1 g ZnSO4. 7H2O / 100  mL 

2 mL 0.0758 g MnSO4. 7H2O / 100  mL 

5  mL 0.2 g H3BO3 / 100 ml  

5  mL 0.02 g Co (NO3)2. 6H2O  / 100  mL   

5  mL 0.02 g Na2MoO4. 2H2O  / 100  mL 

1  mL 0.0005 g CuSO4. 5H2O  / 100  mL 

0.4 g  EDTA(TriplexIII)   

Solution 

II 
100  mL 

0.7 g FeSO4. 7H2O + 0.4 g EDTA(TriplexIII) / 

1000 ml 
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Table 3.8 Stock solution of SL 10 

 

After mixing all of the solutions together (SL 1-10) liquid freshwater medium was 

prepared. Solid freshwater medium was prepared by adding 1.0-1.3 % agar and 

the resulted media was autoclaved [61]. 

 

 

 

 

 

 

 

 

 

 

 

Solution Volume Chemicals 

 

SL 10 

 

1  mL 
(0.1 g Vit. B1 + 0.025 mg Vit. H + 0.015 

mg Vit. B12 ) / 100  mL 
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3.1.5.4  Preparation of Allen Medium 

To prepare the Allen medium, first, we need to prepare a solution as demonstrated 

in Table 3.9. 

 Table 3.9 Solution concentration of Allen medium 

 

 

 

 

Component Amount  ml Stock Solution Concentration  

HEPES buffer 2.3 g / L  

NaNO3 1.5 g / L  

P-IV metal  solution * 1 ml / L  

K2HPO4·7H2O 5 ml / L 1.5 g / 200 ml 

MgSO4·7H2O 5 ml / L 1.5 g / 200 ml 

Na2CO3 5 ml / L 0.8 g / 200 ml 

CaCl2·2H2O 10 ml / L 0.5 g / 200 ml 

Na2SiO3·9H2O 10 ml / L 1.16 g / 200 ml 

Citric acid·H2O 1 ml / L 1.2 g / 200 ml 

* P-IV metal solution was prepared according to Table 3.10 
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Table 3.10 P-IV metal stock solution concentration 

Component Amount  ( g/L) 

Na2EDTA·2H2O                         0.75 

FeCl3 ·6H2O 0.097 

MnCl2 ·4H2O 0.041 

ZnCl2 0.005 

CoC2 ·6H2O 0.002 

Na2MoO4 ·2H2O 0.004 

 

50 mL of a resulted mixture from Table 3.9 was added to 950 dH2O and the pH will 

be adjusted to 7.8 using 1M NaOH or HCl, then the mixture will be autoclaved at 

121°C for 20 min. 

The solid media will be prepared by adding 13g of agar to 1L of Allen media, and 

the mixture was autoclaved with the same conditions used above. 

 

3.2 DNA Experiments 

3.2.1 DNA Extraction 

Initially, we added 400 µl of (pre-warmed to 60 oC) extraction buffer on 100mg of 

microalga biomass and vortex for 1 min at maximum speed. After that, we added 

40 µl of SDS (10%) + 8 µl of proteinase K (20mg/ml) vortex for the 30s at 

maximum speed and incubate at 60 oC for 1h by using thermos shaker (the speed 
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was adjusted to low speed (100rpm) during incubation). 0.2% β-mercaptoethanol 

or 1% PVP can be substituted with SDS if necessary. After that, the microtube was  

inverted upside-down 3 times, and 400 µl phenol: chloroform (1:1) was added and 

mixed by  

 

inversion for 2 min (the rotator was set at 20 rpm speed). Centrifugation was 

applied then to all the tubes at 14000 g for 10 min at 4 oC, the mixture was left to 

 settle for 1 min at 4 oC so that the resulted layers were not mixed. There must be 3 

layers; a lower layer which is the organic phase distinguished by green pigment; a 

little-interface layer which must be white, if not, cells are not lysed; and an upper-

aqueous phase which contains DNA. We transferred the upper-aqueous phase to a 

new microfuge tube and then added 300 µl isopropanol. After that the tubes were 

mixed by inversion for 3 min at 20 rpm speed, and incubated for at least for 1h (it 

may be 2h or more, DNA must be visible after incubation) at RT or overnight, then 

the solution was spin at 14000 g for 15 min at 4 oC, and the supernatant was 

removed carefully. The pellet which represents the DNA was washed with 750 µl 

ice-cold EtOH (70%) and rotated it for 2 min at 20 rpm speed. Following this step, 

centrifugation was applied to the tube at 14000 g for 1 min at room temperature. 

The supernatant was discarded and the washed pellet was taken. The pellet (DNA) 

was left to dry by leaving the tube open sterile cabinet for appx. 10 minutes. Then 

300 µl sterile T10E1 (Tris, 10mM +EDTA, 1mM; pH 8.0) was added (or ddH2O can 

be added as a replacement of T10E1). To measure the concentration of the purified 

DNA, nanodrop was used for spectrophotometric quantification at a wavelength 

between (260-280 nm). If the concentration was high a serial dilution of DNA 

solution must be made according to the settings (1, 1:1, 1:4, and 1:8 DNA:ddH2O) 

to see optimal dilution ratio for the quantification. After the quantification, a 50µl 

of DNA was taken in an aliquot and stored at -20 oC for further analysis [62], [63], 

[64]. 

 

3.2.2 Gel Electrophoresis 
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The gel electrophoresis was used twice in this study. The first time was to know 

the molecular weight band gives us a good indicated quality of DNA before the 

PCR. The second gel electrophoresis was used after PCR to know the amplification 

efficiency of DNA.  

 

 

Agarose gel electrophoresis technique for the DNA will help show the purity of the 

isolated DNA, while spectrophotometry will give an indication of the 

concentration. Initially, we prepared 1 % solution of agarose by dissolving 1 g of 

agarose in 100 mL of 0.5x TBE buffer in a microwave for approximately 2 min, then 

allowed to cool for  

a couple of minutes. For the polymerization of agarose solution, we added 2.5 μl of 

ethidium bromide to the beaker, mixed it well and poured the hot mixture in the 

tank to be slowly cooled until the solution transforms into a gel (a comb-like 

plastic was inserted to form the wells). To assure the complete polymerization, the 

mixture was left to settle for 20 min at room temperature and the comb was 

removed soon after. The sample was loaded to the separated wells as following; 10 

μl 1kb ladder + 5 μl sample + 5 μl water + 2 μl 6x loading buffer, then the gel was 

run for 30 min at 100 volts. After that, the gel was exposed to UV light and a picture 

was taken to confirm the isolated DNA quality. If the bands were thick and dark it 

means that the molecular weight is high and dilution is needed (the same 

procedure is repeated for the diluted solution) and the presence of a high 

molecular weight band indicated good quality DNA. However, the presence of a 

smeared band indicated DNA degradation [65]. 

 

3.2.3  Polymerase Chain Reaction (PCR) 

Out of 10 primers (Table 3.11) provided by the literature from previous studies, 

we wanted to choose the best primer for the amplification of the DNA of 

cyanobacteria. To do that we need to try these 10 primers with the isolated DNA of 

https://www.khanacademy.org/science/biology/biotech-dna-technology/dna-sequencing-pcr-electrophoresis/a/polymerase-chain-reaction-pcr
https://www.khanacademy.org/science/biology/biotech-dna-technology/dna-sequencing-pcr-electrophoresis/a/polymerase-chain-reaction-pcr
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the cyanobacteria. PCR was carried out in this process, and after amplification, gel 

electrophoresis was performed to confirm the efficiency of these primers [74]. 

10 µl was taken from all 10 primers in a new clean Eppendorf, and 190 µl of ddH2O 

was added to each tube, this process was made to dilute the primers. Then, to a 

new Eppendorf, 10 µl of the isolated DNA was added to 20 µl of the diluted primer. 

From the last mixture (DNA + diluted primer), we took 1 µl in a new PCR tube. Taq 

DNA polymerase and the other PCR solutions were added according to Table 3.12. 

PCR settings were made according to Table 3.13 by using 30 cycles. Gel 

electrophoresis of the DNA showed the efficiency of the primers. 

Table 3.11 Primer pairs used studies. 

 

Table 3.12  Polymerase chain reaction 

Name Volume   (µl) 

Master mix 5 

Primer name  Primer sequences     Primer Kind  

pA 5’- AGA GTTTGATCC TGG CTC AG - 3’ Forward 

B23S 5’- CTT CGC CTC TGTGTGCCT AGGT- 3’ Reverse 

CYA108F 5’- ACG GGT GAG TAA CRC GTR A- 3’ Forward 

CYA16SSCYR 5’- CTT CAY GYA GGC GAG TTG CAGC- 3’ Reverse 

16S545R 5’- ATT CCG GAT AAC GCT TGC - 3’ Reverse 

CYA359F 5’- GGG GAA TCT TCC GCA ATG GG- 3’ Forward 

CYA781R 5’- GAC TAC AGG GGT ATC TAA TCC- 3’ Reverse 

27F 5’- AGA GTT TGA TCM TGG CTC - 3’ Forward 

27FR 5’- TTG GGC GTA AAG CGT AG- 3’ Forward, Reverse 

809R 5’- GCT TCG GCA CGG CTC GGG TCG ATA- 3’ Reverse 
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Forward primer 1 

Reverse primer 1 

Double-distilled Water  12 

DNA 5 

 

 

 

PCR Program Sitting :                   

Table  3.13    PCR program sitting. 

 Step 1 Step 2 Step 3 Step 4 

Temperature (°C) 94  94 50 72 

Time (min.) 5 10 1.30 2 

30 cycles were done. 

 

After confirming the PCR results by the gel electrophoresis, the 10 tubes (DNA+10 

primers) were sent for sequencing to know which primer is the most suitable for 

cyanobacteria’s DNA amplification. The results obtained by the sequencing 

confirmed that Forward  27F :( AGA GTT TGA TCM TGG CTC) and Reverse 809R :( 

GCT TCG GCA CGG CTC GGG TCG ATA ) of the 10 primers were the best for DNA 

amplification.  

 

3.2.4 Sequence Information of Cyanobacteria Species 

The selected primers were then applied to 12 types of DNA sequences obtained 

from 12 different cyanobacteria species. The same procedure above was 

performed for the 12 DNA types with the selected primers followed by PCR and gel 
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electrophoresis. The samples including PCR products  were sent for sequencing to 

Sentromer DNA Technologies  in Istanbul Turkey ( https://www.sentromer.com/ ). 

The same primers used at PCR were also used for Sanger sequencing. Twelve 

nucleotide sequences are analyzed on the NCBI database, and finally, BLAST 

results are used for identification of the strain. After that the results were 

compared with the data from the gene bank program. Genomic results of 

diazotrophic cyanobacteria are summarized in the following charts (Figure 4.6). 

 

 

3.3  Extraction and Estimation of Phycobiliproteins 

The cyanobacteria samples were cultured and in beakers, and 5 ml of each sample 

was isolated in tubes and centrifuged at 4000 xg for 5 minutes. The supernatant 

was discarded and 5 ml of sodium phosphate buffer (0.1M, pH7.0, containing 1mM 

sodium azide) was added to the pellet to prepare it for sonication (200W, 30 kHz ) 

for 2 min. The samples were left to freeze at -86 °C for 20 min. Then the samples 

were left around 10 minutes at room temperature. Centrifugation is followed for 

the samples at 4000 xg for 5 minutes and the clear supernatant was collected for 

absorbance measurement. 

The phycobiliproteins in the samples were measured at  ( OD 562, OD 620, and  

OD652 ) for the calculation of phycobiliproteins  ( phycocyanin- PC, 

Allophycocyanin –APC, Phycoerythrin –PE ) according to the following equations  

[66]. 

 

                                     PC (mg/ mL) = [A620 - 0.474 (A652)] / 5.34                           (3.1) 

                                     APC (mg/ mL) = [A652- 0.208 (A620)] / 5.09                          (3.2)                                              

                                    PE (mg/ mL) = [A562 – 2.41 (PC) – 0.849 (APC)] / 9.62        (3.3) 

 

3.4  Extraction of Chlorophyll a and Carotenoids  

 

https://www.sentromer.com/
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3.4.1 Harvesting Biomass  

1 ml of each cyanobacteria cell was collected from the previous cultures and 

centrifuged at 15,000 x g at the room temperature for 7 min. The supernatant was 

discarded and the samples were stored at -86 °C for the extraction process. 

 

3.4.2 Extraction of  Carotenoids and Chlorophyll a 

The first step includes the addition of 1 ml of pre-cooled (4 °C) pure methanol to 

the stored green-colored cyanobacteria. The sample was homogenized by pipetting 

up and down, and then each Eppendorf was covered with aluminum foil for 20 min 

to  protect the sample from light. Centrifugation was applied for the samples at 

15,000 x g, 4°C around 5 min. The color of the pellet should be purple or green-blue 

in order to prove that carotenoids and chlorophyll-a were extracted. If not, the 

procedure should be repeated until we get this color change. 

 

3.4.3 Measurement of Carotenoids and Chlorophyll a 

In this study, the concentrations of pigments were measured by using the 

spectrophotometer, the blank is the pure methanol alone. Then the absorbance of 

blank and sample were measured at 470 nm, 665 nm, and 720 nm. After that, the 

concentration of carotenoid and chlorophyll a content were calculated according to 

the equations: 

 

                                           Chla [µg/ml] = 12.9447 (A665 − A720)                                 (3.4) 

  Chla [µM] = 14.4892 (A665 − A720); for Chla molar mass = 893.4890 g/mol   (3.5) 

     Carotenoids [µg/ml] = [1,000 (A470 − A720) − 2.86 (Chla [µg/ml])] / 221    (3.6) 

 

The measurements were repeated three times in order to ensure the obtained 

results and to obtain the mean and standard deviation for each pigment [67], [68], 

[69], [70]. 
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3.5  Fourier Transform Infrared Spectroscopy ( FT-IR ) Analysis 

FT-IR was performed on the biomass of the cyanobacteria cells to determine the 

compounds that are inside these cells. To do that, cyanobacteria cells were 

cultured in BG11 +N, -N, -NP liquid media for 10 days, and cells were collected in 

the 5th and 10th day. The collected cells were placed in a 2mL Eppendorf tubes, 

centrifuged at 2000 x g for 5 min and froze in -86 oC for 24h. After that, the cells 

were taken out of the freezer and dried in a lyophilizer at 40 oC for 12h. FT-IR was 

then performed on the powdered-like cells obtained after drying with the 

lyophilizer. The wavelength of the FT-IR devise was from 4000-450 cm-1, and 64 

scanning for each sample [71]. 

3.6  Growth Measurements Content 

3.6.1 Harvesting Culturing Biomass 

1 mL Cyanobacteria sample was taken from the culture suspension, after that 

measurement, the absorbance of each sample was made at 680nm. Then the 

concentration of the pigments was measured by using spectrophotometer with slit 

width 1 nm and the same media was used as the blank. 

 

3.7     Measurement of Total Protein Content 

3.7.1 Extraction of Total Protein Content 

From the same biomass used in FT-IR determination, frozen cell pellets were taken 

and resuspended (50-100mg) in 500 mL lysis buffer (50 mM Tris–HCl pH 8.0, 2% 

SDS,10 mM EDTA, and protease inhibitor mixed ). After that the cells were frozen 

at –86 °C and quickly thaw them at 37 °C to allow partial cell breakage. Then, 

sufficient amount of glass beads was added to break the cells by vigorous vortexing 

in a homogenizer (10 cycles of mixing for 30 sec and cooling on ice for 30 sec). 

After that samples were incubated in room temperature (use rotator) for 15 

minutes. The samples were then centrifuged at 5000g for 20 min at 4 oC. Then the 

pellet was discarded and the supernatant was saved for protein determination. 
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3.7.2 Protein Determination 

To determine the protein concentration we need to prepare unknown samples 

from the obtained protein samples above. Before we started the experiment, 

protein samples obtained from cyanobacteria were heated at 60 oC mixed with the 

working reagent (1 part 4% copper sulfate + 50 parts Bicin Coninic Acid Solution) 

and saved in the dark at room temperature. The standard was prepared in triplets 

according to Table 3.14 [72]. 

The unknown samples were made using the same volumes in the table but only the 

BSA was replaced with the protein sample we need to measure. After that 200 µl of 

the working reagent was added and mixed in a shaker, then incubated at 60°C for 

30 min and also cooled until room temperature was reached. Then the absorbance 

was measured at 562 nm and the protein concentration was obtained. Protein 

calibration curve was shown in Figure 3.3. 

 

Table 3.14. BSA concentrations used to obtain BSA standard curve 

BSA (μg/ml) Water 

- 10 µL 

1.5 µL 8.5 µL 

3 µL  7 µL 

5 µL 5 µL 

7.5 µL 2.5 µL 

10 µL - 
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Figure 3.3. Protein calibration curve 

 

 

3.8    Measurement of Total Saccharide Content  

3.8.1 Harvesting Biomass 

1 ml of the sample culture suspension was taken and the concentration was 

measured using OD730. Then the cells were centrifuged at 15,000 xg at room 

temperature for around 5 min and the supernatant was discarded. After that, the 

samples were kept at -86 °C. 

 

3.8.2 Extraction of Saccharide  

The samples stored were taken out of the freezer and placed on ice to melt. Then 1 

ml of precooled methanol at 4 °C was added. The cells were homogenized with 

methanol by pipetting and covered with aluminum foil to prevent the light from 

affecting the samples. Then the pigments were extracted from the samples by 

allowing all cells to sit at 4 °C in a dark place for 20 min. The samples were then 

centrifuged at 15,000 x g, 4 °C for around 5 min, and the color of pellet checked the 

by the naked eye. If the pellet was purple and no green color was observed, then 

we can measure the saccharide concentration using the OD730. If the sample’s 

pellet was green, then the procedure should be repeated [73]. 

y = 0.1725x + 0.3168
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3.8.3 Measurement of Total Saccharide  

500µl distilled water was added to each sample’s pellet and mix well by pipetting, 

and the samples were moved to a fume hood. Then phenol 5% was prepared 

(w/w) by dissolving 1 g of phenol into 19 ml of distilled water, the phenol is 

prepared to penetrate the cells. After that, 500 μl of phenol 5% was added to each 

pellet and 500 μl of distilled water was added to the mixture and mix well with 

pipetting. The samples were kept at RT for 15 min. 60 μl of each sample was 

transferred to a 96-well plate, then 150 µl of 96% sulfuric acid was added to each 

pellet. At the end, the concentration of the total saccharide was measured at 

490nm using a spectrophotometer. The standard here is D-glucose. 

 

 

3.8.4 Glucose Calibration 

500 μg/ml D-glucose (w/w) was prepared by dissolving 5 mg of D-glucose in 9.995 

ml of distilled water. Then the 500-μg/ ml D-glucose solution was diluted 

according to Table 3.15. Saccharide calibration curve was shown in Figure 3.4. 

Table 3.15 Preparation of calibration series of D-glucose in distilled water 

Eppendorf tube 

number 

Glucose solution 

(500 μg/mL)  

Distilled water  

(µL) 

Final glucose 

concentration 

(μg/mL) 

1 25 µL 475  25 

2 50 µL 450  50 

3 75 µL 425  75 

4 100 µL 400  100 

5 300 µL 200  300 

6 500 µL - 500 
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y = 0.0024x + 0.0926
R² = 0.998
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Figure 3.4. Saccharide calibration curve 

 
3.9  Analysis in High-Performance Liquid Chromatography ( HPLC ) 

3.9.1 Carotenoid Analysis by HPLC  

2 ml extraction buffer (50% MeOH- 50% THF) was added to 0.1 g wet samples 

collected (lyophilized but there were moisture after taken from -20°C to room 

temperature) and samples were vortexed and filtered with 0.45 μm PTFE filters 

(45/25mm), [74]. 

HPLC settlements 

 Mobil phase : 95% MeOH : 5% THF 

 0.8 flow rate (mL/min) 

 PDA 450 nm 

 First, wash column 25 min (1 run takes less than 25 min) 

 Column type: C8  [74]. 

Calculations:  The formula below was used to the term amount of carotenoid in 

cyanobacteria  
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                                    𝑥 =
1×(HPLC Peak)×(Dilution Ratio)

(Standard Area)×(Amount of Sample)
× 100                                    (3.7) 

 

 Dilution Ratio: 2mL 

 Amount of Sample: 0.1 g 

 Standard Area: For Lutein: 320,000/ For the others :280,000 

 
3.9.2 Vitamin Analysis (B2) by HPLC 

This experiment was started by adding 2.5 N sodium acetate and then added 0.1 N 

HCl. Then the buffer solution at the pH between 4.5-5.0 was prepared. 4 mL from 

the buffer solution was added into 0.1 g wet algae samples. Then samples were 

vortexed. 0.1 ml enzyme (Phosphatase acid) (0.5 mL solid enzyme in 7 mL ddH2O) 

was added. After that, the samples were incubated in shaker horizontally 3 h at 

37°C. 6 mL 1N HCl was added to 4 ml sample in the tube. Then samples were 

filtered with 0.45 μm PET filters (Chromafil) (45/25mm), [76], [77]. 

3.10  Fluorescence Imaging of Cyanobacterial lipids (Nile Red) 

Initially, 1mL of cyanobacteria sample was collected and the absorbance was 

measured at OD720 nm. Then the final absorbance of the cyanobacteria solution 

was adjusted to 0.2-0.3 ml with respective growth media for Nile red staining of 

live cells. After dilution ( if needed ) 980 µl of cyanobacteria suspension was 

transferred into a new Eppendorf tube, and 250 µl of Nile Red dissolved in DMSO 

(1 µg/ mL) was added. The suspension was shaken for 10 min under dark 

conditions. After that, we used a fluorescence microscope to observe the 

fluorescence of samples and to determine the cyanobacteria lipid content [78].  
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4  
Results  

 

4.1 Fields of Studies and Sampling 

The present study was carried out in the Microalgae Culture lab in Istanbul 

Medeniyet University, Turkey. Different cyanobacteria samples were collected 

from 8 different hot spring water resources located in Ankara Province of Turkey. 

There are many dynamic water parameter values measured in this study, the 

parameters showing the dynamic water chemistry of the geothermal fields where 

microalgae samples were measured by a multi-parameter measuring instrument 

[79].  

The dissolved oxygen (DO %) level enters the water by diffusion from the 

atmosphere as a by-product of photosynthesis by algae and plants. The 

concentration of dissolved oxygen level in epilimnetic waters continually 

equilibrates with the concentration of atmospheric oxygen to maintain 100% 

dissolved oxygen level saturation. The excessive algae growth can over-saturate 

(greater than 100% saturation) the water with dissolved oxygen level when the 

rate of photosynthesis is greater than the rate of oxygen diffusion to the 

atmosphere. 

The level of dissolved oxygen in water gave a clear water, so the highest dissolved 

oxygen level was 95.6 % in Maliköy Uyuz Hamamı region, and on the other hand, 

the lowest dissolved oxygen level gave a 41.2% in Dutlu region as shown in Table 

4.1. 

The specific conductivity is known as a numerical expression of an aqueous 

solution's capacity to carry an electric current. This ability depends on the 

presence of ions, their total concentration, mobility, valence, relative 

concentrations, and the temperature of the liquid. The conductivity level gives as 
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the highest electric current level in Dutlu region with 9060, and the low electric 

current level in Melikşah region with a value of 310 (Table 4.1). 

 

 

The total dissolved solids (TDS) will give us the value of organic materials in water 

that was collected from that area, as shown in Table 4.1. The total dissolved solids 

had the lowest level (304), and the DO was 83.4 % in Melikşah region, it means 

that the level of the organic compound is low in this area, and the water was clean. 

But on the other side, in Dutlu region, the total dissolved solids were around 5141 

and the DO was 41.2%, showing that the organic compound’s level was high, it 

indicates the water is so dirty, while in Maliköy Uyuz Hamamı region the (TDS) 

was the lowest 310, and the DO was 83.4 %, and the spc was also low in the . From 

another side the Pressure (N/cm²) values were close to each other in most all 

regions, but the SPC was low in the Melikşahand so high in Dutlu. Consequently, in 

this study, the relationship between some variables measured was not as it was 

expected, and the other variables measured were parallel depending on the region 

that the sample collected from it as shown in Table 4.1. 

 

Table 4.1 Dynamic water parameter values measured in the summer term of hot 
water resources. 
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The dominant nitrogen level depends mainly on the ammonium level, and the 

ammonium level, in its turn, depends on the temperature, salinity of water, pH, and 

NO3- (mg/L). The areas with the highest ammonium concentrations were 

determined in the water samples taken from Malıköy and Seyhamamı geothermal 

areas in Ankara as shown in Table 4.2. 

 

Table 4.2 Temperature, pH, salinity, ammonium and nitrate values of the hot 
water sources in the summer. 

Sampling 
site 

Pressure 

(N/cm²) 
DO % 

DO 
(mg/L) 

SPC 
Conductivity  

[S/m] 

TDS 

(mg/L) 

Beypazarı 703 71 4.1 5949 7950 4021 

Dutlu 700 41.2 2.81 7830 9060 5141 

Ayaş 698 84.2 7.40 6240 5925 4265 

 Maliköy 
Uyuz 

Hamamı 
695 95.6 8.85 6305 6095 4139 

Kızılca 

hamam 
674 67.9 4.23 2890 3690 1890 

Seyhama
mı 

665 64.5 4.16 1596 2125 1045 

Melikşah 676 83.4 10.65 406 310 304 

Sampling site Temp (oC) Salinity (ppt) pH 

NH4+ 

(mg/L) 

NO3- 

(mg/L) 

Beypazarı 41.2 3.12 7.1 8.20 6.90 

Dutlu 34.9 4.14 6.9 7.50 7.47 

Ayaş 21.6 3.64 7.9 7.15 6.24 
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The temperature also was the highest (43.1 oC) in Kızılcahamam region, while in 

Melikşah region was (18.3 oC) the lowest when compared to other regions. On the 

other hand, the highest salinity (ppt) level in Dutlu area was 4.14 with the highest 

conductivity, 9060. It means that the ionization of water was also the highest, 

while the lowest salinity (ppt) level (0.19) was in Melikşah region with the lowest 

conductivity 310. It means that the ionization of water was lowest also in this 

region.  

In Maliköy Uyuz Hamamı and Ayaş areas, the amount of pH was ranged between 

6.2 to 7.9. 

The level of ammonium and nitrate was highest NH4+ (12.1 mg/L) and NO3- (12.07 

mg/L) in Seyhamamı region. While in Melikşah region had the lowest NH4+ (3.22 

mg/L) and NO-3 (1.35 mg/L). In Kızılcahamam region the high level of NH4+ (7.58 

mg/L) and the low level of NO3- (4.38 mg/L) with salinity (1.35 ppt) and 43.1 oC 

temperature were as shown in Table 4.2.  

The strain list is presented below to select samples of cyanobacteria which were 

isolated from hot spring water resources located in Ankara where cyanobacterial 

biodiversity is high. Some of the different phycobiliprotein and carotenoid 

produced diazotrophic cyanobacteria which are already isolated from different 

volcanic lakes and thermal water resources of Turkey. Table 4.3 explains all the 

strain list used in this study (Empire: Prokaryote, Kingdom: Bacterıa, 

Subkingdom: Negıbacterıa, Phylum: Cyanobacterıa). 

 

Maliköy Uyuz 

Hamamı 
26.5 3.25 6.2 12.1 7.05 

Kızılcahamam 43.1 1.35 6.8 7.58 4.38 

Seyhamamı 42.4 0.84 6.7 12.1 12.07 

Melikşah 18.3 0.19 7.8 3.22 1.35 
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Class: Cyanophyceae, 

Group: Nostocales 

Familia: Nostocaceae 
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Species: Nostoc 

Nostoc sp. IMU1      *  

Nostoc sp. IMU17 *       

Nostoc sp. IMU20     *   

Nostoc sp. IMU19   *     

Species: Trichormus    
Malı 
köy 

   

Trichormus sp. IMU26    *    

Species: Nodularıa  Dutlu      

Anabaenopsis sp. IMU23  *      

Species: Anabaena 
Bey 

pazarı 
   

Kızılca 
hamam 

Sey 
hama
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Table 4.3 List of all the strains used in the study. 

 

4.2.   Types of Media Used in the Study 

Cultivation was made on liquid and solid media, which are BG11 and nitrogen 

deprived BG11 medium. The selected nitrogen-fixing species of cyanobacteria, 

which we already had at İstanbul Medeniyet University, were also used. We made 

mı 

Anabaena variabilis sp. IMU8      *  

Anabaena sp. IMU30     *   

Microchaete sp. IMU22 *       

Class: Cyanophyceae 
Group: Nostocales 
Familia: Chlorogloeopsidaceae 

Species: Chlorogloeopsis 

 Dutlu      

Chlorogloeopsis sp. IMU3  *      

Class: Cyanophyceae, 
Group: Nostocales 
Familia: Nostocaceae 

Species: Nostoc 

      

M
elik

 şa 

Mastigocladus sp. IMU2       * 

Class: Synechococcophycıdeae 
Group: Synechococcales 
Familia: Protochlorotrıacheae 

Species: Nodosilinea 

   

M
alı 

k
ö

y
    

Nodosilinea sp.  IMU5    *    
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cultivation on solid plates of BG11 and nitrogen deprived BG11 media and Z8 

medium to compare the growth of cyanobacterium too (Figure 4.1 and Figure 4.2). 

We investigated that the best medium was BG11-N for cyanobacterial growth. All 

species are left to grow by time, and microscopic characteristics had been made 

continually. Some species had been isolated from paddy fields, and the species 

which were selected from our culture collection used to investigate their DNA 

genotypically (Figure 4.1).  

 

Figure 4.1 BG11and BG11-N agar media of cyanobacterial species. 

 

 

Figure 4.2 Characters of growth of cyanobacterial species on FW, Z8, BG11, and 
Allen media(x40). 

 

Cyanobacteria which are isolated from hot spring water resources were cultivated 

in different types of media (FW, Z8, BG11, and Allen media) to compare the growth 

of cyanobacterium too (Figure 4.1 and Figure 4.2). We investigated that the best 

medium was BG11 for cyanobacterial growth. It has been confirmed that the 

quantity and the quality of growth that have grown in BG11-N soled better than 

the growth of cyanobacteria that have grown in Z8-N and Z8 and the other types of 

media. 

  

4.3. Isolation, Purification, and Cultivation of Cyanobacteria 
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The selection of suitable algae strains was an important factor in the overall 

success of biofuel production from microscopic algae [82]. 

Algal species were grown in the 50 mL medium in 100 mL flasks under the 

continuous light intensity of 100 µE/(m2/s) in a temperature-controlled orbital 

shaker with a 120 rpm speed under 25 °C temperature. BG11-N0 medium was 

used as control and NaNO3 was not included in the growth medium for nitrogen 

deprivation. 

Microalgae were cultivated under defined conditions for 5 days and then half of the 

samples centrifuged at 2000 g for 5 min and replaced in BG11-N0-P0 medium to  

observe the effect of phosphorous and to maximize the carotenoid and 

phycobiliprotein production for 5 more days (Figure 4.3). 

Light microscope imagining of the cyanobacteria which grow in BG11-N and BG11- 

NP mediums had been made on the 10th day too (Figure 4.3), and it was found that 

there are no big morphologically differences between BG11-N and BG11- NP 

media. 
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Figure 4.3 Images of cyanobacteria in BG11-N and BG11- NP mediums on the 10th 

day (The width of each microscope image is 50μm (x40)) 
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4.4 Genomic Information and Genomic DNA Sequence of the Cyanobacteria 

Species 

Diazotrophic twelve different cyanobacterial species from hot spring water were 

defined, selected, and extraction of their phycobiliprotein and carotenoid 

production were carried out. Quantitative analysis was carried out using 

fluorescent absorbance. 

The cyanobacterial species that produce considerably high phycobiliprotein and 

carotenoid were exposed to several stress factors; with paying special attention to 

changes on growth. 

The data obtained from these measurements were analyzed statistically, and 

probabilities for the most optimal stress factors compositions were created using a 

different design of experiment software. A new different set of experimental 

designs also run, and the most optimal stress factor composition for maximized 

phycobiliprotein and carotenoid production were defined. Lastly, selected 

cyanobacterial species were grown in photobioreactors where control and optimal 

stress parameters created and their production efficiencies of cells with growth 

kinetics and life cycle analysis were determined. The species were identified based 

on their microscopical and genomic information. Genomic DNA was extracted from 

algal species following phenol-chloroform method on a pellet obtained by 

centrifugation of 10 mL of algal culture at the late-log phase. DNA amplification 

from genomic DNA containing a partial 16S ribosomal RNA region was performed 

by PCR using the following primers: Forward (27F): 5' 

AGAGTTTGATCMTGGCTCAG3' and Reverse (809R): 5' 

GCTTCGGCACGGCTCGGGTCGATA3'. Same primers were used for Sanger 

sequencing. Sequence comparison of the 16S rRNA genes was performed using the 

NCBI databases with BLAS search (National Center for Biotechnology Information) 

and BioEdit-graphical biological sequence editor v7.0.9.  

The total DNAs were extracted from all isolates in this study and were used as a 

template for PCR assays. The purity and concentration of genomic DNA were 

measured using nanodrop spectrophotometer as shown in Table 4.4. 

https://www.ncbi.nlm.nih.gov/
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Table 4.4 The purity and concentration of genomic DNA of cyanobacterial species 

 

 

 

 

 

 

 

Variable 
Absorbance 
(260/280) 

Purity (ng/μl) 

C
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Nostoc sp. IMU1 1.83 12.01 

Chlorogloeopsis sp. IMU3 1.68 166.3 

Mastigocladus sp. IMU2 2.10 174.09 

Nodosilinea sp. IMU5 2.14 74.11 

Anabaena variabilis IMU8 1.98 124.42 

Nostoc sp. IMU17 2.02 175.90 

Nostoc sp. IMU19 2.09 61.31 

Nostoc sp. IMU20 1.93 15.93 

Microchaete sp. IMU22 1.98 64.64 

Anabaenopsis sp. IMU23 1.7 30.92 

Trichormus sp. IMU26 2.02 32.08 

Anabaena sp. IMU30 1.56 78.15 
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Figure 4.4 Electrophoresis of genomic DNA of the twelve different cyanobacterial 
species 

 

Figure 4.5 Electrophoresis of PCR products produced from genomic DNA of twelve 
different cyanobacterial species 
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4.5 Morphology and Sequence Information of Cyanobacteria Species 

The same primers used at PCR were also used for Sanger sequencing. Twelve 

nucleotide sequences are analyzed on the NCBI database, and finally, BLAST 

results are used for identification of the strain. The samples including PCR 

products were sent for sequencing to Sentromer DNA Technologies in istanbul 

Turkey,  (https://www.sentromer.com/) , after that the results were compared with 

the data from the gene bank program.  Genomic results of diazotrophic 

cyanobacteria are summarized in the following charts (Figure 4.6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.sentromer.com/
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Figure 4.6 Sequence information of cyanobacteria species 

4.6 Extraction and Estimation of Phycobiliproteins of Twelve Different    

Cyanobacteria Species 

Phycobiliproteins are water-soluble proteins found in cyanobacteria and some 

eukaryotic algae (Figure 4.7), (Rhoids, Cryptomonad, Glucosetopate) that capture 

photovoltaic energy, which then moves to chlorophyll during photosynthesis. 

Phycobiliproteins are mainly based on their absorption. There are three types of 

red phycobiliprotein pigmentations, two of which are red algae (R & B-

phycoerythrin) and blue-green algae (C-phycoerythrin).  

There are also three types of blue Phycocyanin pigmentation, one of them is 

characterized by red algae (R-phycocyanin), while the other two distinguish blue-

green algae (C-phycoerythrin & allophycocyanin).  

Each algal group is characterized by future pigments such as Green algae are used 

as high-end plants, chlorophyll a and b. Structure, and gold algae are used as 

chlorophyll a and c with fucoxanthin. Blue-green and red algae are used as 

vicobelium compounds.  

Phycobiliproteins and carotenoids are the pigment-protein complexes and have a 

number of health benefits when consumed. This research aims to define most 

optimal stress parameters in which phycobiliprotein and carotenoid production 

are maximized while a decrease in cell growth is considerably low for 

phycobiliprotein and carotenoid production by diazotrophic cyanobacteria [27]. 

The phycobiliproteins B-phycoerythrin (B-PE), R-phycoerythrin (R-PE) and 

allophycocyanin (APC) are among the preferred pigmentation for applications that 

require either high sensitivity or simultaneous multicolor detection. 
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Figure 4.7 Extraction and estimation of phycobiliproteins. 

4.6.1 Phycocyanin  

Phycocyanin content of cyanobacteria was analyzed (Figure 4.8). The strains of 

Nostoc sp. IMU1, A.variabilis L. IMU8, and Trichormus sp. IMU26 showed high 

phycocyanins content when compared to other strains under these studies. 

Phosphorus deprivation was induced production of phycocyanins in Nostoc sp. 

IMU1. On the other hand, Nostoc sp. IMU1 showed normal levels of phycocyanins 

on the 5th day of growth while it gave a rapid increase in phycocyanins content. 

 

Figure 4.8 Production of phycocyanin from twelve different species of 
cyanobacteria in BG11 -N and -NP deprivation. 



 

72 

 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07
Phycocyanin [mg/ml]

5 DAY

10 DAY

Impact of +N, -N and -NP deprivation on phycocyanin production of selected three 

cyanobacteria was shown in (Figure 4.9), -N deprivation was the controlled unit in 

this experiment. The specific data showed the phycocyanin content of Nostoc sp. 

IMU1+N was increased (12%) at the day 5th day of the incubation, while the value 

of Nostoc sp. IMU1+N was decreased on the 10th day of the incubation (73%). 

However, the Nostoc sp. IMU1-NP was increased (23.6%) at the 5th day, but the 

value decreased to (74%) at the 10th of the incubation. The Anabaena variabilis. 

IMU8 +N was decreased (18.6 %) at the 5th day, while this value had another 

decrease up to (32.4%) at the 10th day of the incubation. However, Anabaena 

variabilis. IMU8 -NP was decreased to (59%) at the 10th day of the incubation. 

Trichormus sp. IMU26 +N was also decreased around (7.3%) at the 5th and the 10th 

day of the incubation. While the Trichormus sp. IMU26 -NP was decreased (11%), 

(52%) at the day 5th, the 10th day of the incubation respectively. 

 

Figure 4.9 Impact of +N -N and -NP deprivation on phycocyanin production of 
selected three cyanobacteria. 
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4.6.2 Allophycocyanin 

Allophycocyanins content of cyanobacteria was analyzed (Figure 4.10). The strains 

Nostoc sp. IMU1, A.variabilis L. IMU8, Trichormus sp. IMU26, showed high 

allophycocyanins content when compared to other strains under these studies. 

Phosphorus deprivation induced production of allophycocyanins in Nostoc sp. 

IMU1. On the other hand, Nostoc sp. IMU1 gave a rapid increase in phycocyanins 

content on 10th days of growth at -P deprivation.  

 

Figure 4.10 Production of allophycocyanin from twelve different species of 

cyanobacteria in BG11 -N and -NP deprivation. 

 

Impact of +N, -N and -NP deprivation on allophycocyanin production of selected 

cyanobacteria was shown in (Figure 4.11), -N deprivation was the controlled unit 

in this experiment. The specific data showed the Allophycocyanin content of Nostoc 

sp. IMU1+N was increased (7%)  at the day 5th day of growing, while the value of  

Nostoc sp. IMU1+N was increased to 61% at the 10th day of growing. However, the 
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sp. IMU1-NP was increased to 15% at the 5th day, but it was decreased to 43% at 

the 10th day of growing. The Anabaena variabilis. IMU8+N was decreased (22.1 %) 

at the 5th day, while this value was changed to (31 %) at the 10th day of growing. 

However, the Anabaena variabilis. IMU8-NP was decreased to 59% at the 10th day 

of growing. The Trichormus sp. IMU26 +N was also (13%), (8%) at the day 5th and 

the 10th day of growing respectively. But The Trichormus sp. IMU26 -NP was 

increased (7%) at the 5th day of growing, and was decreased to (53%) at the 10th 

day of growing.  

 

Figure 4.11 Impact of +N, -N and -NP deprivation on allophycocyanin production 
of three selected cyanobacteria. 
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4.6.3 Phycoerythrin 

Phycoerythrins content of cyanobacteria was analyzed (Figure 4.12). The strains 

A.variabilis L. IMU8 and Trichormus sp. IMU26 showed high phycoerythrins content 

when compared to other strains under these studies. Phosphorus deprivation 

induced production of PE in Nostoc sp. IMU1.  

Figure 4.12 Production of phycoerythrin from different species of twelve 
cyanobacteria in BG11 -N and -NP deprivation. 
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Impact of +N, -N and -NP deprivation on phycoerythrin production of selected 

cyanobacteria was shown in (Figure 4.13). The specific data showed the 

phycoerythrin content of Nostoc sp. IMU1+N was increased (12%) at the 5th day of 

growing, while the value of Nostoc sp. IMU1+N was decreased to the (22%) at the 

10th day of growing. However, the Nostoc sp. IMU1-NP was increased (20%) at the 

5th day, but it was decreased to (38%) at the 10th day of growing. The Anabaena 

variabilis. IMU8+N was decreased (21%) at the day 5th day, while this value 

changed to (38 %) at the 10th day of growing. However, the Anabaena variabilis. 

IMU8-NP was decreased to (68%) at the 10th day of growing. The Trichormus sp. 

IMU26 +N was also (8%), (14%) at the 5th and the 10th day of growing respectively. 

But the Trichormus sp. IMU26 -NP was increased (8%) at the 5th day of growing 

and was decreased to (57%) at the 10th day of growing.  
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Figure 4.13 Impact of +N, -N and -NP deprivation on phycoerythrin production of 

three selected cyanobacteria. 

4.6.4 Total Phycobiliproteins  

Production of total phycobiliproteins from the selected three species of 

cyanobacteria was shown in (Figure 4.14), -N deprivation was the controlled unit 

in this experiment. The specific data showed the phycobiliproteins content of 

Nostoc sp. IMU1+N was increased to 10% at the 5th day of growing, while the value 

of Nostoc sp. IMU1+N was decreased to 63% at the 10th day of growing. However, 

the Nostoc sp. IMU1-NP was decreased to 16% at the day 5th day, but it was 

increased to 90% at the 10th day of growing. The Anabaena variabilis. IMU8+N was 

decreased to 20% in the 5th day, while this value changed to 32 % at the 10th day 

of growing. However, the Anabaena variabilis. IMU8-NP was decreased to 63% in 

the 10th day of growing. The Trichormus sp. IMU26 +N was also 9%, 11% at the 5th 

day and the 10th day of growing respectively. But The Trichormus sp. IMU26 -NP 

was increased to 9% at the 5th day of growing and was decreased to 54% at the 

10th day of growing.  
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Figure 4.14 Production of total phycobiliproteins from the selected three species 
of cyanobacteria 

 

4.7 Chlorophyll a and Total Carotenoid Contents 

Chlorophyll a is identified as the main dye that is transformed photovoltaic energy 

to chemical energy. Chlorophyll b as adjunct pigments act indirectly in 

photosynthesis by transfer. The light is absorbed by A3-chlorophyll. The 

chlorophyll molecule Mg2+ in its center makes it ionic, granular, and non-

hydrophobic ring in nature with a carbonic range in the tail makes it polar. It is 

held in place in the plant cell within a water-soluble chlorophyll (WSCP) protein. 

Chlorophyll b differs from chlorophyll a only in a single function in which, a 

porphyrin ring surrounds the group (sense - CHO), and also chlorophyll b is the 

more soluble type of chlorophyll in polar solvents than chlorophyll a due to 

carbonyl group no. 18 [41]. Chlorophyll a content of cyanobacteria was analyzed 

(Fig. 4.15). The strains Nostoc sp. IMU 1,  
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Figure 4.15 Production of chlorophyll a from twelve different types of cyanobacteria 

species by using BG11-N, BG11-NP media. 

 

A.variabilis L. IMU8 and Nostoc sp. IMU1 showed high chlorophyll a content when 

compared to other strains studies. Phosphorus deprivation induced production of 

chlorophyll a in Nostoc sp. IMU1. On the other hand, A.variabilis L. IMU8 showed a 

rapid increase in chlorophyll a, content at the 5th day of -PN deprivation while it 

retunes back to the normal levels in the 10th day of growth at -PN deprivation. 

The total carotenoid content of cyanobacteria was analyzed (Fig.4.16). The strains 

Nostoc sp. IMU1, A.variabilis L. IMU8 showed high total carotenoid content when 

compared with other strains studies. Phosphorus deprivation induced production 

of total carotenoid in Nostoc sp. IMU1. On the other hand, A.variabilis L. IMU8 

showed a rapid increase in total carotenoid content on 5th days of -NP deprivation 

while it returns to the normal levels on the 10th day of -NP deprivation. 
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Figure 4.16 Measurment of total carotenoid from twelve different species of 

cyanobacteria. 

4.8 Fourier Transform Infrared Spectroscopy (FT-IR) Analysis 

The results obtained by the FT-IR data were validated using a different analytical 

approach. A single point resonance FT-IR was performed through the three 

different profiles of the cyanobacterial layer from different positions (Fig.4.17, 4.18 

and 4.19).  

The results were obtained by the FT-IR of +N, -N and -NP deprivation on the 

production of were compared to every species of cyanobacteria alone. All analyses 

were obtained from identical cell aggregates at a specific depth. The 886 nm 

excitation shows no enhancement of the red-shifted band closer to the surface 

position but instead possesses a more enhanced red-shifted band at lower 

positions. The uppermost two spectra in possess a weaker resonance FT-IR of 

carotenoids superimposed on a stronger fluorescence background; FT-IR 

dominates the spectral record when using 886 nm excitation, as shown in baseline-

corrected spectra. Figures (Fig.4.17, 4.18 and 4.19) mentioned about FTIR analysis 

of three different types of cyanobacteria. This figures explained the difference 

between FTIR measurements of the selected three species of cyanobacteria Nostoc 

sp. IMU1, A.variabilis L. IMU8, Trichormus sp. IMU26.  
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Figure 4.17 FTIR content of Nostoc sp. IMU1 in BG11-N as controlled media, 

BG11+N, and BG11-NP media in the 5th day and the 10th day. 
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Figure 4.18 FTIR content of Anabaena variabilis. IMU8 in BG11-N as controlled 
media, BG11+N, and BG11-NP media in the 5th day and the 10th day. 
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Figure 4.19 FTIR content of Trichormus sp. IMU26 in BG11-N as controlled media, 
BG11+N, and BG11-NP media in the 5th day and the 10th day.  
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A strong correlation of the (C=C) carotenoid band position with depth was 

observed in all profiles, thus confirming the results described above. A strong 

signal due to phycobiliproteins in the 1560–1660 cm−1 range was detected at 785 

nm excitation, arising from stretching vibrations of C=C in methane bridges and 

pyrrole rings, with some contribution from C=N stretchings. Medium to weak 

bands of phycobiliproteins were detected at 1333, 1287, 1242, 1241, 1149, 1113, 

1064, 975, and 619 cm−1. Depth-dependent variations of the relative signal 

intensity of phycobiliproteins were registered by point FT-IR measurements and 

confirmed by FT-IR imaging (unpublished data). The FT-IR of the 

phycobiliproteins is enhanced at deeper positions from the rock surface. The red 

excitation also provides corroborative chlorophyll features at 1556, 1517, 1329, 

1189, 1, 918, 886 cm−1, as well as other bands of weaker intensity. The chlorophyll 

signal intensity relative to overall carotenoid signal remains at comparable levels 

at different depths. 

 

4.9 Growth Content 

Filamentous of cyanobacteria, except for Oscillatoria sp., regularly would produce 

heterocysts in the absence of combined nitrogen (NO2-, NO3- and NH4+) in the 

BG11-N medium [37]. Chlorophyll a was used to calculation the  measurement 

constants of  the growth rate of the three species of cyanobacteria bacteria that selected. 

Figure 4.20 explains all these variables. The growth measurements content of 

Nostoc sp. IMU1 species containing BG11-N (as controlled media), the BG11+N and 

BG11-NP were measured in the 2-16 day of growing. The simply growth rate was 

significantly increased in BG11-N by the 14th day while the specific growth rate 

was significantly decreased in the as controlled media and Bg11-NP media.  

 

 

 

 

 



 

86 

 

 

Figure 4.20 Growth content of Nostoc sp. IMU1 

Figure 4.21 explains the growth of A.variabilis. IMU8. Increase the maximum 

absorption of pigment with its concentration in the environment may affect light 

transferred in water, which ultimately affects the photosynthesis and growth of 

aquatic blue bacteria. According to the growth of A.variabilis L. IMU8, both 

chlorophyll and protein synthesis were prevented from increasing dye 

concentration. Some anionic dyes inhibit the growth of blue bacteria because these 

pigments interact with physiologically important ions i.e., Ni2+, Mg2+, Ca2+ and Zn2+ 

[85]. 

 

Figure 4.21 Growth content of Anabaena variabilis. IMU8 
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The growth measurements content of A.variabilis. IMU8 species containing BG11-N 

(as controlled media), the BG11+N and BG11-NP were measured at the 16th day of 

growing. The growth increased in the controlled media and BG11-N by the 12th day 

while it was significantly decreased in the Bg11-NP media (Fig 4.21). 

 

Figure 4.22 Growth content of Trichormus sp. IMU26 

Figure 4.22 explains growth measurements content of Trichormus sp. IMU26. The 

growth measurements content of Trichormus sp. IMU26 species containing BG11-N 

(as controlled media), the BG11+N and BG11-NP were measured at the 2-16 day of 

growing. The growth significantly increased in the controlled media and BG11-N 

until 8th day while it was significantly decreased in the BG11-NP media (Fig 4.22). 

Figure 4.23 explains the growth measurements of cyanobacteria content. The 

specific data showed the growth measurements of Nostoc sp. IMU1+N was 

increased (47%) at the 6th day of growing, but from the other side, the value of 

Nostoc sp. IMU1_NP was decreased (9%) at the 12th day of growing. The Anabaena 

variabilis. IMU8 +N was decreased (17%) at the day 6th, while this value was 

changed to 0.3%  
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at the 12th day of growing. However, the Anabaena variabilis. IMU8 -NP was 

increased at the 6th day around 3% and 26% at the 12th day of growing. The 

Trichormus sp. IMU26 +N was decreased to 7% at the 6th and 20% at the 12th day of 

growing. While the Trichormus sp. IMU26 -NP was decreased to 13% and 35% at 

the 6th and the 12th day of growing respectively (Fig 4.23).  

 

Figure 4.23 Growth content of three cyanobacteria species by using BG11, BG11-
N, and BG11-NP media. 
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4.10 Total Protein Content 

Figure 4.24 explains total protein measurements content of cyanobacteria species. 

The nitrogen supply increased the total protein production in Nostoc sp.IMU1. 

There was approximately 30% increase in total protein content as measured at the 

end of 12 days of incubation. On the other hand, -NP deprivation resulted in 

significant decreases in total protein content of Nostoc sp. IMU1 when compared to 

-N deprived ones. -NP deprivation decreased total protein content, approximately 

20% and 60% at the 6th and the 12th day, respectively. 

On the other side, the nitrogen supply reduced in the total protein production in 

Anabaena variabilis. IMU8. to 6.7% at the day 6th day, while this value was hanged 

to 11% at the 12th day of growing. However, the Anabaena variabilis. IMU8 -NP was 

decreased at the 6th day around 14.3% and 34.9% at the 12th day of growing, 

respectively.  

 

Figure 4.24 Total protein content of three cyanobacteria species. 
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However, the nitrogen supply increased total protein production in Trichormus sp. 

IMU26. There was approximately 30% increase in total protein content as 

measured 

 at the end of the 12th day of incubation. On the other hand, -NP deprivation 

resulted in significant decreases in total protein content of Trichormus sp. IMU26 

when compared to -N deprived ones. -NP deprivation decreased the total protein 

content, approximately 28% and 24% at the 6th and the 12th day respectively. 

 

4.11 Total Saccharide Content  

Figure 4.25 shows total saccharide content of cyanobacteria species. The specific 

data showed the total saccharide content of Nostoc sp. IMU1+N was increased from 

10% to 60% on day 6 and 12 of growing, respectively. While the value of Nostoc sp. 

IMU1-NP was decreased to 25% at the 12th day of growing. The Anabaena 

variabilis. IMU8 +N was increased to 19.8 % in day 6, while this value was changed 

to 26.2% at the 12th day of growing. However, the Anabaena variabilis. IMU8 -NP 

total saccharide level was increased by 42.7% at the 6th day and reached around 

118% at the day 12th of growing. The Trichormus sp. IMU26 +N was also increased 

(108.3%) at the day 6th day and reached 168.3% at the 12th day of growing, while 

the Trichormus sp. IMU26 -NP was decreased from 50% to 38% at  the 6th day and 

the 12th day of growing respectively (Fig 25). 



 

91 

 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

Trichormus
sp.IMU26-N6

Trichormus
sp.IMU26-N12

Trichormus sp.
IMU26-NP6

Trichormus
sp.IMU26-NP12

LUTEIN

ZEAXANTHIN *

CANTHAXANTHIN*

CHLOROPHYLL A

ECHINENONE*

ALPHA CAROTENE

BETA CAROTENE

Σ
C

a
ro

te
n

o
id

µ
g
 /

 1
0
0
g

Carotenoid contents of Trichormus sp. IMU26

 

Figure 4.25 Total saccharide content of cyanobacteria species. 

4.12 High-Performance Liquid Chromatography– (HPLC) 

In the present study, different types of carotenoids were selected (lutein, 

zeaxanthin, canthaxanthin, chlorophyll a, echınenone, alpha carotene, and beta 

carotene) to study in the Trichormus sp. IMU26. After that, the vitamin B2 was 

analyzed in the Trichormus sp. IMU26. However, the vitamin B2 also was analyzed 

in the Trichormus sp. IMU26 species. 

 

4.12.1 Carotenoid HPLC Analysis  

 

Figure 4.26 Carotenoid contents of Trichormus sp. IMU26. 

Figure 4.26 shows carotenoid contents of Trichormus sp. IMU26. Different changes 

in β-carotene, canthaxanthin, echinenone, and zeaxanthin levels were measured in 

Trichormus sp. IMU26 and incubated in -N or -NP lacking media for 6 and 12 days 

of incubation. The β-carotene and alpha carotene contents increased after 6 and 12 

days of the incubation in the -NP deprivation.  
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4.12.2 Vitamin B2 HPLC Analysis    

Figure 4.27 shows vitamin B2 contents of Trichormus sp. IMU26. The changes in 

vitamin B2 levels were measured in Trichormus sp. IMU26 incubated in -N or -NP 

lacking media for 6 and 12 days of incubation. The vitamin B2 content increased of 

6 and 12 days of the incubation in the -NP deprivation when compared to –N 

deprived Trichormus sp. IMU26. 

 

Figure 4.27 Vitamin B2 contents of Trichormus sp. IMU26. 
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4.13 Fluorescence Imaging of Cyanobacterial Lipids 

In the present study, the effects of various nitrogen and phosphorus sources were 

investigated on total lipid contents. Cyanobacteria species were grown in BG-11+N, 

BG11-N, and BG11-NP for 16 days with a source of nitrogen and phosphorus 
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parallelly running [80]. 

Figure 4.28 Fluorescence imaging of cyanobacterial lipids 

Figure 4.28 shows the fluorescence imaging of cyanobacterial lipids. The 

cyanobacteria analyses were obtained from cell aggregates at a specific depth; the 

special light in the nitrogen-fixing heterocyst was so bright and shining. This 

means that the lipid content was very high in the cyanobacteria species. But the 

Nostoc sp. IMU1 did not affect the nitrogen or nitrogen phosphorus deprivation in 

terms of lipids. However, the Anabaena variabilis. IMU8-NP increases the 

production of the lipid in terms of or nitrogen phosphorus deprivation so much, if 

compared with the nitrogen content in Anabaena variabilis IMU8+N. But on the 

other hand, the Trichormus sp IMU26 +N increased lipids production in terms of 

nitrogen more than the Trichormus sp IMU26 -NP content. 
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5  
Discussion of the Results  

 

5.1 Types of Media Used in The Study  

The results which were obtained through the study of different types of blue 

bacteria and identified as the best strains that can be utilized in the fields of 

biotechnology,  advanced technology and knowledge of the best agricultural media 

that can grow these types of bacteria and determine the optimum conditions of 

heat, energy sources and quantities. These factors are almost different from one 

place to another (BG11, FW, Z8, and Allen media) as in Fig 4.2.  

It was found that cyanobacterial species under study that grow in hot spring water 

resources located in Ankara could be cultured well by growing them in BG11, 

BG11-N and BG11-NP media and the best medium was BG11.  The quantity and the 

quality of growth in BG11-N soled were better than in Z8-N, Z8, and the other 

media [69,81]. 

In other studies which were conducted in hot springs water, they were used 

different types of cyanobacterial strains that isolated from Gunung Pancar 

(Leptolyngbya HS-16 and Leptolyngbya HS-36) were incubated at 20 °C, 35 °C, and 

50 °C in BG-11 liquid medium culture at pH of 7.4. BG-11 medium contains 

macronutrients and micronutrients [86, 87]. 

Different environmental and operational factors, which change the biology, 

environments of these organisms and their biomass productivity as well as 

biomass, composition must be regarded into account.   

The most significant factors are nutrients, pH, and alkalinity, source of light, 

cultural cell density, temperature, and contamination by another m.o. [88]. The 

cyanobacteria can also be used both CO2 and HCO3- as a source of carbon while 
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cyanobacteria and chlorophyceae can start growth in 18% dissolved CO2 in the 

culture medium, but cyanobacteria use CO2 at a higher rate than chlorophyceae 

[89, 90]. 

5.2   Isolation, Purification, and Cultivation of Cyanobacteria 

The choice of suitable algal strains was an important factor in the overall success of 

biofuel production from microscopic algae [82]. As the algal species grew in a 

medium of 50 ml in 100 mL flasks 50 mL medium in 100 mL flasks under the 

continuous light intensity of 100 µE/(m2/s) at temperature-controlled orbital 

shaker with a 120 rpm speed under 25 °C temperature.  BG11-N0 medium, which 

was used as control and NaNO3, was not included in the growth medium for 

nitrogen deprivation (Figure 4.3). In this study cyanobacterial strains were not 

depended on the nitrogen and phosphorus as a source of nutrients but in other 

research they used them [91, 92]. 

Phosphorus is also a necessary macronutrient for microalgae growth, although 

cyanobacterial biomass does not take large amounts of phosphorus, as it receives 

less than 1% of it, phosphorus is an essential growth-limiting factor, especially in 

natural environments where phosphorus is limited [93,94]. The low phosphorus 

absorption is related to low cell frequencies [95].  Moreover, cyanobacteria can 

collect excess amount of phosphorus as polyphosphate reserves, which can be 

satisfactory for extended culture in phosphorus-deficient media [94]. The 

utilization of phosphate is energy-dependent, and its uptake rate is slower in the 

dark than in source light [96, 98]. However, the uptake of phosphate was 

determined by pH; uptake rates reduce in acid and almost alkaline environments 

[97]. Additionally, the carriage of ions also influences the uptake of phosphate; 

namely, lack of ions such as K+, Na+, and Mg2+ modify the phosphate uptake rate 

[95, 98]. 

However, In the other study the temperature was the necessary physical factor, 

which significantly influences the oxygen unfolding activity of the photosystem II 

(PSII), has several effects on the cyanobacterial membranes, and affects nutrient 

availability and its uptake [99,100]. 
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There is a relationship between temperature, light, and photoinhibition at a low 

degree of temperatures. Cyanobacteria were photoinhibition by the high- light 

effects, and thus, the temperature can be deemed as the most critical limiting 

factor in easy cultivation during the winter. The photoinhibition can be 

considerably  

decreased by an increase in temperature [99]. Temperature is a part that also 

affects cyanobacterial biomass composition. Moreover, that protein content 

reduces by the increased in temperature [101], but the related time, carbohydrate 

content was increased [102]. 

 

5.3 Genomic Information and Genomic DNA Sequence of the Cyanobacteria 

Species 

In this study, the species were identified based on their microscopical and genomic 

information. Genomic DNA was selected from algal species following the phenol-

chloroform method on a pellet collected by centrifugation of 10 mL of algal culture 

at the late-log phase. DNA amplification from genomic DNA carrying a partial 16S 

ribosomal RNA region was performed by PCR using the following primers: 

Forward (27F): (5’ AGAGTTTGATCMTGGCTCAG 3') and Reverse (809R): 

(5'GCTTCGGCACGGCTCGGGTCGATA3'). The same primers were utilized for Sanger 

sequencing. Sequence identification of the 16S rRNA genes was performed using 

the NCBI databases with BLAS search (National Center for Biotechnology 

Information) and BioEdit-graphical biological sequence editor v7.0.9. The total 

DNAs were extracted from all isolates in this study and were used as a template for 

PCR assays. The purities and concentrations of genomic DNAs were measured 

using Biodrop spectrophotometer as shown in Table 4.4 and Figure 4.4, but also 

the analysis of 16S ribosomal RNA region by using polymerase chain reaction 

denaturing gradient gel electrophoresis gives as 400 Bp in Figure 4.5, The samples 

including PCR prodacts  were sent for sequencing to Sentromer DNA Technologies  

in istanbul Turkey ( https://www.sentromer.com/ ) , after that  the results were 

compared with the data from the gene bank program. 

https://www.sentromer.com/
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However, other researchers found that the PCR - based quality control (QC) as 

shown on the extracted DNA samples to determine the sufficiency of at least 

30,000 reads. Sample with unfinished reads was re-extracted from the 

supplementary sample. Sequencing were performed by the Australian Genome 

Research Facility in this recerch, Queensland.  

 

The V1- V3 hypervariable and flanking ranges of the 16S rRNA gene was amplified 

using primers 27F: (5’ AGAGTTTGATCMTGGCTCAG 3’) and 519R:  (5’ 

GWATTACCGCGGCKGCTG 3') [103,104]. 

Other researchers also found  that 16S rRNA-based NGS library development 

primers were designed for the V4 region in the microbial 16S rRNA gene, and the 

primers utilized for PCR introduced Illumina Bridge PCR-compatible primers, 

barcode primers, and the V4 universal primers 515F: 

(5′GTGCCAGCMGCCGCGGTAA-3′) and 806R:  (5′GGACTACHVGGGTWTCTAAT-3′). 

 PCR products were cleared with magnetic beads, and the sizes were verified by an 

Agilent 2100 Bioanalyzer (Agilent Technologies, Inc.). This was followed by 

quantification with Qubit 3.0 (Thermo Fisher Scientific, Inc.), qPCR, and sequencing 

with the Illumina HiSeq 4000 platform (Illumina, Inc.) ], [104,105]. 

The homology of the three selected species,  Nostoc sp. IUM1 around 98% similar 

to Nostoc sp.PCC7017,  Anabaena sp. IMU8 gives 97% similar to Anabaena 

variabilis .CIBNOR23 and the Trichormus sp. IMU26 gives 95% similar to Trichormus 

sp.MACC643. 

 
5.4 Extraction and Estimation of Phycobiliproteins (PBPs) 

Phycobiliproteins (PBPs) in Figure: 5.1 are the principal component of light-

harvesting systems in cyanobacteria and red algae.  As well as their real, genuine, 

actual, essential role in photosynthesis, PBPs have many reasonable applications in 

medical analysis, treatment of diseases, foods, and makeups, nevertheless, 

fundamental studies and technological discoveries were mostly needed for 

searching those potentials, such function, and structure, their biosynthesis as well  
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as and purification of the downstream. For medical use and application, 

mechanisms underlying their therapeutic effects [106]. 

 

 

 

However, other researchers found that the extracted of phycobiliprotein can be 

operated as a fluorescent marker in biological research. After pigment extraction, 

continuing biomass can be utilized for carbohydrate and protein-rich feedstock for 

either food supplement or as a carbon source in fermentation media for other 

biofuel (e.g., ethanol and butanol) productions. Rodjaroen et al., studied eleven 

cyanobacterial cultures in BG-11 medium at 60 µmole photon m-2 s -1 light 

intensity maintaining 12:12 day-night ratio and 28°C temperature and reported 

that Oscillatoria sp. produces 19.32 % w/w on dry biomass basis) carbohydrate 

[107]. 

 

Figure 5.1 General exemplification of a phycobilisome structure phycobiliproteins 
(phycoerythrins PC or phycoerythrocyanin PE, allophycocyanins APC) [110]. 
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The accumulation of carbohydrates and depletion of phycobiliprotein in the same 

time period has also been reported by other investigators in a different strain of 

cyanobacterial [108]. Three cyanobacterial strains were isolated and cultured in 

BG-11 medium, incubated at 27 °C with a ratio of 12:12 days at night and a light 

density at 41 µmol m-2 s -1 by Parekh et al., [109]. In this research, the authors 

note that the extracellular polysaccharide composition. Opsillatoria sp. was 34.4 

mg protein / gm EPS and Nostoc sp. produced 40.1 mg protein / gm EPS [82].  

 

Moreover, Subramanian et al. isolated Phormidium sp.from aqueous source found 

23% (w / w based on dry biomass) protein accumulation [109]. In their 

investigation, it was observed that two isolated Phormidium sp. (NITAAP005 and 

NITAAP012) produced approximately 65% (w / w based on dry biomass) protein 

in 15 days. Furthermore, Oscillatoria sp. and Microcoleus sp. they were also a 

potential source of protein as these strains contain about 50% (weight / weight 

based on dry biomass) in 15 days. 

Another research [110] mentioned the strong light intensity usually reduces the 

accumulated amount of pigments (chlorophyll and PBP) due to a mechanism to 

protect against photosynthesis damage promoted by free radical production. The 

optical image occurs through a two-step process: 

1- Destruction of the manganese group in the oxygen evolution complex  

2- The direct effect of light disruption of the photochemical reaction center of the 

second photodiode system (PSII) by light containing it absorbed by 

chlorophyll. 

Moreover, the repair of photosynthetic PSII is prevented by reactive oxygen 

species, which mainly suppress the synthesis of de novo proteins [111]. However, 

high light intensity promotes the growth of microalgae, which represent the 

opposite condition required for the production of phycocyanin [112]. Phycocyanin 

content in cyanobacteria increases when it grows in low light intensity (0–120 20l 

2 in 1) [113, 114].  



 

101 

 

Other researchers were indicated that the results of phycobiliprotein in tested 

strains of cyanobacteria revealed to the maximum amount of phycoerythrin (PE) in 

fragile Phormidium (32.28±0.34μg mL-1) and the minimum in Phormidium species 

(1.57±0.67 μg mL-1). On the other hand, the Phormidium sp., which contain a much 

higher amount, than phycocyanin (PC) (14.33±0.09 μg ml-1) and the minimum 

Synechococcus elongatus (2.75±0.01 μg ml-1 respectively). Thus, these two strains 

act as rich sources of dyes and can be technically exploited. Similarly, the content 

of Phycocyanin (PC) was maximum in Lyngbya diguetii (17.5 μg ml– 1) and minimal 

in  

Carost Nostoc (12.1 μg ml–1). The content of Phycoerythrin (PE) was at the 

maximum in Oscillators (48.7 μg ml–1) and the minimum at Muscola sylindrosperm,                   

 

(15.34 μg ml–1). Allophycocyanin (APC) had a maximum in Lyngbya diguetii (25-μg 

ml–1) and a minimum in Moscula sylindrospermum (15.34 μg ml–1). 

The total content of phycobiliprotein was maximum in Oscillatory oscillations (81.4 

μg ml–1), and minimum in Moscula sylindrospermum (45.98 μg ml–1) 119.  However 

,when comparing dyes, the best results was found in fragile Phormidium (322.8 ± 

0.034 μg ml-1 dry weight) were more significant than Oscillatoria subbrevis (48.7 

μg ml–1 ) for phycoerythrin and Phormidium sp. (143.3 ± 0.09 μg ml-1 dry weight) 

larger than Lyngbya diguetii (17.5 μg ml–1 ) for phycocyanin. The total current 

market value of phycobiliproteins products (including fluorescent agents) is 

estimated at more than US $ 60 million. [115]. 

Unlike most other photosynthetic organisms, cyanobacteria are able to make 

photosynthesis efficiently in the low chlorophyll absorption spectrum over the 

wavelength range 450 to 655 nm by means of PBPs [116].  Phycoerythrin (PE, λA 

max = 540-570 nm; λF max = 575-590 nm), phycocyanin (PC, λA max= 610-620 

nm; λF max: 645-653 nm) and allophycocyanin (APC, λA max = 650-655 nm; λF 

max = 657-660 nm) are main PBPs in cyanobacteria [117]. 

The overall content and proportions of PBPs differentiate depending on the type of 

cyanobacterium and fluctuations in the environmental conditions in (Fig 4.8, 4.10, 
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4.12). In this study, Nostoc sp. IMU1, Anabaena sp. IMU8, and Trichormus sp. IMU26 

in ( Fig 4.9, 4.11, 4.13)  respectivly were isolated from the same spring water 

resource at the same time and the stock cultures were maintained in N-lacking BG-

11 medium for approximately 20 months before the experimentation. Thus, the 

strains were considered as N-deprivation acclimated cyanobacteria. Analysis of the 

PBP content of exponentially growing cells showed that Trichormus sp. IMU26 

produce approximately 4.8, and 2.6 folds higher PBP equivalent than Anabaenopsis 

sp., and Nostoc sp. respectively: Figure 4.14. and the cyanobacterium Trichormus 

sp. IMU26 was selected for further analysis [118]. 

In cyanobacteria, the PBP content and composition is dynamically regulated in 

response to environmental changes such as light intensity, temperature, pH, and  

nutrient availability [136].   Amongst nutrients, N and P are of special importance 

as mainly N availability affects C and N allocation to phycobiliproteins, and P 

availability affects spore formation in filamentous cyanobacteria [118]. 

Phosphorus and N are the main principal nutrients limiting microalgal growth in 

most water habitats [119].  

It was reported that the proportion of cyanobacteria increased with distance 

downstream in a manner related to the large decreases in N and P concentrations 

that occur in stream water [120]. Thus, in order to evaluate further physiological 

differences, Trichormus sp. IMU26 was incubated in N-sufficient, N-lacking, and N- 

and P-lacking BG-11 growth medium. When compared to N-deprived ones, N 

supply improved initial growth and N-P-deprivation did not cause a significant 

change in first 6 days whereas a substantial decrease of growth in both groups was 

observed after the 8th day of incubation. Both N-sufficient and N-P-deprived cells 

entered the stationary phase after the 10th day of incubation while N-deprived cells 

were still growing exponentially with a higher cell density by the end of 16 days of 

incubation.   Phosphorus is essential for cell growth, as it is a vital macromolecular 

constituent of phospholipids, proteins, polysaccharides, and cofactors [121].  

However, an initial increase in cell density followed by a lower saturation level of 

population density in N-sufficient cells was somewhat interesting. This may stem 
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from the fact that the cyanobacterium is acclimated to N-deprivation over 20 

months of maintaining.  

Recently, [122] reported that N-free growth of diazotrophic Nostoc sp. resulted in 

higher biomass and PC production. Likewise et al.  Reported that growing 

Anabaena sp. in N-free medium is superior to nitrate, ammonium or urea supply in 

terms of PBP production [123]. Supportively, our results show that 12 days of 

nitrate supply lower the level of PBP when compared to N-deprived ones. 

However, the level of PBP equivalents remained unaffected by the increased 

population density in N-deprived ones. Decreased level of PBP production 

accompanied by saturation of population density may reflect the overall PBP 

production in the existence of nitrogen source in diazotrophic cyanobacterium 

Trichormus sp. IMU26. Thereby, our results refer that long thermal diazotrophic 

growth of N2-fixing cyanobacteria  

may increase the PBP yield and the saturation level of the population density. 

Short thermal N- and P-deprivation stimulated higher PBP production but a rapid 

degradation of PBP equivalents was observed on a longer time period of 12 days of 

incubation. In fact, the PBPs do not contain phosphorus. The uptake and 

intracellular accumulation of phosphate are common in filamentous cyanobacteria 

[124]. The phosphate stock is used under P deficiency to support growth and 

cellular metabolism [125].  Thus, increased PBP levels in the first 6 days may 

reflect growth related photosynthetic adaptation strategies to overcome the 

absence of P and the diminished PBP levels observed in 12 days of P-deprivation 

might be the consequence of decreased PBP biosynthesis relative to the rate of cell 

division.   

Thus, increased PBP levels in the first 5 days may reflect growth-related 

photosynthetic adaptation strategies to overcome the absence of P and the 

diminished PBP levels observed in 10 days of P-deprivation might be the 

consequence of decreased PBP biosynthesis relative to the rate of cell division, The 

biomass characteristics in cyanobacteria tend to change as a response to 

environmental fluctuations. Thus, a potential change in biomass characteristics of 
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the three types of strains that selected and grown in N-replete, N-lacking, and N-P-

lack.  

 

5.5 Chlorophyll a and Total Carotenoid Contents 

The results of chlorophyll content of cyanobacteria were analyzed in (Figure 4.15). 

Strains of Nostoc sp. IMU 1, A.variabilis L. IMU8 and Trichormus sp. IMU26 showed a 

high percentage of chlorophyll when compared to studies of other strains. 

Deprivation of phosphorus from chlorophyll production in Nostoc sp. IMU1. on the 

other hand, A.variabilis L. IMU8 showed a rapid increase in chlorophyll content a  

on the fifth day of deprivation -PN while returning to normal levels on the tenth 

day of growth in -PN deprivation. 

The total carotene content of cyanobacteria was analyzed (Fig. 4-16). The strains 

of Nostoc sp. IMU1 and A.variabilis L. IMU8 showed a high percentage of total 

carotene compared with studies of other strains. Deprivation of phosphorus from 

the 

 

 production of total carotenoids in Nostoc sp. IMU1. On the other hand, A.variabilis 

L. IMU8 showed a rapid increase in total carotenoids content in the fifth days of 

denial of -NP while returning to normal levels on the tenth day of denial of -NP. 

In another study, it was observed that two isolated Phormidium sp.  (NITAAP005 

and NITAAP012) had high carotenoids content (around 23 mg/gm dry biomass). 

Therefore, these two Phormidium sp. can undergo continuous photosynthetic 

growth under high light intensity condition. With the growing demand of natural 

pigments in the market, there is a need for enhancing production of pigments from 

biological sources. Hence, proper selection of strain or finding a new strain with a 

faster growth rate and high content of desired pigment product is huge beneficial 

for industry [126]. Moreover, the isolated, Phormidium sp. (NITAAP005) having a 

rapid growth rate may be considered as valuable resources for industrial-scale 

cultivation and eventually larger quantity production of carotenoids, [127]. 
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Other researchers were initiated to characterize the biochemical contents in five 

selected species of marine cyanobacteria comprised of two unicellular and three 

filamentous isolates, in terms of chlorophyll a phycobilins pigments, total 

carotenoid, total protein as xanthan, and polyphenolic contents were analyzed. In 

Synechococcus elongatus, Synechococcus aeruginosus, Oscillatoria subrevrevis, 

Phormidium, and Phormidium, chlorophyll a and protein were recorded at an 

interval of two days until day 15. The maximum amount of chlorophyll a and 

protein was recorded on the seventh day and rarely on a ninth day. The amount of 

total carotenoid in Synechococcus elongatus (7.49±0.21 μg g-1) was the maximum 

amount of yield accompanied by Synechococcus aeruginosus (2.84±0.10 μg g-1 

respectively). The last level of the carotenoid was near in Phormidium fragile 

(0.93±0.25 μg g-1). Similar issues were observed in Calothrix marchica (5.26 μg 

ml–1) was significantly (P˂0 05) efficient in phases of carotenoid production and 

in the remaining four species carotenoid content changed from (2.31 μg ml–1 4.82 

μg ml–1) [128,129].   

 

 

 

Paliwal [130]   segregated fifty seven isolates based on their carotenoid production 

using principal component analysis (PCA) and hierarchical clustering and reported 

that Oscillatoria sp., Phormidium sp. and Microcoleus sp. were synthesized 1.71 mg 

g−1, 2.07 mg g−1, and 1.96 mg g−1 carotenoid respectively while grown in BG-11 

culture medium maintaining 25±2°C under a light concentration of 60 µmolm2 s 

−1 and 12:12 h light-dark period [121].  It is well known now that cyanobacterial 

stresses producing high carotenoid content also have more extensive immunity for 

high light concentrations [130]. 
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5.6 Fourier Transform Infrared Spectroscopy ( FT-IR ) Analysis 

In our study, all analyses were obtained from identical cell aggregates at a specific 

depth. The 886 nm excitation shows no enhancement of the red-shifted band 

closer to the surface position but instead possesses a more enhanced red-shifted 
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band at lower positions. The uppermost two spectra in possess a weaker 

resonance FT-IR of carotenoids superimposed on a stronger fluorescence 

background; FT-IR dominates the spectral record when using 886 nm excitation, as 

shown in baseline-corrected spectra. 

 

Figure 5.2 FTIR spectrum of N-replete, N-deficient, and N-P-deficient Trichormus 
sp. IMU26. Dashed arrows show major bands detected in all groups and 
continuous arrows address specific peaks emerged in N-deprived and N-P-
deprived cells. 

 

The biomass characteristics in cyanobacteria tend to change as a response to 

environmental fluctuations. Thus, shown in (Figure 5.2), a potential change in 

biomass characteristics of Trichormus sp. IMU26 grown in N-replete, N-lacking, N-

P-lacking conditions for 6 days of incubation were evaluated by means of FTIR 

analysis. The peak emerged at 1450cm-1 attributed to C-H stretching of 

polysaccharides was visible in N-, and N-P-deficient cell biomass; however, it was 

lost in when Trichormus sp IMU26 was grown in N-replete medium.  Besides, a new 

peak attributed to C=O stretching of Phospholipids (1728 cm-1) emerged when the 

cyanobacterium was N-P-deprived for 6 days of incubation. Phospholipids are the 

main component of cell membranes and they maintain a gradient of chemical and 

electrical processes to ensure cell survival [131]. 

Thereby, it seems that there was a reorganization of surface and composition of 

diazotrophic Trichormus sp. IMU26 biomass as a response to N- and P-deprivation. 

Because there was a clear induction of total protein and saccharide production in 

N-replete Trichormus sp. IMU26, while total protein and saccharide levels showed 

dramatically decreases when the cyanobacterium was grown in N-P-lacking 

medium. Supportively, it was reported an extensive change in biomass 

composition and membrane structure of S.platensis as a response to changes in 

element composition and salinity of the growth medium [132]. Other researchers 

indicated that the natural strain of the heterogeneous cyanobacterium Trichormus 

variabilis VRUC 168 was slowly grown in a low-cost bioreactor of the combined 
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product of polyunsaturated fatty acids (PUFA) and non-toxic substances (EPS) of 

the same blue biomass. 

From the other hand FTIR analysis was performed to see overall changes in 

biomass characteristics in response to N- and P- availability (Figure 5.2). Infrared 

spectra was recorded in transmission mode with 64 scans in the range 4,000–600 

cm-1. The bands were assigned to specific molecular groups on the basis of 

biochemical standards and published studies as previously described [133]. The 

major bands observed in all groups were attributed to C-O stretching frequencies 

of the C-OH groups of polysaccharides (1045cm-1), Amide I absorption (1652cm-1), 

Amide II absorption (1544 cm-1), asymmetric stretching vibration of acyl chains 

(2925cm-1), O-H stretching of carbohydrates and N-H stretching of proteins (3380 

cm-1). 

On the other hand, as shown in the (Figure 5.3), some bands were clearly visible in 

N-deprived and N-P-deprived cells while they were lost in N-replete cells. The 

bands attributed to PO2- asymmetric stretching of phosphodiesters (1076cm-1), 

membrane-bound oligosaccharide C-OH bond (1145cm-1), and symmetric CH3 

bending modes of the methyl groups of proteins (1401 cm-1) were visible in N-

deprived and N-P-deprived A.variabilis sp. IMU8 while they were lost in N-replete 

cells. These bands might be related to systemic resistance. Membrane-bound 

oligosaccharides were described as biologically active elicitors at low 

concentrations [134]. 
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Figure 5.3 FTIR spectrum of old N-replete, N-deficient, and N-P-deficient 
A.variabilis sp. IMU8. 

 

In plants and algae, oligosaccharides were reported to undertake regulatory roles 

on growth, development, and defense against stressors including nutrient 

limitation [135]. Our results refer that N-availability itself might be responsible for 

the induction of membrane-bound oligosaccharide production in diazotrophic 

cyanobacterium A.variabilis sp. IMU8.  

 

 

Figure 5.4 FTIR spectrum of old N-replete, N-deficient, and N-P-deficient Nostoc 
sp. IMU1. 

 

On the other hand, as shown in the (Figure 5.4), some bands were clearly visible in 

N-deprived and N-P-deprived cells while they were lost in N-replete cells. The 

bands attributed to membrane-bound oligosaccharide C-OH bond (1145cm-1), and 

Amide groups bending (1544 cm-1) were visible in N-deprived and N-P-deprived 

deficient Nostoc sp. IMU1.  While they were lost in N-replete cells. These bands 
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might be related to systemic resistance. Membrane-bound oligosaccharides were 

described as biologically active elicitors at low concentrations [134]. 

 

5.7 Growth Measurements Content  

In our study the growth measurements content of A.variabilis L. IMU8 species 

containing BG11-N (as controlled media), the BG11+N and BG11-NP were 

measured in the 16th day of growing. The growth increased in the controlled media 

and BG11-N by the 12th day while it was significantly decreased in the Bg11-NP 

media (Fig 4.23). However, in the Figure 4.23 explains growth measurements 

content of  

Trichormus sp. IMU26. The growth significantly increased in the controlled media 

and BG11-N until 8th day while it was significantly decreased in the BG11-NP 

media (Fig 4.23). But the figure 4.23 explains the growth measurements of 

cyanobacteria content. The specific data showed the growth measurements of 

Nostoc sp. IMU1+N was increased (47%) in the 6th day of growing, but from the 

other side, the value of Nostoc sp. IMU1-NP was decreased (9%) in the 12th day of 

growing . The Anabaena variabilis IMU8 +N was decreased (17%) in the day 6th, 

while this value was changed to 0.3% on the 12th day of growing. However, the 

Anabaena variabilis IMU8 -NP was increased in the 6th day around 3% and 26% in 

the 12th day of growing. The Trichormus sp. IMU26 +N was decreased to 7% on the 

6th and 20% on the 12th day of growing. While the Trichormus sp. IMU26 -NP was 

decreased to 13% and 35% in the 6th and the 12th day of growing respectively (Fig 

4.23). 

The other researchers find in both cultures, biomass increased during the period of 

light and decreased during darkness. Low biomass during the dark period is a 

known biological response because cells use the energy accumulated during the 

lighting period to meet maintenance requirements. No nitrogen was absorbed in 

the dark, and therefore chlorophyll was not manufactured during the dark period, 

[136,137]. 
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From another side other researchers found, the cyanobacteria had a fast growth 

rate, high photosynthesis efficiency, and require less space. In this study, three 

strains of cyanobacteria were studied to produce phycobiliprotein and the effect of 

potassium nitrate, sodium nitrate, and ammonium chloride on the growth and 

formation of phycobiliprotein strains. In the batch culture period of 12 days, 

Phormidium sp. and Pseudoscillatoria sp., they were able to utilize all the tested 

nitrogen sources; however, ammonium chloride was the best source of nitrogen 

for both strains to achieve maximum growth rate μ = 0.284 ± 0.03 and μ = 0.274 ± 

0.13 day - 1, chlorophyll 16.2 ± 0.5 and 12.2 ± 0.2 mg – 1, [138]. 

Also other researchers improved that the growth of small freshwater algae 

Chlamydopodium fusiform and to verify the process of cell adaptation to different 

amounts of nitrogen, the researchers developed cells in Bristol and BG11, under  

constant conditions from 10 hours to 14 hours in the light / dark cycle. Cultures 

were grown in BG11 showed an increase in biomass accumulation, with cell weight 

reaching 1.94 ± 0.1 g L-1, while in Bristol reaching 1.58 Bristol 0.1 g L-1. In cells 

grown in BG11, the chlorophyll content increased continuously to 79.6 mg L-1 

(ninth day), while in Bristol, it was significantly lower (29.5 mg L-1). 

In our study observed that one of the results obtained from in-depth working to 

the three different types of cyanobacteria and compared to research and study that 

have already been worked that explain most models of cyanobacteria were able to 

adapt themselves to continue to grow and reproduce with the change of the food 

source, especially after the absence and presence of the nitrogen and phosphorous 

elements. This is evidence that these discovered strains are Strains of good 

scientific benefit and can benefit from their production of compounds of 

technological advantage. 

 
5.8 Total Protein Content  

In our study, at total protein in cyanobacteria species (Fig 4.24), the nitrogen 

supply increased the total protein production in Nostoc sp. IMU1. There was 

approximately 30% increase in total protein content as measured at the end of 12 
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days of incubation. On the other hand, -NP deprivation resulted in significant 

decreases in total protein content of Nostoc sp. IMU1 when compared to -N 

deprived ones. -NP deprivation decreased total protein content, approximately 

20% and 60% at the 6th and the 12th day, respectively. On the other side, the 

nitrogen supply reduced in the total protein production in Anabaena variabilis 

IMU8 to 6.7% in the day 6th day, while this value was hanged to 11% at the 12th day 

of growing. However, the Anabaena variabilis IMU8 -NP was decreased at the 6th 

day around 14.3% and 34.9% at the 12th day of growing, respectively. 

But in another research, they found that comparative evaluation of soluble full 

protein contents of five isolated bacterial strains was investigated for 15 and 30 

days of transplantation that total soluble protein strains of bacteria were higher 

for 15 days compared to 30 days. Moreover, a maximum amount (64% of dry 

biomass) 

 of total dissolved protein was synthesized from the strain Phormidium sp. 

(NITAAP012) at a minimum of 15 days (28% of dry biomass). The full soluble 

protein was produced from the Microcoleus sp. strain (NITAAP023) in 30 days.  

The ratio of dissolved protein content was observed in 15 days to 30 days 

maximum (2.1 fold) for Microcoleus sp. (NITAAP023) while the minimum (1.2 fold) 

of one Phormidium sp. (NITAAP004) isolated from a water source. The results 

suggested that 15 days was better cultivation for more than 30 days to achieve 

high protein production [127]. 

Other researchers find  three types of bacterial strains were isolated and 

transplanted into BG-11 medium, incubated at 27 °C with a 12:12 day-night light 

intensity ratio at 41 μmol m-2 s-1 by Parikh et al. Extracellular polysaccharide 

(Opsillatoria sp.) had 34.4 mg protein/gm EPS and Nostoc sp. produced 40.1 mg 

protein / gm EPS [126]. Moreover, Subramanian et al. isolated Phormidium sp. 

from a water source, he found 23% (W / w based on dry biomass) protein 

accumulation [109]. In another investigation, it was observed that two isolated 

Phormidium sp. (NITAAP005 and NITAAP012) produced approximately 65% (w / 

w based on dry biomass) protein in 15 days. Furthermore, Oscillatoria sp. and 
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Microcoleus sp. were also a potential source of protein as these strains contain 

about 50% (weight/weight based on dry biomass) in 15 days. 

The Comparing values of our study with other studies indicate that protein ratios 

and amounts increase in different proportions of cyanobacteria types with more 

important ratios for growth periods between 1-15 days more than bacteria types 

whose growth ranges between 1 to 30 days. This study and previous studies also 

showed that the lack of nitrogen and phosphorous for periods worked to increase 

the rates of protein production, but in proportions that differed according to the 

type of bacteria. 

 

 

 

 

5.9 Total Saccharide Content  

In our study, the total saccharide content of cyanobacteria species (Fig 4.25), The 

specific data showed that the total saccharide content of Nostoc sp. IMU1+N was 

increased from 10% to 60% on day 6 and 12 of growing, respectively. While the 

value of Nostoc sp. IMU1-NP was decreased to 25% in the 12th day of growing. The 

Anabaena variabilis IMU8+N was increased to 19.8 % in day 6, while this value was 

changed to 26.2% on the 12th day of growing. However, the Anabaena variabilis 

IMU8 -NP total saccharide level was increased by 42.7% in the 6th day and reached 

around 118% in the day 12th of growing. The Trichormus sp. IMU26 +N was also 

increased (108.3%) on the day 6th day and reached 168.3% on the 12th day of 

growing, while the Trichormus sp. IMU26 -NP was decreased from 50% to 38% on 

the 6th day and the 12th day of growing respectively . 

Other investigation, Barrick et al., found 70% (w / w based on dry biomass) 

carbohydrates in Oscillatoria sp. among the three isolates grown in the center of 

BG-11 at a temperature of 27°C temperature, 41 µmol m-2 s -1  light intensity and 

a ratio of 12:12 on the night [126]. At another study isolated oscillator SP. 

(NITAAP003), total carbohydrates produce an average of 45% dry biomass in 30 
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days of planting. In another investigation, under continuous white fluorescent 

tubes at a photon 80 µmol photon m-2 s -1 along with a temperature of 28 ± 1 °C, 

Phormidium sp. cultivated in BG-11 medium and 36% (w / w based on dry 

biomass), carbohydrate accumulation has been reported [127]. In this connection, 

it should be noted that their separate Phormidium species (NITAAP004, 

NITAAP005, and NITAAP012) had accumulated by about 41%, carbohydrates on 

the other hand. Their isolated Microcoleus sp. (NITAAP023) also contains the 

highest amount (62% dry biomass) of carbohydrates in 30 days of growth. 

Therefore, this particular strain has the potential of carbohydrates and protein-

rich supplements. It was also noted from their results that in all isolated strains, 

the accumulation of carbohydrates became higher in 30 days of growth compared 

to 15 days, while the synthesis of fatty protein and protein became less in the same 

period time of growth [127].  

 

It should be noted that the three strains studied have accumulated a quantity of 

total saccharide content in different proportions during 12 days of growth. 

However, these three strains from the first six days, there was an apparent effect of 

increasing the formation of this type of total saccharide. It should be noted that the 

three strains studied have accumulated a quantity of saccharide content in 

different species during 12 days of growth, unlike other studies that showed a 

clear effect during 30 days of growth, where The accumulation of total saccharide 

content is higher during 30 days of growth compared to 15 days, as the absence of 

nitrogen and phosphorus had a significant effect on the proportions and amount of 

total saccharide content in the strains studied in different proportions. 

5.10 High-Performance Liquid Chromatography ( HPLC ) 

In the present study, different types of carotenoids were selected (lutein, 

zeaxanthin, canthaxanthin, chlorophyll a, echinenone, -carotene, and -carotene) 

to study in the Trichormus sp. IMU26 species. After that, the vitamin B2 was 

analyzed in the Trichormus sp. IMU26. However, the vitamin B3 also was analyzed 

in the Trichormus sp. IMU26 species. 
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On the other hand, another study of the same selected bacteria Trichormus 

variabilis the relative standard deviations of chromatographic responses in HPLC 

ranged from 4.61% to 5.33% and in HPLC from 0 to 6.12% in one day and from 

4.20% to 12.59% after several days. The lowest standard concentration (1 ng) is 

subject to the most significant errors. Concerning the speed of the analysis, HPLC 

has a significant advantage compared to HPLC [139].  

Erika Bellini and others also worked on the same strain, where it was obtained that 

a low content of peptide or protein was also RP-HPLC and spectral data of the 

REPS solution, indicating the lack of both water-priced compounds and 

chromophore and high amount from the saccharide [140]. 

 

 

 

 

5.10.1 Carotenoid HPLC Analysis 

Carotenoids in cyanobacteria serve as light-harvesting pigments in photosynthesis, 

modulators of membrane microviscosity, and they work against photooxidative 

damage [141]. The strain-specific composition of the carotenoids fluctuates in 

response to environmental changes such as cell density, light regime, and nutrient 

composition of the growth medium [142]. Major carotenoids in cyanobacteria are 

β-carotene and xanthophylls such as canthaxanthin, echinenone, zeaxanthin, 

astaxanthin, and myxoxanthoplhylls [143]. Recently, it was reported that 

carotenoids are required for proper functioning and structural maintenance of 

PBPs [144].  In this study changes in β-carotene, canthaxanthin, echinenone, and 

zeaxanthin levels were measured in Trichormus sp. IMU26 incubated in N- or NP-

lacking media for 6 days of incubation when increased PBPs production was 

observed in NP-deprived cyanobacteria (Fig 5.5). There was a remarkable 

induction of β-carotene and zeaxanthin production accompanied by a decreased 

level of canthaxanthin and echinenone in NP-deficient Trichormus sp. IMU26. 

Zeaxanthin is a hydroxyl derivative of β-carotene while echinenone and 

canthaxanthin are its keto derivatives (Fig 5.5). 
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Increased β-carotene and zeaxanthin production in NP-deprived cells might refer 

to the protection of pigment systems from photoinhibition and oxidative stress. 

Recently, it was shown that zeaxanthin and echinenone protect the repair part of 

the PSII recovery cycle from photoinhibition via reactive oxygen scavenging 

activities [145]. Our results showed that there was approximately 209% increase 

in zeaxanthin production while only 16.2% decrease in echinenone production in 

NP-deprived cells. On the other hand, it was reported that zeaxanthin, a polar 

carotenoid, induces membrane rigidity while echinenone may have a neutral or 

fluidizing effect [146].  

 

 

Figure 5.5 Change in β-carotene/Chl-a, zeaxanthin/Chl-a, echinenone/Chl-a, and 
canthaxanthin/Chl-a levels in Trichormus sp. IMU26 in response to N-deprivation, 
or N-P-deprivation.  

 

While the canthaxanthin and echinenone levels decreased at the same time of 

incubation in the -NP deprivation when compared to –N deprived Trichormus sp. 

IMU26 increased to around 27% in β-Carotene/Chl-a. The level was accompanied 

by a dramatic increase of 20. % in zeaxanthin/Chl-a production. On the other hand, 
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canthaxanthin/Chl-a and echinenone/Chl-a levels decreased to 23.5% and 16.2% 

respectively. 

Thereby, a new peak attributed to  C=O stretching of phospholipids (1728 cm-1) 

observed in FT-IR analysis of NP-deprived Trichormus sp. IMU26 may refer to the 

membrane modulation activity of carotenoids in filamentous cyanobacteria. Lastly, 

blue-green light absorbing Orange Carotenoid Protein (OCP) in cyanobacteria is 

known to act as a stress sensor and energy quencher which is able to bind 

phycobilisomes when it is activated [147]. Activation or deactivation of OCP 

necessitates a dynamic adjustment in carotenoid-chlorophyll and carotenoid-bilin 

interactions [148].  

Thus, elevated phycobiliprotein levels in response to 6-day NP-deprivation of 

Trichormus sp. IMU26 seems to stem from induced β-carotene and zeaxanthin 

production accompanied by a slight decrease in echinenone and canthaxanthin 

levels, from these results, if compared to the effects of other research, it may be a 

little different. Still, on the other hand, they may be positive by discovering new 

types and strains that grow in hot spring water, and this type from strains. It can 

produce different types of carotenoids in different proportions, knowing that these 

strains managed to live in -N deficiency. 

5.10.2  Vitamin B2 HPLC Analysis    

The coloredin cyanobacteria species (blue green algae) had been extensively 

tested. This species is particularly rich in the number of low molecular mass 

compounds including carotenoids and vitamins as well as a battery of chemicals 

that act as antioxidants [149]. Therefore, many medical applications involving 

cyanobacteria like diffrent types of vitamin B have been described [150]. Spirulina 

is relatively easy to grow and harvest on an industrial scale, and could be the 

source of biomass mass for growing global demand for food, biofuels and chemical 

production. However, the changes in vitamin B2 levels were measured in 

Trichormus sp. IMU26 incubated in N- or NP-lacking media for 6 and 12 days of 

incubation. The vitamin B2 content increased after 6 and 12 days of the incubation 
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in the NP-deprivation when compared to N-deprived Trichormus sp. IMU26 in 

[151].  

In another reserch study can used B12 that preduced from The Chlorella sp, and 

the high amounts of vitamin B12 commercial microalgae and has demonstrated the 

importance of the extraction and quantification methods in the analysis of B 

vitamins. [154].  

From these results obtained and compared to previous studies, we found that 

some types of bacteria extracted from different kinds of algae can produce various 

kinds of vitamins and in different quantities. This is what makes them unique. 

These vitamins can be used in the pharmaceutical industries and also act as 

antioxidants and in the production of other materials that are valuable and useful. 

 

5.11 Fluorescence Imaging of Cyanobacterial Lipids 

In the present study, the effects of various nitrogen and phosphorus sources were 

investigated on total lipid contents. Cyanobacteria species were grown in BG-11+N, 

BG11-N, and BG11-NP for 16 days with a source of nitrogen and phosphorus 

parallel running [80]. In order to analysis of the fluorescence imaging of 

cyanobacterial lipids, the cyanobacteria analyses were obtained from cell 

aggregates at a specific depth; the special light in the nitrogen-fixing heterocyst 

was so bright and shining. This means that the lipid content was very high in the 

cyanobacteria species. But the Nostoc sp. IMU1 did not affect the nitrogen or 

nitrogen phosphorus deprivation in terms of lipids. However, the Anabaena 

variabilis IMU8-NP increases the production of the lipid in terms of or nitrogen 

phosphorus deprivation so much, if compared with the nitrogen content in 

Anabaena variabilis IMU8+N. But on the other hand, the Trichormus sp. IMU26 +N 

increased lipids production in terms of nitrogen more than the Trichormus sp. 

IMU26 -NP conten. But in the other hand the another researchers found in the past 

decade, the development of bacterial strains with the potential to accumulate high 

concentrations of fats has gained increasing attention, as these fats can be used in 

different industries. Here we describe two ways to assess fat accumulation in 

cyanobacteria, following our thinking about the issues surrounding these methods. 
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First, we introduce the Bligh and Dyer protocol as a conventional extraction 

method using organic solvents to quantify fat and the next Nile River, and selective 

fluorescent stain, which has been used as a rapid approach to both quantitative 

and quantitative lipid measurement [152,153].  

 

 

 

 

 

 

 

References 

 

[1] A. Oren, “A proposal for further integration of the cyanobacteria under the 
Bacteriological Code,” Int. J. Syst. Evol. Microbiol., vol. 54, no. 5, pp. 1895–
1902, 2004. 

[2] W. Braide, R. N. Nwaoguikpe, S. E. Oranusi, L. I. Udegbunam, C. Akobondu, 
and S. I. Okorondu, “The effect of biodeterioration on the nutritional 
composition and microbiology of an edible long-winged reproductive 
termite, Macroterms bellicosus. Smeathman,” Internet J. Food Saf., vol. 13, 
pp. 107–114, 2011. 

[3] O. Strunecký, K. Kopejtka, F. Goecke, J. Tomasch, J. Lukavsky, and A. N.  Silke, 
“High diversity of thermophilic cyanobacteria in Rupite hot spring identified 
by microscopy, cultivation, single-cell PCR and amplicon sequencing,” 
Extremophiles, vol. 23, no. 1, pp. 35–48, 2019. 

[4] L. Momper, E. Hu, K. R. Moore, J. Tomasch, E. J. Skooq, and A. J.  Tanja, 
“Metabolic versatility in a modern lineage of cyanobacteria from terrestrial 
hot springs,” Free Radic. Biol. Med., vol. 140, pp. 224–232, 2019. 

[5] Y. Singh, A. Gulati, D. P. Singh, and J. I. S. Khattar, “Cyanobacterial community 
structure in hot water springs of Indian North-Western Himalayas: A 
morphological, molecular and ecological approach,” Algal Res., vol. 29, pp. 
179–192, 2018. 

[6] B. T. Mohammad, H. I. Al Daghistani, A. Jaouani, S. Abdel-Latif, and C. Kennes, 
“Isolation and Characterization of Thermophilic Bacteria from Jordanian Hot 
Springs: Bacillus licheniformis and thermomonas hydrothermalis Isolates as 



 

120 

 

Potential Producers of Thermostable Enzymes,” Int. J. Microbiol., vol. 2017, 
pp. 1–12, 2017. 

[7] M. Saluri, M. Kaldmäe, and R. Tuvikene, “Extraction and quantification of 
phycobiliproteins from the red alga Furcellaria lumbricalis,” Algal Res., vol. 
37, pp. 115–123, 2019. 

[8] R. Bhati, “Biodegradable Plastics Production by Cyanobacteria,” 2019, pp. 
131–143. 

[9] A. Patel, L. Matsakas, U. Rova, and P. Christakopoulos, “A perspective on 
biotechnological applications of thermophilic microalgae and 
cyanobacteria,” Bioresour. Technol., vol. 278, pp. 424–434, 2019. 

[10] M. S. Urbieta, E. González-Toril, Á. A. Bazán, M. A. Giaveno, and E. Donati, 
“Comparison of the microbial communities of hot springs waters and the 
microbial biofilms in the acidic geothermal area of Copahue (Neuquén, 
Argentina),” Extremophiles, vol. 19, no. 2, pp. 437–450, 2015. 

 [11] A. Pentecost, “Growth and Calcification of Calothrix — Dominated Oncolites 
from Northern England,” in Origin, Evolution, and Modern Aspects of 
Biomineralization in Plants and Animals, Boston, MA, 1989, pp. 443–454. 

[12] H. M. Patel, R. P. Rastogi, U. Trivedi, and D. Madamwar, “Cyanobacterial 
diversity in mat sample obtained from hypersaline desert, Rann of Kachchh,” 
3 Biotech, vol. 9, no. 8, p. 304, 2019. 

[13] C. M. Prieto-Barajas, L. D. Alcaraz, E. Valencia-Cantero, and G. Santoyo, “Life 
in hot spring microbial mats located in the trans-mexican volcanic belt: A 
16S/18S rRNA Gene and metagenomic analysis,” Geomicrobiol. J., vol. 35, no. 
8, pp. 704–712, 2018. 

[14] A. S. Rozanov, A. V. Bryanskaya, T. V. Ivanisenko, T. K. Malup, and S. E. Peltek, 
“Biodiversity of the microbial mat of the Garga hot spring,” BMC Evol. Biol., 
vol. 17, no. S2, p. 254, 2017. 

[15] R. W. Castenholz, “General Characteristics of the Cyanobacteria,” in Bergey’s 
Manual of Systematics of Archaea and Bacteria, Chichester, UK: John Wiley & 
Sons, Ltd, 2015, pp. 1–23. 

[16] B. A. Whitton and M. Potts, “Introduction to the Cyanobacteria,” in Ecology of 
Cyanobacteria II, Dordrecht, 2012, pp. 1–13. 

[17] L. E. Brand, J. Pablo, A. Compton, N. Hammerschlag, and D. C. Mash, 
“Cyanobacterial blooms and the occurrence of the neurotoxin, beta-N-
methylamino-l-alanine (BMAA), in South Florida aquatic food webs,” 
Harmful Algae, vol. 9, no. 6, pp. 620–635. 

[18] A. S. Kim, A. L. Willis, D. Laubitz, S. Sharma, and A. G. Chiu, “The effect of 
maxillary sinus antrostomy size on the sinus microbiome,” Int. Forum 
Allergy Rhinol., vol. 9, no. 1, pp. 30–38, 2019. 

[19] A. Budzyńska, J. Rosinska, A. Pelechata, M. Toporowska, and A. Kozak, 
“Environmental factors driving the occurrence of the invasive 
cyanobacterium Sphaerospermopsis aphanizomenoides (Nostocales) in 



 

121 

 

temperate lakes,” Sci. Total Environ., vol. 650, pp. 1338–1347, 2019. 

[20] C. R. Woese, “Bacterial Evolution.,” Microbiol. Rev., vol. 51, no. 2, pp. 221–71, 
1987. 

[21] F. Pagels, A. C. Guedes, H. M. Amaro, A. Kijjoa, and V. Vasconcelos, 
“Phycobiliproteins from cyanobacteria: Chemistry and biotechnological 
applications,” Biotechnol. Adv., vol. 37, no. 3, pp. 422–443, 2019. 

[22] A. Tomitani, A. H. Knoll, C. M. Cavanaugh, and T. Ohno, “The evolutionary 
diversification of cyanobacteria: Molecular-phylogenetic and paleontological 
perspectives,” Proc. Natl. Acad. Sci., vol. 103, no. 14, pp. 5442–5447, 2006. 

[23] B. Dooshima Igbabul., “Nutritional and Microbial Quality of Dried Larva of 
Cirina forda,” Int. J. Nutr. Food Sci., vol. 3, no. 6, p. 602, 2014. 

[24] A. Dufresne, M. Salanoubat, F. Partensky , F. Artiguenave, and I. M. Axmann, 
“Genome sequence of the cyanobacterium Prochlorococcus marinus SS120, a 
nearly minimal oxyphototrophic genome,” Proc. Natl. Acad. Sci., vol. 100, no. 
17, pp. 10020–10025, 2003. 

 

[25] E. Briand, C. Yéprémian, J. F. Humbert, and C. Quiblier, “Competition between 
microcystin- and non-microcystin-producing Planktothrix agardhii 
(cyanobacteria) strains under different environmental conditions,” Environ. 
Microbiol., vol. 10, no. 12, pp. 3337–3348, 2008. 

[26] L. Van Liere and L. R. Mur, “Occurrence of Oscillatoria Agardhii and Some 
Related Species, a Survey,” in Hypertrophic Ecosystems, Dordrecht: Springer 
Netherlands, 1980, pp. 67–77. 

[27] N. Lang-Yona, A. T.  Kunert, L. Vogel, C. J. Kampf, I. Bellinghausen, J. Saloga, 
and J. F. Nowoisky, “Fresh water, marine and terrestrial cyanobacteria 
display distinct allergen characteristics,” Sci. Total Environ., vol. 612, pp. 
767–774, 2018. 

[28] J. R. Johansen, L. Kovacik, D. A. Casamatta, K. F. Iková, and J. Kaštovský, 
“Utility of 16S-23S ITS sequence and secondary structure for recognition of 
intrageneric and intergeneric limits within cyanobacterial taxa: 
Leptolyngbya corticola sp. nov. (Pseudanabaenaceae, Cyanobacteria),” Nov. 
Hedwigia, vol. 92, no. 3, pp. 283–302, 2011. 

[29] S. Turner, “Molecular systematics of oxygenic photosynthetic bacteria,” 
1997, pp. 13–52. 

[30] H. G. Trüper, R. Y. Stanier, W. R. Sistrom, T. A. Hansen, B. A. Whitton, R. W. 
Castenholz, N. Pfennig, and V. N. Gorlenko, “Proposal to Place the 
Nomenclature of the Cyanobacteria (Blue-Green Algae) Under the Rules of 
the International Code of Nomenclature of Bacteria,” Int. J. Syst. Evol. 
Microbiol., vol. 28, no. 2, pp. 335–336, 1978. 

[31] R. Y. Stanier, J. Deruelles, R. Rippka, M. Herdman, and J. B. Waterbury, 
“Generic Assignments, Strain Histories and Properties of Pure Cultures of 
Cyanobacteria,” Microbiology, vol. 111, no. 1, pp. 1–61, 1979. 



 

122 

 

[32] R. Li and M. M. Watanabe, “Fatty Acid Composition of Planktonic Species of 
Anabaena (Cyanobacteria) with Coiled Trichomes Exhibited a Significant 
Taxonomic Value,” Curr. Microbiol., vol. 49, no. 5, pp. 376–380, 2004. 

[33] G. Rocap, F. W. Larimer, F. Partensky, J. Lamerdin, and N. A. Ahlqren, 
“Genome divergence in two Prochlorococcus ecotypes reflects oceanic niche 
differentiation,” Nature, vol. 424, no. 6952, pp. 1042–1047, 2003. 

[34] L. R. Moore, G. Rocap, and S. W. Chisholm, “Physiology and molecular 
phylogeny of coexisting Prochlorococcus ecotypes,” Nature, vol. 393, no. 
6684, pp. 464–467, 1998. 

[35] I. O’Farrell, A. Vinocur, and P. de Tezanos Pinto, “Long-term study of bloom-
forming cyanobacteria in a highly fluctuating vegetated floodplain lake: a 
morpho-functional approach,” Hydrobiologia, vol. 752, no. 1, pp. 91–102, 
2015. 

[36] M. Rautio and W. F. Vincent, “Benthic and pelagic food resources for 
zooplankton in shallow high-latitude lakes and ponds,” Freshw. Biol., vol. 51, 
no. 6, pp. 1038–1052, 2006. 

[37] P. M. Reddy and P. A. Roger, “Dynamics of algal populations and acetylene-
reducing activity in five rice soils inoculated with blue-green algae,” Biol. 
Fertil. Soils, vol. 6, no. 1, 1988. 

[38] M. Han, Q. Li, H. Chen, J. Xiao, and F. Jiang, “Spatial and temporal variations in 
cyanobacteria and microcystins in Aha Reservoir, Southwest China,” J. 
Oceanol. Limnol., vol. 36, no. 4, pp. 1126–1131, 2018. 

[39] Q. Fariduddin, P. Varshney, and A. Ali, “Perspective of nitrate assimilation 
and bioremediation in Spirulina platensis (a non-nitrogen fixing 
cyanobacterium): An overview,” J. Environ. Biol., vol. 39, no. 5, pp. 547–557, 
2018. 

[40] S. Sadettin and G. Dönmez, “Bioaccumulation of reactive dyes by 
thermophilic cyanobacteria,” Process Biochem., vol. 41, no. 4, pp. 836–841, 
2006. 

[41] C. C. Ogbaga, P. Stepien, H.-U.-R. Athar, and M. Ashraf, “Engineering Rubisco 
activase from thermophilic cyanobacteria into high-temperature sensitive 
plants,” Crit. Rev. Biotechnol., vol. 38, no. 4, pp. 559–572, 2018. 

[42] J. de la Noue and N. de Pauw, “The potential of microalgal biotechnology: A 
review of production and uses of microalgae,” Biotechnol. Adv., vol. 6, no. 4, 
pp. 725–770, 1988. 

[43] N. P. Das, A. Kumar, and P. K. Singh, “Cyanobacteria, pesticides and rice 
interaction,” Biodivers. Conserv., vol. 24, no. 4, pp. 995–1005, 2015. 

[44] R. Nazir, S. Rehman, M. Nisa, and U. ali Baba, “Exploring bacterial diversity,” 
in Freshwater Microbiology, Elsevier, 2019, pp. 263–306. 

[45] E. Vitkin and T. Shlomi, “Mirage: a functional genomics-based approach for 
metabolic network model reconstruction and its application to 
cyanobacteria networks,” Genome Biol., vol. 13, no. 11, p. R111, 2012. 



 

123 

 

[46] R. MacColl, “Cyanobacterial Phycobilisomes,” J. Struct. Biol., vol. 124, no. 2–3, 
pp. 311–334, 1998. 

[47] F. Wollmann, S. Dietze, J. U. Ackermann, T. Bley, T. Walther, J. Steingroewer, 
and F. Krujatz, “Microalgae wastewater treatment: Biological and 
technological approaches,” Eng. Life Sci., vol. 19, no. 12, pp. 860–871, 2019. 

[48] T. Osanai, K. Numata, A. Oikawa, A. Kuwahara, H. Lijima, Y. Doi, K. Tanaka, 
and M. Y. Hirai, “Increased Bioplastic Production with an RNA Polymerase 
Sigma Factor SigE during Nitrogen Starvation in Synechocystis sp. PCC 
6803,” DNA Res., vol. 20, no. 6, pp. 525–535, 2013. 

[49] M. J. Selig, N. M. Malchione, S. Gamaleldin, O. I. Padilla-Zakour, and A. 
Abbaspourrad, “Protection of blue color in a spirulina derived phycocyanin 
extract from proteolytic and thermal degradation via complexation with 
beet-pectin,” Food Hydrocoll., vol. 74, pp. 46–52, 2018. 

[50] E. Manirafasha, T. Ndikubwimana, X. Zeng, Y. Lu, and K. Jing, 
“Phycobiliprotein: Potential microalgae derived pharmaceutical and 
biological reagent,” Biochem. Eng. J., vol. 109, pp. 282–296, 2016. 

 

[51] C. C. Moraes, L. Sala, G. P. Cerveira, and S. J. Kalil, “C-phycocyanin extraction 
from Spirulina platensis wet biomass,” Brazilian J. Chem. Eng., vol. 28, no. 1, 
pp. 45–49, 2011. 

[52] V. D. Pandey, A. Pandey, and V. Sharma, “Biotechnological applications of 
cyanobacterial phycobiliproteins,” Int. J. Curr. Microbiol. Appl. Sci., vol. 2, no. 
9, pp. 89–97, 2013. 

[53] R. R. J. Borsari, L. R. I. Morioka, M. L. L. Ribeiro, J. B. Buzato, and M. H. P. 
Pinotti, “Mixotrophic growth of Nostoc sp. on glucose, sucrose and sugarcane 
molasses for phycobiliprotein production,” Acta Sci. - Biol. Sci., vol. 29, no. 1, 
pp. 9–13, 2007. 

[54] D. K. Saini, S. Pabbi, and P. Shukla, “Cyanobacterial pigments: Perspectives 
and biotechnological approaches,” Food Chem. Toxicol., vol. 120, pp. 616–
624, 2018. 

[55] L. F. Prescott, R. N. Illingworth, J. A. Critchley, M. J. Stewart, R. D. Adam, and A. 
T. Proudfoot, “Intravenous N-acetylcystine: the treatment of choice for 
paracetamol poisoning.,” BMJ, vol. 2, no. 6198, pp. 1097–1100, 1979. 

[56] M. D. Guiry and E. Nic dhonncha, “56 Algaebase,” J. Phycol., vol. 39, no. s1, pp. 
19–20, 2003. 

[57] A. R. Zafar, “On the ecology of algae in certain fish ponds of Hyderabad-
India,” Hydrobiologia, vol. 23, no. 1–2, pp. 179–195, 1964. 

[58] J. C. Meeks, “Symbiosis between Nitrogen-Fixing Cyanobacteria and Plants,” 
Bioscience, vol. 48, no. 4, pp. 266–276, 1998. 

[59] A. Kuhl and H. Lorenzen, “Chapter 10 Hmdling and Culturing of Chlorella,” 
1964, pp. 159–187. 



 

124 

 

[60] R. A. Williams, C. D. Mamotte, and J. R. Burnett, “Phenylketonuria: an inborn 
error of phenylalanine metabolism.,” Clin. Biochem. Rev., vol. 29, no. 1, pp. 
31–41, 2008. 

[61] R. C. Starr, “The Culture Collection of Algae at Indiana University,” Am. J. Bot., 
vol. 51, no. 9, pp. 1013–1044, 1964. 

[62] S. Aljanabi, “Universal and rapid salt-extraction of high quality genomic DNA 
for PCR- based techniques,” Nucleic Acids Res., vol. 25, no. 22, pp. 4692–
4693, 1997. 

[63] J. Fraga, L. Rojas, I. Sariego, and C. A. Sarrı́a, “Optimization of random 
amplified polymorphic DNA techniques for its use in genetic studies of 
Trichomonas vaginalis isolates,” Infect. Genet. Evol., vol. 2, no. 1, pp. 73–75, 
2002. 

[64] E. M. Jutras, R. M. Miller, and I. L. Pepper, “Optimization of arbitrarily primed 
PCR for the identification of bacterial isolates,” J. Microbiol. Methods, vol. 24, 
no. 1, pp. 55–63, 1995. 

[65] P. Bogani, D. Cavalieri, R. Petruccelli, L. Polsinelli, And G. Roselli, 
“Identification of Olive Tree Cultivars By Using Random Amplified 
Polymorphic Dna,” Acta Hortic., no. 356,pp. 98–101, 1994. 

[66] A. Bennett and L. Bogorad, “Complementary chromatic adaptation in a 
filamentous Blue-Green Alga,” J. Cell Biol., Vol. 58, No. 2, pp. 419–435, 1973. 

[67] R. J. Ritchie, “Consistent Sets of Spectrophotometric Chlorophyll Equations 
for Acetone, Methanol and Ethanol Solvents,” Photosynth. Res., vol. 89, no. 1, 
pp. 27–41, 2006. 

[68] A. L. García and N. Nicolás, “Establishing errors in the spectrophotometric 
determination of chlorophylls using different solvents,” J. Plant Physiol., vol. 
152, no. 4–5, pp. 392–398, 1998. 

[69] M. I. Heinonen, V. Ollilainen, E. K. Linkola, P. T. Varo, and P. E. Koivistoinen, 
“Carotenoids in Finnish foods: vegetables, fruits, and berries,” J. Agric. Food 
Chem., vol. 37, no. 3, pp. 655–659, 1989. 

[70] R. J. Porra, “Spectrometric Assays for Plant, Algal and Bacterial Chlorophylls,” 
in Chlorophylls and Bacteriochlorophylls, Springer Netherlands, pp. 95–107, 
2006. 

[71] F. Mairet, O. Bernard, P. Masci, T. Lacour, and A. Sciandra, “Modelling neutral 
lipid production by the microalga Isochrysis aff. galbana under nitrogen 
limitation,” Bioresour. Technol., vol. 102, no. 1, pp. 142–149, 2011. 

[72] V. M. Weis, E. A. Verde, And W. S. Reynolds, “Characterization of a short form 
Peridinin-Chlorophyll-Protein (PCP) cDNA and protein from the symbiotic 
dinoflagellate symbiodinium Muscatinei (Dinophyceae) from the sea 
anemone anthopleura Elegantissima (Cnidaria)1,” J. Phycol., vol. 38, no. 1, 
pp. 157–163, 2002. 

[73] T. Zavřel, P. Očenášová, M. Sinetova, and J. Červený, “Determination of 
storage (Starch/Glycogen) and total saccharides content in Algae and 



 

125 

 

Cyanobacteria by a phenol-sulfuric acid method,” Bio-Protocol, vol. 8, no. 15, 
2018. 

[74] S. A. Çevikkalp, G. B. Löker, M. Yaman, and B. Amoutzopoulos, “A simplified 
HPLC method for determination of tryptophan in some cereals and legumes,” 
Food Chem., vol. 193, pp. 26–29, 2016. 

[75] M. Humayoun Akhtar and M. Bryan, “Extraction and quantification of major 
carotenoids in processed foods and supplements by liquid chromatography,” 
Food Chem., vol. 111, no. 1, pp. 255–261, 2008. 

[76] G. E. Jiang, S. B. Joshi, L. J. Peek, D. T. Brandau, J. Huang, M. Ferriter, N. G. 
Harvey, and B. M. Ford, “Anthrax vaccine powder formulations for nasal 
mucosal delivery,” J. Pharm. Sci., vol. 95, no. 1, pp. 80–96, 2006. 

[77] L. Campanella, G. Crescentini, and P. Avino, “Simultaneous determination of 
cysteine, cystine and 18 other amino acids in various matrices by high-
performance liquid chromatography,” J. Chromatogr. A, vol. 833, no. 2, pp. 
137–145, 1999. 

[78] P. J. Poor, K. L. Pessagno, and R. W. Paul, “Exploring the hedonic value of 
ambient water quality: A local watershed-based study,” Ecol. Econ., vol. 60, 
no. 4, pp. 797–806, 2007. 

 

[79] J. N. Rosenberg, G. A. Oyler, L. Wilkinson, and M. J. Betenbaugh, “A green light 
for engineered algae: redirecting metabolism to fuel a biotechnology 
revolution,” Curr. Opin. Biotechnol., vol. 19, no. 5, pp. 430–436, 2008. 

[80] S. P. Shukla, “Assessment of the effect of the toxicity of a textile dye on 
Nostoc muscorum isu, a diazotrophic Cyanobacterium,” pp. 23–25, 1992. 

[81] U. Nübel, F. Garcia-Pichel, and G. Muyzer, “PCR primers to amplify 16S rRNA 
genes from cyanobacteria,” Appl. Environ. Microbiol., vol. 63, no. 8, pp. 
3327–3332, 1997. 

[82] A. J. Mohamed, L. Yu, C. BAckesjo, L. Vargas, and C. E. Smith, “Bruton’s 
tyrosine kinase (Btk): function, regulation, and transformation with special 
emphasis on the PH domain,” Immunol. Rev., vol. 228, no. 1, pp. 58–73, 2009. 

[83] A. R. Grossman, P. G. Lemaux, P. B. Conley, B. U. Bruns, and L. K. Anderson, 
“Characterization of phycobiliprotein and linker polypeptide genes in 
Fremyella diplosiphon and their regulated expression during 
complementary chromatic adaptation,” in Molecular Biology of 
Photosynthesis, Dordrecht: Springer Netherlands, 1988, pp. 161–194. 

[84] L. Tomsone and Z. Kruma, “Spectrophotometric analysis of pigments in 
horseradish by using various extraction solvents,” pp. 210–215, 2019. 

[85] K. Bajwa, N. R. Bishnoi, A. Kirrollia, and S. T. Selvan, “A New Lipid Rich 
Microalgal SP Scenedesmus Dimorphus Isolated: Nile Red Staining and Effect 
of Carbon, Nitrogen Sources on its Physio-Biochemical Components,” Eur. J. 
Sustain. Dev. Res., vol. 2, no. 4, pp. 2–9, 2018. 



 

126 

 

[86] “Cultivation of Algae and Protozoa,” in Manual of Environmental 
Microbiology, Third Edition, American Society of Microbiology, 2007, pp. 79–
92. 

[87] N. B. Prihantini, Z. D. Pertiwi, R. Yuniati, W. Sjamsuridzal, and A. Putrika, 
“The effect of temperature variation on the growth of Leptolyngbya 
(cyanobacteria) HS-16 and HS-36 to biomass weight in BG-11 medium,” 
Biocatal. Agric. Biotechnol., vol. 19, p. 101105, 2019. 

[88] L. Balasubramanian, G. Subramanian, T. T. Nazeer, H. S. Simpson, S. T. 
Rahuman, and P. Raju, “Cyanobacteria cultivation in industrial wastewaters 
and biodiesel production from their biomass: A review,” Biotechnol. Appl. 
Biochem., vol. 58, no. 4, pp. 220–225, 2011. 

[89] M. G. de Morais and J. A. V. Costa, “Biofixation of carbon dioxide by Spirulina 
sp. and Scenedesmus obliquus cultivated in a three-stage serial tubular 
photobioreactor,” J. Biotechnol., vol. 129, no. 3, pp. 439–445, 2007. 

[90] A. Richmond, S. Karg, S. Boussiba, “Effects of bicarbonate and carbon dioxide 
on the competition between Chlorella vulgaris and Spirulina platensis,” Plant 
and cell physiology., vol. 23, no. 8, pp. 1411-1417, 1982. 

[91] A. G. Fontes, M. Angeles Vargas, J. Moreno, M. G. Guerrero, and M. Losada, 
“Factors affecting the production of biomass by a nitrogen-fixing blue-green 
alga in outdoor culture,” Biomass, vol. 13, no. 1, pp. 33–43, 1987. 

[92] J. A. Vieira Costa, K. L. Cozza, L. Oliveira, and G. Magagnin, “Different nitrogen 
sources and growth responses of Spirulina platensis in microenvironments,” 
World J. Microbiol. Biotechnol., vol. 17, no. 5, pp. 439–442, 2001. 

[93] A. Lenart-Boro and P. Boro, “The effect of industrial heavy metal pollution on 
microbial abundance and diversity in soils — a review,” in Environmental 
Risk Assessment of Soil Contamination, InTech, 2014. 

[94] O. Pulz and W. Gross, “Valuable products from biotechnology of microalgae,” 
Appl. Microbiol. Biotechnol., vol. 65, no. 6, pp. 635–648, 2004. 

[95] D. B. Seale, M. E. Boraas, and G. J. Warren, “Effects of sodium and phosphate 
on growth of cyanobacteria,” Water Res., vol. 21, no. 6, pp. 625–631, 1987. 

[96] G. Falkner, F. Horner, and W. Simonis, “The regulation of the energy-
dependent phosphate uptake by the blue-green alga Anacystis nidulans,” 
Planta, vol. 149, no. 2, pp. 138–143, 1980. 

[97] R. H. Lau, C. Sapienza, and W. F. Doolittle, “Cyanobacterial plasmids: Their 
widespread occurrence, and the existence of regions of homology between 
plasmids in the same and different species,” Mol. Gen. Genet. MGG, vol. 178, 
no. 1, pp. 203–211, 1980. 

[98] R. J. Ritchie, D. A. Trautman, and A. W. D. Larkum, “Phosphate Uptake in the 
Cyanobacterium Synechococcus R-2 PCC 7942,” Plant Cell Physiol., vol. 38, 
no. 11, pp. 1232–1241, 1997. 

[99] G. Torzillo, B. Pushparaj, J. Masojidek, and A. Vonshak, “Biological constraints 
in algal biotechnology,” Biotechnol. Bioprocess Eng., vol. 8, no. 6, pp. 338–



 

127 

 

348, 2003. 

[100] N. Murata, “Low-temperature effects on cyanobacterial membranes,” J. 
Bioenerg. Biomembr., vol. 21, no. 1, pp. 61–75, 1989. 

[101] P. Talbot and J. de la Noüe, “Tertiary treatment of wastewater with 
Phormidium bohneri (Schmidle) under various light and temperature 
conditions,” Water Res., vol. 27, no. 1, pp. 153–159, 1993. 

[102] S. M. Renaud, H. C. Zhou, D. L. Parry, L.-V. Thinh, and K. C. Woo, “Effect of 
temperature on the growth, total lipid content and fatty acid composition of 
recently isolated tropical microalgae Isochrysis sp., Nitzschia closterium, 
Nitzschia paleacea, and commercial species Isochrysis sp. (clone T.ISO),” J. 
Appl. Phycol., vol. 7, no. 6, pp. 595–602, 1995. 

[103] T. L. Madigan, N. J. Botti, V. A. Torok, N. J. Percy, J. F. Carrager, M. A. Barros,  
and A. Kiermeier, “A microbial spoilage profile of half shell Pacific oysters 
(Crassostrea gigas) and Sydney rock oysters (Saccostrea glomerata),” Food 
Microbiol., vol. 38, pp. 219–227, 2014. 

[104] O. A. Odeyemi, C. M. Burke, C. C. J. Bolch, and R. Stanley, “Spoilage microbial 
community profiling by 16S rRNA amplicon sequencing of modified 
atmosphere packaged live mussels stored at 4oC,” Food Res. Int., vol. 121, 
pp. 568–576, 2019. 

 

[105] H. Jiang, R. Lei, S.-W. Ding, and S. Zhu, “Skewer: a fast and accurate adapter 
trimmer for next-generation sequencing paired-end reads,” BMC 
Bioinformatics, vol. 15, no. 1, p. 182, 2014. 

[106] W. Li, H. Su, Y. Pu, L. Liu and S. Qin, “Phycobiliproteins: Molecular structure, 
production, applications, and prospects,” Biotechnol. Adv., vol. 37, no. 2, pp. 
340–353, 2019. 

[107] S. Rodjaroen, N. Juntawong, A. Mahakhant, and K. Miyamoto, “High biomass 
production and starch accumulation in native green algal strains and 
cyanobacterial strains of Thailand,” Kasetsart J. - Nat. Sci., vol. 41, no. 3, pp. 
570–575, 2007. 

[108] K. Möllers, D. Cannella, H. Jorgensen, and N.-U. Frigaard, “Cyanobacterial 
biomass as carbohydrate and nutrient feedstock for bioethanol production 
by yeast fermentation,” Biotechnol. Biofuels, vol. 7, no. 1, p. 64, 2014. 

[109] M. B. Syiem, B. B. Nongbri, A. Pinokiyo, A. Bhattacharjee, N. A. Nongrum, and 
L. Hynniewta, “Significance of cyanobacterial diversity in different ecological 
conditions of Meghalaya, India,” J. Appl. Nat. Sci., vol. 2, no. 1, pp. 134–139, 
2010. 

[110] S. K. Ojit, T. Indrama, O. Gunapati, S. O. Avijeet, N. J. Percy, J. F. Carrager, S. A. 
Subhalaxmi, and G. D.Sharma, “The response of phycobiliproteins to light 
qualities in Anabaena circinalis,” J. Appl. Biol. Biotechnol., vol. 3, no. 3, pp. 1–
6, 2015. 

[111] M. J. Kwak, S. M. Je, H. C. Cheng, S. M. Seo, J. H. Park, S. G. Baek, S. Y. Woo, and 



 

128 

 

J. Kim, “Night light-adaptation strategies for photosynthetic apparatus in 
yellow-poplar (Liriodendron tulipifera L.) exposed to artificial night 
lighting,” Forests, vol. 9, no. 2, pp. 1–25, 2018. 

[112] H. B. Chen, J. Y. Wu, C. F. Wang, C. C. Fu, C. J. Shieh, C. I. Chen, and  Y. C.Liu, 
“Modeling on chlorophyll a and phycocyanin production by Spirulina 
platensis under various light-emitting diodes,” Biochem. Eng. J., vol. 53, no. 1, 
pp. 52–56, 2010. 

[113] M. Hsieh, G. Castillo, M. A. Ochoa-Becerra, and L. Mojica, “Phycocyanin and 
phycoerythrin: Strategies to improve production yield and chemical 
stability,” Algal Res., vol. 42, p. 101600, 2019. 

[114] D. da F. Prates, E. M. Radmann, J. H. Duarte, M. G. de Morais, and J. A. V. Costa, 
“Spirulina cultivated under different light emitting diodes: Enhanced cell 
growth and phycocyanin production,” Bioresour. Technol., vol. 256, pp. 38–
43, 2018. 

[115] P. Spolaore, C. Joannis-Cassan, E. Duran, and A. Isambert, “Commercial 
applications of microalgae,” J. Biosci. Bioeng., vol. 101, no. 2, pp. 87–96, 2006. 

[116] A. N. Glazer and J. H. Clark, “Phycobilisomes,” Biophys. J., vol. 49, no. 1, pp. 
115–116, 1986. 

 

 

[117] G. Peng, S. W. Wilhelm, S. Lin, and X. Wang, “Response of Microcystis 
aeruginosa FACHB-905 to different nutrient ratios and changes in 
phosphorus chemistry,” J. Oceanol. Limnol., vol. 36, no. 4, pp. 1040–1052, 
2018. 

[118] T. Zakar, H. Laczko-Dobos, T. N. Toth, and Z. Gombos, “Carotenoids Assist in 
Cyanobacterial Photosystem II Assembly and Function,” Front. Plant Sci., vol. 
7, 2016. 

[119] P. V McCormick, M. B. O’Dell, R. B. Shuford, J. G. Backus, and W. C. Kennedy, 
“Periphyton responses to experimental phosphorus enrichment in a 
subtropical wetland,” Aquat. Bot., vol. 71, no. 2, pp. 119–139, 2001. 

[120] P. J. Mulholland, E. R. Marzolf, S. P. Hendricks, R. V. Wilkerson, and A. K. 
Baybayan, “Longitudinal Patterns of Nutrient Cycling and Periphyton 
Characteristics in Streams: A Test of Upstream-Downstream Linkage,” J. 
North Am. Benthol. Soc., vol. 14, no. 3, pp. 357–370, 1995. 

[121] K. Bhatt, S. K. Banerjee, and P. K. Chakraborti, “Evidence that phosphate 
specific transporter is amplified in a fluoroquinolone resistant 
Mycobacterium smegmatis,” Eur. J. Biochem., vol. 267, no. 13, pp. 4028–
4032, 2000. 

[122] N. K. Lee, H.-M. Oh, H.-S. Kim, and C.-Y. Ahn, “Higher production of C-
phycocyanin by nitrogen-free (diazotrophic) cultivation of Nostoc sp. NK and 
simplified extraction by dark-cold shock,” Bioresour. Technol., vol. 227, pp. 
164–170, 2017. 



 

129 

 

[123] A. Hemlata and T. Fatma, “Screening of Cyanobacteria for Phycobiliproteins 
and Effect of Different Environmental Stress on Its Yield,” Bull. Environ. 
Contam. Toxicol., vol. 83, no. 4, pp. 509–515, 2009. 

[124] B. Schneider, S. Kaitala, M. Raateoja, and B. Sadkowiak, “A nitrogen fixation 
estimate for the Baltic Sea based on continuous pCO2 measurements on a 
cargo ship and total nitrogen data,” Cont. Shelf Res., vol. 29, no. 11–12, pp. 
1535–1540, 2009. 

[125] P. D. Braun, H. N. Schulz-Vogt, A. Vogts, and M. Nausch, “Differences in the 
accumulation of phosphorus between vegetative cells and heterocysts in the 
cyanobacterium Nodularia spumigena,” Sci. Rep., vol. 8, no. 1, pp. 6–11, 2018. 

[126] J. A. Del Campo, M. García-González, and M. G. Guerrero, “Outdoor cultivation 
of microalgae for carotenoid production: current state and perspectives,” 
Appl. Microbiol. Biotechnol., vol. 74, no. 6, pp. 1163–1174, 2007. 

[127] A. Ghosh, S. Khanra, G. Haldar, T. K. Bhowmick, and K. Gayen, “Diverse 
Cyanobacteria Resource from North East Region of India for Valuable 
Biomolecules: Phycobiliprotein, Carotenoid, Carbohydrate and Lipid,” Curr. 
Biochem. Eng., vol. 5, no. 1, pp. 21–33, 2019. 

 

 

 

[128] G. Jeevanantham, M. Vinoth, J. M. Hussain, P. Muruganantham, and A. K. K. 
Ahamed, “Biochemical characterization of five marine cyanobacteria species 
for their biotechnological applications,” J. Pharmacogn. Phytochem., vol. 8, 
no. 2, pp. 635–640, 2019. 

[129] P. Fields, O. F. Warangal, T. State, R. Babu, C. Reuben, and D. Rao, “Research 
Article Biochemical Analysis of Cyanobacterial Species Isolated from,” vol. 
07, no. 04, pp. 1873–1876, 2018. 

[130] A. Wilson, G. Ajlani, J.-M. Verbavatz, I. Vass, C. A. Kerfeld, and D. Kirilovsky, “A 
Soluble Carotenoid Protein Involved in Phycobilisome-Related Energy 
Dissipation in Cyanobacteria,” Plant Cell, vol. 18, no. 4, pp. 992–1007, 2006. 

[131] S. C. Singh, R. P. Sinha, and D. P. Häder, “Role of lipids and fatty acids in stress 
tolerance in cyanobacteria,” Acta Protozool., vol. 41, no. 4, pp. 297–308, 
2002. 

[132] A. Çelekli, A. Topyürek, G. Markou, and H. Bozkurt, “A Multivariate Approach 
to Evaluate Biomass Production, Biochemical Composition and Stress 
Compounds of Spirulina platensis Cultivated in Wastewater,” Appl. Biochem. 
Biotechnol., vol. 180, no. 4, pp. 728–739, 2016. 

[133] P. Albersheim, A.Darvill, C. Augur, J. J. Cheong, S. Eberhardy, M. G. Hahn, V. 
Maefa, D. Mohnen and M. A. Neill, “Oligosaccharins: oligosaccharide 
regulatory molecules,” Acc. Chem. Res., vol. 25, no. 2, pp. 77–83, 1992. 

[134] J. Courtois, “Oligosaccharides from land plants and algae: production and 



 

130 

 

applications in therapeutics and biotechnology,” Curr. Opin. Microbiol., vol. 
12, no. 3, pp. 261–273, 2009. 

[135] R. R. Sonani, “Recent advances in production, purification and applications of 
phycobiliproteins,” World J. Biol. Chem., vol. 7, no. 1, p. 100, 2016. 

[136] G. Torzillo, A. Sacchi, and R. Materassi, “Temperature as an important factor 
affecting productivity and night biomass loss in Spirulina platensis grown 
outdoors in tubular photobioreactors,” Bioresour. Technol., vol. 38, no. 2–3, 
pp. 95–100, 1991. 

[137] Z. Amini Khoeyi, J. Seyfabadi, and Z. Ramezanpour, “Effect of light intensity 
and photoperiod on biomass and fatty acid composition of the microalgae, 
Chlorella vulgaris,” Aquac. Int., vol. 20, no. 1, pp. 41–49, 2012. 

[138] M. I. Khazi, Z. Demirel, and M. C. Dalay, “Evaluation of growth and 
phycobiliprotein composition of cyanobacteria isolates cultivated in 
different nitrogen sources,” J. Appl. Phycol., vol. 30, no. 3, pp. 1513–1523, 
2018. 

[139] H. Zahradníčková, B. Maršálek, and M. Polišenská, “High-performance thin-
layer chromatographic and high-performance liquid chromatographic 
determination of abscisic acid produced by cyanobacteria,” J. Chromatogr. A, 
vol. 555, no. 1–2, pp. 239–245, 1991. 

[140] E. Bellini, M. Ciocci, S. Savio, S. Antonaroli, D. Seliktar, S. Melino, and R. 
Congestri, “Trichormus variabilis (Cyanobacteria) Biomass: From the 
Nutraceutical Products to Novel EPS-Cell/Protein Carrier Systems,” Mar. 
Drugs, vol. 16, no. 9, p. 298, 2018. 

[141] Y. Kusama, S. Lnoue, H. Jimbo, S. Takaichi, K. Sonoike, Y. Hihara, and Y. 
Nishiyama, “Zeaxanthin and Echinenone Protect the Repair of Photosystem 
II from Inhibition by Singlet Oxygen in Synechocystis sp. PCC 6803,” Plant 
Cell Physiol., vol. 56, no. 5, pp. 906–916, 2015. 

[142] C. Liang, F. Zhao, W. Wei, Z. Wen, and S. Qin, “Carotenoid biosynthesis in 
cyanobacteria: structural and evolutionary scenarios based on comparative 
genomics.,” Int. J. Biol. Sci., vol. 2, no. 4, pp. 197–207, 2006. 

[143] S. Takaichi and M. Mochimaru, “Carotenoids and carotenogenesis in 
cyanobacteria: unique ketocarotenoids and carotenoid glycosides,” Cell. Mol. 
Life Sci., vol. 64, no. 19–20, pp. 2607–2619, 2007. 

[144] T. N. Tóth, V. Chukutsina, L. Domonkos, J. Knoppova, J. Komenda, M. Kis, Z. 
Lenart,  and H. V. Amerongen,  “Carotenoids are essential for the assembly of 
cyanobacterial photosynthetic complexes,” Biochim. Biophys. Acta- 
Bioenerg., vol. 1847, no. 10, pp. 1153–1165, 2015. 

[145] S. Vajravel, L. Kovacs, L. Domonkos, M. Kis, A. U. Rehman, I. Vass, Z. Gombos,  
and T. N. Toth, “β-Carotene influences the phycobilisome antenna of 
cyanobacterium Synechocystis sp. PCC 6803,” Photosynth. Res., vol. 130, no. 
1–3, pp. 403–415, 2016. 

[146] W. I. Gruszecki and K. Strzałka, “Carotenoids as modulators of lipid 



 

131 

 

membrane physical properties,” Biochim. Biophys. Acta - Mol. Basis Dis., vol. 
1740, no. 2, pp. 108–115, 2005. 

[147] C. A. Kerfeld, M. R. Sawaya, V. Brahmandam, M. Kis, A. U. Rehman, D. Cascio, 
K. K. Ho,  and T. O. Yeates, “The Crystal Structure of Cyanobacterial Water-
Soluble Carotenoid Bining protine,” Structure., vol. 11, no. 1, pp. 55–65, 
2003. 

[148] H. Liu, H. Zhang, J. D. King, M. Kis, N. R. Wolf, M. Prado, M. L. Gross,  and R. E. 
Bankenship, “Mass spectrometry footprinting reveals the structural 
rearrangements of cyanobacterial orange carotenoid protein upon light 
activation,” Biochim. Biophys. Acta - Bioenerg., vol. 1837, no. 12, pp. 1955–
1963, 2014. 

[149] J. M. Sámano,  A. T. Oca, O. L. Bocardo, P. T. Durán, and M. J. Oropeza, 
“Spirulina maxima Decreases Endothelial Damage and Oxidative Stress 
Indicators in Patients with Systemic Arterial Hypertension: Results from 
Exploratory Controlled Clinical Trial,” Mar. Drugs, vol. 16, no. 12, p. 496, 
2018. 

[150] P. C. Dartsch, “Antioxidant potential of selectedSpirulina platensis 
preparations,” Phyther. Res., vol. 22, no. 5, pp. 627–633, 2008. 

[151] S. K. Min, C. R. Kim, S. M. Jung, and H. S. Shin, “Astrocyte behavior and GFAP 
expression on Spirulina extract-incorporated PCL nanofiber,” J. Biomed. 
Mater. Res. Part A, vol. 101, no. 12, pp. 3467–3473, 2013. 

[152] S. Modiri, H. S. Zahiri, and K. A. Noghabi, “Evaluation of Bacterial Lipid 
Production: Quantitative and Qualitative Measurements: Tips and 
Guidelines,” 2019, pp. 395–403. 

 

[153] P. Sarmah and J. Rout, “Efficient biodegradation of low-density polyethylene 
by cyanobacteria isolated from submerged polyethylene surface in domestic 
sewage water,” Environ. Sci. Pollut. Res., vol. 25, no. 33, pp. 33508–33520, 
2018. 

[154] M. Edelmann, S. Aalto, B. Chamlagain, S. Kariluoto, and V. Piironen, 
“Riboflavin, niacin, folate and vitamin B12 in commercial microalgae 
powders,” J. Food Compos. Anal., vol. 82, p. 103226, 2019. 

 

 

 

 

 

 

 

 



 

132 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publications from the thesis 

 
Contact Information:                                                                    Mf_mf_mf8@yahoo.com  

                                                                                       mohammed.8.haddad@gmail.com 

Scientific Publications 

1. M. F. Hadad, “No TitleBiochemical Analysis of Urolithiasis in Nenavah 
Governorate,” Tikrit J. Pure Sci., vol. 14, no. 2, pp. 15–119, 2009. 

2. M. F. Haddad, S. M. Dawood, “No Title Determination of Sodium & Potassium for 
Patients Thalassemia by Using Different Techniq,” Biol. Sci., Res. Zool., 2009 

3. H. A. Al-Wahab, A. A. Ibrahim, M. F. Hadad, “No Title Determinationof Bilirubin in 
Serum &Urine by Spectrophotometric Method, Compare it With Poloarographic 
Method,” Biol. Sci., Res. Zool., 2009. 

mailto:Mf_mf_mf8@yahoo.com
mailto:mohammed.8.haddad@gmail.com


 

133 

 

4. B. A .Abdulla, E. A. Al-layla, M. F. Haddad, “No Title Serum Screening About 
Cytomegalovirus (CMV) Infection in High Risk Women in Mosul,” Biol. Sci., Res. 
Zool., 2009. 

5. H. A. Al-Wahab, and M. F. Hadad, “No Title 5. Determination of Some Biochemical 
Variables in Human Blood Serum Using Some Electrochemical methods & it s 
Comparison with Spectrophotometric Methods,” Biol. Sci., Res. Zool., 2003. 

6. N. S. Mohamed, M. F. H. Haddad, H. K. Al-Rubai, “No Title Detection of Norovirus 
and Rotavirus in Children under Five Years During Winter 2012-2013 in Mosul 
Province,” Al-Nahrain Journal of Science., vol. 19, no. 3, pp. 101–107, 2016. 

 

Papers 

1. M. F. Haddad, T. Dayioglu, B. Nalbantoğlu, and T. Cakmak, “Long term diazotrophic 
cultivation induces phycobiliprotein production in Anabaena variabilis IMU8,” 
Biocell., vol. 43 no. 2017, pp. 327–333, 2019. 

2. M. F. Haddad, T. Dayioglu, M. Yaman, B. Nalbantoglu, and T. Cakmak, “Long-term 
diazotrophic cultivation of Trichormus sp. IMU26 : evaluation of physiological 
changes related to elevated phycobiliprotein content,” J. Appl. Phycol., pp 1–8, 
2020. 

 

Conference Oral Presentations 

1. M. Fadhil Haddad*, T. Dayioglu, B. Nalbantoglu, and T. Cakmak, (2019). “Screening 
Indigenous Cyanobacteria for Phycobilprotein Production”, II. International Green 
Biotechnology Congress 2019 (09-11 September in Istanbul). 

2. T. Dayioglu.*, Z. Elibol Cakmak, M. Haddad, T. Cakmak, "Polyhydroxybutyrate 
Production Potential of Some Indigenous Cyanobacteria", IPSAT (II. International 
Plant Science and Technology Congress), 07-10.10.2018, Bodrum, TURKEY. 

3. Z. Elibol Cakmak*, T. Dayioglu., M. Haddad, T. Cakmak, "Diazotrophic 
Cyanobacteria Isolated from Paddy Fields in Edirne Province", IPSAT (II. 
International Plant Science and Technology Congress), 07-10.10.2018, Bodrum, 
TURKEY. 

4. M. Haddad*, Z. Elibol Cakmak, T. Dayioglu, T. Cakmak, " Phycobiliproteins 
Producing Cyanobacteria Isolated from Paddy Fields in Edirne Province ", IPSAT 
(II. International Plant Science and Technology Congress), 07-10.10.2018, Bodrum, 
TURKEY. 

 

Projects 

Republic of Turkey Ministry of Agriculture and Forestry General Directorate of 
Agricultural Research and Policies (TAGEM) Grant No: TAGEM/16/AR-GE/44. 



 

134 

 

 

 


