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Polyhydroxybutyrate from Diazotrophic
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Turkey
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Plastic has an essential importance in our lives. However, the disposal of these
non-biodegradable plastics poses a threat to our environment. In addition to their
chemical and physical properties, biocompatible and biodegradable
polyhydroxyalkanoates (PHA) have the potential to be alternative to petroleum-
based plastics. Polyhydroxybutyrate (PHB), which is the most common derivative
of PHA, is generated as an alternative petrochemical plastics due to their
biodegradable qualifications. In this thesis, twelve Cyanobacteria species from the
paddy fields of Edirne were isolated, and with twelve Cyanobacteria species from
the IMU culture library, which were also collected from Turkey’s inland waters
have been identified on morphologic and genomic base. Studied diazotrophic
Cyanobacteria have been investigated for their PHB contents, which is
biodegradable, renewable, biologically suitable, non-toxic, and environmentally

friendly bioplastics. The best culture medium selection has been performed, and
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Calothrix sp. IMU10, Nostoc sp. IMU11, and Anabaena sp. IMU18 have been
selected as the best diazotrophic PHB producer Cyanobacteria. Also, PHB analysis
methods and the maximization of extraction technics have been investigated.
Furthermore, valuable Cyanobacterial by-products such as fatty acid methyl ester
and tri acyl glycerol, saccharide, chlorophyll-a, carotenoid, riboflavin, protein, and

phycobiliprotein have been measured.

Keywords: PHB, Cyanobacteria, genomic identification, nitrogen deprivation
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OZET

Tiirkiye’nin I¢c Sularindan izole Edilen Diazotrofik
Siyanobakterilerden Polihidroksibutirat Uretimi ve

Maksimizasyonu

Tugba DAYIOGLU

Kimya Boliimii

Doktora Tezi

Danisman: Prof. Dr. Barbaros NALBANTOGLU

Es-Danigsman: Do¢. Dr. Turgay CAKMAK

Plastik hayatimizda oldukca biiyiik bir 6neme sahiptir. Bununla birlikte, biyolojik
olarak bozunmayan bu plastiklerin kirliligi cevremize tehdit olusturmaktadair.
Kimyasal ve fiziksel 6zelliklerine ek olarak, biyolojik olarak uyumlu ve biyolojik
olarak parcalanabilir polihidroksialkanoatlar (PHA), petrol bazli plastiklere
alternatif olma potansiyeline sahiptir. PHAmin en yaygin tiirevi olan
polihidroksibutirat (PHB), biyolojik olarak parcalanabilir nitelikleri nedeniyle
petrokimyasal plastiklere bir alternatif olarak iiretilmistir. Bu tezde, Edirne’nin
celtik tarlalarindan on iki siyanobakteri tiirii saflastirilmis ve yine Tiirkiye ic
sularindan toplanan IMU kiiltiir kiitiiphanesinden on iki siyanobakteri tiiri ile
morfolojik ve genomik diizeyde tanimlanmistir. Calisilan diazotrofik
Siyanobakteriler biyocoziiniir, yenilenebilir, biyolojik olarak uygun, toksik

olmayan ve cevre dostu biyoplastikler olan PHB icerikleri yoniinden

XXVIII



arastirilmislardir. En iyi besi-yeri belirlenmis ve Calothrix sp. IMU10, Nostoc sp.
IMU11 ve Anabaena sp. IMU18 en iyi diazotropik PHB iiretici Siyanobakteri olarak
secilmistir. Ayrica, PHB analiz metotlar1 ve ekstraksiyon tekniklerinin
maksimizasyonu arastirilmistir. Bunlarin yaninda, yag asidi metil ester ve tri acil
gliserol, sakkarit, klorofil-a, karotenoid, riboflavin, protein ve fikobiliprotein gibi

degerli Siyanobakteriyel yan iiriinler 6lciilmiistiir.

Anahtar Kelimeler: PHB, Siyanobakteri, genomik tanimlama, azot yoksunlugu

YILDIZ TEKNIK UNIVERSITESI
FEN BILIMLERI ENSTITUSU
XXIX



1

Introduction

1.1 Literature Review

Plastics are petroleum-based chemicals that have used worldwide since the 1950s
[1]. The word of plastic originated from “plastikos,” which means “able to be
molded into different shapes” due to plastic polymers can be mold, extruded, cast,
spun or applied as a coating, have variable usage in industry, agriculture, and

especially in packaging [2].

Approximately 10 percent of the waste we produce is plastic, and increasing usage
of plastics and their durability create significant waste problem [1]. Only plastic
production has been computed to be 8300 million metric tons (Mt), and by 2050
approximately 12000 Mt of plastic waste is foreseen to be in environment, and
every year, between 1.15-2.41 million metric tons of plastic enter the ocean via
global riverine systems which makes rivers primarily responsible for the marine
plastic pollution [3]. Though removing some marine plastic is possible, it is time-
intensive, expensive, and inefficient, but for the microplastics (MP)(0.1 um-5
mm), it is more complicated, formidable, and expensive and now well evidenced

that this plastic negatively impacts marine life [4].
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Figure 1.1 Map of microplastic (MP) locations of Arctic snow



Plastics have been reported in environments close to urban centers, terrestrial
areas, and freshwater ecosystems, and new studies showed that plastic has also
been found in Polar Regions, including Arctic beaches, water column, sea ice, sea

surface, and the seafloor (Fig. 1.1) [5].

Figure 1.2 Litter and microplastic distribution on the World water systems

Marine plastics pollution is a widespread problem affecting many countries, and
globally the most polluting countries are China, Indonesia, the Philippines,
Vietnam, and Sri Lanka [6]. The composition of litter in the world's oceans is
mostly plastics, and plastic litter has become a severe threat to the marine

environment, aquatic life, and humankind (Fig 1.2, 1.3) [7].
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Figure 1.3 Global marine litter composition and its effects on organisms

Recent studies have demonstrated nanosized polystyrene plastics which are also

used in products such as waterborne paints, toothpaste, and biomedical products,

to be hazardous, for instance, by reducing the filter-feeding activity of mussels

(Mytilus adulis), causing mortality of copepods upon ingestion (7igriopus

Jjaponicus)[3], and interfering with algal photosynthesis

[8]. Figure 1.4

demonstrates the ecosystem impacts of marine plastic on biota, which are

negative, except for algae and bacteria [4].
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Figure 1.4 Ecosystem impacts of marine plastic on biota

A study on stomach contents of Amazon River fishes of family Serrasalmidae (Fig

1.5) showed that plastic presence and their major trophic pathways and potential

routes for plastic intake (Fig 1.6), and pointed up plastic debris can be a danger

to animals and humans who consume fish [9].

Figure 1.5 Plastic debris from the stomachs of Serrasalmid fishes from the

Amazon River

(Fragments (a-e) and filaments (f), and of the colors black (a), blue (b), red (c), white (d), and transparent (e, f)) *Scale

bar ¥4 1 mm
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Figure 1.6 Summary of the trophic network for the intake of plastic by three

guilds of serrasalmid fishes in the Amazon River

A model that is using published data on plastic ingestion by seabirds has been
adjusted and predicted that by 2050, plastic will be found in the digestive parts of
99% of all seabird species, which 95% of the individual species [10].

The World is now more sensitive about the plastic, especially on health and
environment, including harmful effects on wildlife and the qualities of cities and
forests [2]. The G7 Leaders’ statement in 2018 placed a spotlight on ocean plastics
pollution [6]. The Association of Southeast Asian Nations Conference 2017
(ASEAN) on “Reducing Marine Debris in the ASEAN Region” highlighted regional
cooperation to reduce plastics pollution at its originating sources [6]. Since its first
session (UNEA-1) in 2014, the United Nations Environment Assembly (UNEA)
attached importance of marine plastic pollution and microplastics [6], and they
made some activities such as cleaning seas, sharing concepts, knowledge,
programs, and opportunities by their Voluntary Commitment [11]. Also, the Sixth
International Marine Debris Conference agreed to collaborate with the

International Waste Platform’s members (Fig. 1.7) [11].



Members of the International Waste
Platform (Status: November, 2018)

Figure 1.7 Members of the International Waste Platform

Seeking to reduce production, use, and disposal of plastic bags, the world's largest
economies encourage charging for plastic bags, restrictive use, recycling, and even
a complete banish has been implemented [12]. With this aim the in 2016
distribution of plastic bags were banned in California (USA), Denmark and Austria
achieved 80-100% plastic recovery from wastes, in Ireland, the plastic bag tax was
launched in 2002 [12], and at 01.01.2019, Turkey Republic Environment and Urban
Ministry declared Environment Law (No: 2872) of “Principles and Procedures for
Pricing of Plastic Bags” which may cause a decrease in PAGEV’s 2019 March report
(Fig. 1.8) [13]. Moreover, the interchanging of conventional plastic polymers with
biodegradable plastics has been used as an alternative for reducing the

environmental accumulation of plastic debris [12].
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Figure 1.8 Plastic consumption of Turkey in (a) isochronal terms and (b)

increasing by years

Having considered the benefits of plastics with comparison of the problems, the
properties of PHB as a natural based compound, including thermoplastic
processability, biocompatibility, piezoelectricity, optical purity, resistance to
water, high biodegradability, make it a valuable alternative to petroleum-based
plastics and would be a good alternative for new waste management strategies

[14].

PHB is generally produced by nitrogen-fixing organisms when nutrients are
limited, such as nitrogen and phosphorus [15]. PHB accumulation via nitrogenase
in nitrogen-fixing microorganisms occurs for the protection of nitrogenase from

O, damage which summarized in Figure 1.9 [16]:
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Figure 1.9 Protection mechanism for nitrogenase against O, in A. vinelandii

The activation of S110783 gene cluster is reported as PHB producing responsible
protein in nitrogen starvation for being able to fix nitrogen for all of the
heterotrophic bacteria, which includes Proteobacteria, Actinobacteria, and
Cyanobacteria [17]. Also, adapting to nitrogen deficiency is controlled by the PII-
signaling protein and transcription factor NtcA in [17]. It is notified that nitrogen
depletion accumulates expression of sigE and overexpression enhances acetyl-CoA
and organic acids (citrate) levels, and the addition of acetate as a carbon source

accumulates PHB in Cyanobacteria [18].

PHB producing organisms are listed in the following Table 1.1:



Table 1.1 PHB producing organisms

acetate

) hod PHB -
Species Metho Amount in Ref.
dw
t‘é) A. thaliana (in the transformation 27% [19]
§ cytoplasm)
A. thaliana (in the plastid) transformation 40% [19]
A tba]za{za (in the transformation 0.6% [19]
peroxisome)
Corn (in the plastid) transformation 6% [19]
‘% Alcaligenes eutrophus +gluconate 46-85% [20]
~
S
SN Alcaligenes eutrophus +propionate 26-36% [20]
Alcaligenes eutrophus +octanoate 38-45% [20]
Bacillus megaterium transformation 0
QMB1551 +glucose 20% [21]
Klebsiella aerogenes transformation+ 65% [22]
molasses
Methylobacterium o
rhodesianum MB1267 +fructose, methanol 30% [23]
Methylobacterium 0
extorquens ATCC 55366 +methanol 40-46% [24]
Pseudomonas oleovorans +gluconate 1.1-5% [20]
Pseudomonas oleovorans +octanoate 50-60% [20]
Pseudomonas putida 0
GPp104 +octanoate 12-22% [20]
Sphaerotilus natans mutation+glucose 40% [25]
'% Anabaena cylindrical 10 C | acetate+propionate 2% [26]
~
S
S phosphate-limitation
8 Aulosira fertilissima + acetate, citrate, 77% [14]
% KH,PO,
Chloroglea fritschii +acetate 10% [27]
phosphate-limitation
Nostoc muscorum + 1% glucose, 1% 16.4% [14]




Nostoc muscorum dark+2%acetate 35% [28]

phosphate-limitation
Nostoc muscorum dark+ 46% [29]
glucose,acetate

+11% acetate,
Nostoc muscorum 0.08% propionate, 31.4% [30]

pH 8.1
phosphate-limitation
+aeration,CO,

Nostoc muscorum 21.5% [31]

phosphate-limitation
7.5 pH, 30°C, 10:14

Nostoc muscorum NCCU- | 4 yiop Cqark periods | 26.37% | [32]

442 +0.4% glucose,
1 g/L NaCl
Oscillatoria limosa +acetate 6% [33]
Spirulina maxima +acetate 3.1% [34]
Spirulina platensis phosphate-limitation 3.5% [14]
Spirulina platensis +acetate 2.9% [35]

nitrogen-limitation

0
+ 5% NaCl 7-45% [14]

Spirulina subsalsa

nitrogen-limitation

)
+ 1% sucrose 17.15% [14]

Synechococcus elongates

Synechococcus sp. MA19 nitrogen-limitation 27% [36]

Synechococcus sp. MA19 | phosphate-limitation 55% [371]

nitrogen,phosphate-

0,
limitation 16.4% [38]

Synechocystis sp. PCC6714

phosphate-limitation

0,
+ fructose, acetate 38% [14]

Synechocystis sp. PCC6803

phosphate-limitation

Synechocystis sp. PCC6803 + glucose,acetate

29% [39]

Photoautotrophic PHB accumulation by Cyanobacteria is considerably less
expensive when compared to bacteria due to these organisms require water,

minerals, CO,, and light with no needed to carbon source [40]. But usage of plants

10



is a kind of a waste of agricultural crops which were required for the food industry,

contrary to Cyanobacteria where can grow even at the deserts in bioreactors.

1.2 Objective of the Thesis

Plastics are essential for our life, but their pollution also has significant
importance. Bioplastics lead an essential solution for the plastic problem. Starting
from this point of view, we have planned to produce renewable, biologically
suitable, biodegradable, non-toxic, and environmentally friendly bioplastics by
isolation of Cyanobacteria species from Turkey’s inland waters. With this aim
Cyanobacteria species isolated from paddy rice fields and enriched with
Cyanobacterial species from IMU Culture Library. Studies based on selecting the
best bioplastic raw material (PHB) producing species and also the best extraction
and analysis methods. In addition, species were investigated for their valuable by-
products such as tri acyl glycerol (biodiesel raw material), carbohydrate,

carotenoid, phycobiliprotein, protein, and vitamin.

1.3 Hypothesis

Exploring and applications of Cyanobacteria species for production PHB may lead
a practical solution for plastic problems, and also usage of Cyanobacteria would
be a good alternative to expenses for no needed to carbon sources and agricultural
fields. Furthermore, identified species can be used for biodiesel (tri acyl glycerol),

pharmacology, and agriculture industry.

11



2

Plastics

2.1 History

The first plastic usage has been reported in prehistoric Mesoamerica, where
Mayans used it to get rubber ball, human figurines, rubber bands to form axes,
and liquid rubber for medicines and painting by obtaining the latex from Castilla

elastica tree [41].

In 1839, vulcanized rubber, and polystyrene (PS) discovered [42]. Developments
on polymers such as polyvinyl chloride (PVC) continued through the 19th century
(Fig. 2.1) [42]. But the first truly synthetic polymer named Bakelite was developed
in 1907 [1]. Whinfield and Dickson discovered the PET in 1941, and in the 1950s,
they produced the first polyester film, and in the following 1970s they generated

the first polyester bottle resin [42].

12



m
k-

concerns for

3

concems for wildlife
accumulation in natural habitats

product/usage diversification

& polymer invention and developmen

150

| I
s :

(1) uononpord

50

2020

1940 1960 1980 2000

1920

1900

Canadian Government prohibit BPA content in baby bottles— 2008
voluntary ban on plastic bags by some UK retailers— 2008
taxes/bans on plastic bags—Ireland and South Africa—2003
plastic debris reported in deep sea—2000

UK packaging directives legislation—1990s
MARPOL restrictions on dumping of garbage from ships——1988

first concerns about uptake of chemicals from plastics by wildlife—1972
first reports of entanglement by wildlife— 1970s

plastic pellets/fragments reported in marine habitats— 1970s

plastic debris recorded n guts of seabirds— 1960

polypropylene discovered-—1954

polyethylene terephthalate discovered-—1941
polyethylene discovered-—1933
commercial production of polystyrene begins—1930

commercial production of PVC begins—1920s

Bakelite developed by Leo Baekeland-—1907
polystyrene ( 1839) and PVC (1872) already discovered

Figure 2.1 Summary illustrating historical stages in the development,
production, and use of plastics *Mt: millions, BPA, bisphenol A; PVC, polyvinyl chloride

2.2 Polymerization of Plastics

The polymerization process is made up of polymer synthesis by chemically bonded

smaller molecules, which are called repeating units [8]. Various polymerization

reactions are classified based on reaction mechanisms such as addition, ring-

opening, condensation, and other mechanisms. Plastic polymers are having

different molecular structures (Fig. 2.2) by using different starting materials and

polymerization processes and techniques [43].

13



H H

b g

T CH—CH,
H H n n

Polyethylene Polypropylene
v i
c-C FC-04,
FF/, H
Polytetrafluoroethylene Polyacetal
e f
OO0~
CH3 (o} .

Polysulfone

~O—0+0O]

Poly(ether ether ketone)

CHs ﬁ
+OE0-1
CH,

Polycarbonate

3 v I
A(»N—(CH2)6—N—C—(CH2)4—C)5

Nylon 6/6

n

Figure 2.2 Some plastic polymers

2.2.1 Addition Polymerization

Addition (chain) polymerization is the formation through an exothermic reaction
of polymers from carbon-carbon double-bonded monomers (Fig. 2.3), which
makes them are generally chemically inert [43]. Conventional plastics produced
through addition polymerizations such as polyethylene, polystyrene, polyvinyl
chloride, and polypropylene.
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styrene polystyrene

Figure 2.3 Polystyrene's addition polymerization mechanism from styrene
monomer

2.2.2 Condensation Polymerization

Condensation (step-growth) polymerization is an endothermic reaction, and
polymers are formed by a stepwise response of molecules with different functional
groups and produce water, or other small molecules such as methanol, which
makes them susceptible to hydrolytic molecular degradation at high temperatures
(Fig. 2.4) [43]. Common examples include thermoplastic polyesters, polyamides,

and polycarbonate in which form high-molecular-weight chains.

Q 2 S 9
n C-R-C| + nHN-R-NH, —> - E-R-C-N-R-N— * 2H:O
HO OH H  H,

Figure 2.4 Polyamide's condensation mechanism from a diacid and a diamine

2.2.3 Ring-Opening Polymerization (ROP)

Ring-opening polymerization utilizes cyclic monomers (Fig. 2.5) and yields high
molecular weight in a shorter time, which makes it a superior method for a specific
application such as adhesives, coatings, composites, elastomers, and fibers [8].
Common  examples are  polypropylene  oxide, polyoxymethylene,

polycaprolactone, polytetramethylene oxide, and polydimethylsiloxane.
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250°C 250°C
HN — (CHy)s— C=0 + H,0 «———> H,N— (CH,)s—COOH «———> H,N*(CH,);— COO"

i I
H,N — (CHys—COOH «——> H N — (CH,)s— C OH + n-1H,0

Figure 2.5 Hydrolytic ring-opening polymerization of caprolactam to produce
nylon 6

2.2.4 Other Polymerization Mechanisms

Plasma and chain transfer polymerization are some of the other polymerization
mechanisms. In chain transfer, the growing chain’s active center is transferred to
another molecule, and in plasma polymerization, the polymer, which is highly
branched and cross-linked to surfaces, is produced by using the partially ionized

gas (plasma) [8].

2.3 Molecular Structure

The chain structures of polymers could be as linear (polyethylene, PVC,
polystyrene, and polyamides), branched (low-density polyethylene (LDPE)), and

cross-linked polymer (epoxies, rubber) as can be seen in Figure 2.6 [8].

Linear polymer Branched polymer Crosslinked polymer

Figure 2.6 Schematic representation of linear, branched, and crosslinked

polymers

The individual chains are not bonded covalently, alternatively on intermolecular
forces, such as Van der Waals forces, hydrogen bonding, and dipole-dipole

interactions, to keep the strings from disentangling [43].
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2.3.1 Organization of Molecular Structure

The plastics can be a semicrystalline or amorphous form (Fig. 2.7).

Semicrystalline Amorphous

J@
2=

Figure 2.7 Structural representation of semicrystalline and amorphous
polymers

X

Amorphous molecules are arranged randomly, whereas crystalline molecules are
arranged in close order, and between these molecules, semicrystalline materials

have crystalline regions (crystallites), in an amorphous matrix (Fig. 2.8) [44].

Figure 2.8 Schematic diagram of the semicrystalline morphology, showing
amorphous regions and crystallites [44]
Semicrystalline polymers, including polyacetal, polyethylene, and nylon, are
opaque or translucent and has distinct melting point, higher tensile strength and
modulus, better organo-chemical resistance, higher density and mold shrinkage,
better creep and fatigue resistance while, amorphous polymers such as
polycarbonate, polystyrene, and polyphenylsulfone, are transparent and has lower
organo-chemical resistance and density, softened over a wider range of

temperature, higher flexibility and better toughness [43].
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Semicrystalline polymers undergo a distinct melting transition and have a melting
point (Tm) instead of amorphous polymers. Because when a sufficient
temperature is reached in semicrystalline polymers, the crystallinity results in
melting, but when amorphous polymers are heated above their glass transition

temperature (Tg), they do not truly melt but only soften (Fig. 2.9) [43].

1 0.1
_______ Polyethylene
————=—=Poly(methyl methacrylate)
° -
0.0
3 -1 g
s E
3 0.1 3
2 ™S
3 ®
2 2] z
Amorphous
--0.2
-3
i . i ' -0.3
0 50 100 150 50
Exo Up Temperature (°C) Universal V4 TA TA Instruments

Figure 2.9 DSC thermogram of melting endotherm for a semicrystalline
polymer and a glass transition for an amorphous material

2.3.2 Thermoplastic and Thermosetting

Plastics can also be classified into thermoplastics and thermosets by their

thermostatic and molecular structures (Table 2.1) [44].

Thermoplastics may have low or extremely high molecular weight and can be
molded repeatedly due to their structure may be amorphous or semicrystalline,

while thermosets are amorphous cannot be reheated or remolded [44].

Table 2.1 Properties and applications of commercially important plastics

Polymer Family and Type Typical Products and Applications

Thermoplastics

Carbon-chain

High-density polyethylene

(HDPE) milk bottles, cable, and wire insulation, toys
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Low-density polyethylene
(LDPE)

packaging film, agricultural mulch, grocery
bags

Polypropylene (PP)

bottles, toys, food containers

Polystyrene (PS)

foamed food containers, eating utensils

Acrylonitrile butadiene
styrene (ABS)

appliance housings, pipe fittings, helmets

Polyvinyl chloride (PVC)
(unplasticized)

pipe, window frames, conduit, home siding

Polymethyl methacrylate
(PMMA)

impact-resistant windows, canopies, skylights

Polytetrafluoroethylene
(PTFE)

nonstick cookware, self-lubricated bearings

Heterochain

Polyethylene terephthalate
(PET)

recording tape, transparent bottles

Polycarbonate (PC)

compact discs, sporting goods, safety glasses

Polyacetal

bearings, showerheads, gears, zippers

Polyetheretherketone (PEEK)

machine, aerospace, and automotive parts

Polyphenylene sulfide (PPS)

machine parts, electrical equipment,
appliances

Cellulose diacetate

photographic film

Polycaprolactam (nylon 6)

bearings, gears, pulleys

Thermosets

Heterochain

Polyester (unsaturated)

automobile panels, boat hulls

Epoxies

laminated circuit boards, aircraft parts,
flooring

Phenol formaldehyde

electrical connectors, appliance handles

Urea, and melamine
formaldehyde

Dinnerware, countertops
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rigid and flexible foams for upholstery,

Polyurethane ) )
yu insulation

\"“Rearranged from Encyclopedia Britannica

2.3.3 Additives of Plastics

Plastics are generally combined with additives such as plasticizers, colorants,
reinforcements, and stabilizers to maximize performance [42]. Plasticizers are
used to change the odor, biodegradability, flammability, and cost of the product
and especially the Tg of the plastic [44]. Various inorganic oxides are used as
colorants to give colors to the plastics, while reinforcements (silica, talc, carbon
black, mica, etc.) are used to enhance the mechanical properties of plastic and
stabilizers are added to get rid of the effects of aging of plastic [44]. In these
groups, the most concerning types of additives are phthalates (PAEs), bisphenol A
(BPA), and polybrominated diphenyl ethers (PBDE) due to their extensive
interaction on the human body, especially on babies and children by food and

drink packages and toys [1].

On the European Union (EU) framework report 2018 it has mentioned that the
both European Food Safety Authority (EFSA) European Chemicals Agency (ECHA)
and agree that there is evidence that BPA has endocrine-disrupting properties, but

also EFSA stated that BPA has no health risk for consumers of any age group [45].

Studies showed that children and infants are the most sensitive and the females
also more sensitive than the males to PAEs which tend to migrate into foods by
the time and the temperature and promote the risk of mutagenesis, teratogenesis,
and carcinogenic effect since they are not bound to the plastic matrix chemically
[46]. Moreover, the supporting study has declared that diethylhexyl phthalate

has been detected in natural mineral water packages and food samples [46].

2.4 Recycling Process

The conventional method for disposing of solid waste is embedding in the soil of
landfills, but with the awarning of the worldwide effect of plastic pollution,
recycling processes importance improving day by day. Most of the recycling efforts

on the collection have focused on separated containers and deposit systems, after
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sorting process followed by chopping and grinding, then dried the washed chips

molds or extruded directly into fibers [44].

Generally, thermoplastics can be recycled more effectively than thermosets [44].
The other limitations of recycling of plastics are differences in molecular weight,
contamination by non-plastics and additives or by different polymers in the
making up process which makes the mixed material will not be suitable for the

following operations [44].

Commonly recycled plastics such as PVC, PP, ABS, and PS have the potential for
transformation into children's toys and food containers (generally PS); also, their
different levels of halogenated flame retardant (HFR) residues may occur health

risks especially for children [47].

2.4.1 Degradation of Plastics

Photo, thermal or biological degradation of plastics (Table 2.2) have been
characterized in changes of material properties (optical, mechanical or electrical
characteristics, in crazing, erosion, cracking, discoloration, phase delamination or
separation) by chemical transformation, the formation of functional groups, and

bond scission [6].
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Table 2.2 Polymer degradation routes

Factors Photo- Thermo- Biodegradation
(requirement/ | degradation oxidative
activity) degradation
UV-light or
Active agent high-energy Heat and oxygen | Microbial agents
radiation
Higher than the
Requi tof . bient .
cquirement o Not required ambien Not required
heat temperature
required
Initiation is
Rate of degradation slow. ]%ut . Fast Moderate
propagation is
fast
Environment-
Other consideration friendly if high- Environmentally Envil.‘onment-
energy radiation | not acceptable friendly
is not used
Overall acceptance Acceptable but Not acceptable Cheap and very
costly much acceptable

Producing environmentally friendly bioplastics from the start would have

overcome collecting, health, and limited substrate problems, both without

spending money on the recycling process.
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3

Biodegradable Plastics and Bioplastics

3.1 Biodegradable Plastics

Biodegradable plastics are degradable plastics produced by petroleum-based

polymerization and not able to show all the properties of plastic [40].

3.1.1 Starch-based Biodegradable Plastics

Starch-linked plastics are made up of starch and plastic polymer (starch-
polyethylene), and while their starch can degrade by soil microorganisms, the
polymer fragments remain due to their non-biodegradable structure [40].

Herewith starch-based plastics are not truly acceptable for being biodegradable.

3.1.2 Polycaprolactone (PCL)

Polycaprolactone is a biodegradable, partially-crystalline synthetic polyester (Fig.
3.1) with a low melting point at 60°C, and is degraded by the action of many
microorganisms such as Penicillium sp. strain 26-1, Aspergillus sp. strain ST-01

[48].

n

Figure 3.1 Molecular structure of polycaprolactone

PCL can be degraded by lipase and esterase enzymes, and the degradation rate is
dependent on the degree of crystallinity and molecular weight [48]. The chemical
structure of a PCL and two cutin monomers are similar, which may lead to cutinase

activity act as a PCL depolymerase [49].
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3.1.3 Polyethylene Succinate (PES)

Polyethylene succinate (Fig. 3.2) is an aliphatic synthetic polyester that is
synthesized from dicarboxylic acids and glycols with high melting points, can be

biodegraded by Amycolatopsis sp. HT-6 [48].

o)
- O —

Figure 3.2 Molecular structure of polyethylene succinate

n

3.1.4 Polyvinyl Alcohol (PVA)

Polyvinyl alcohol (PVA) (Fig. 3.4) is a water-soluble thermoplastic vinyl polymer
which can be mineralized by microorganisms of genus Pseudomonas [49]. In a
symbiotic relationship, Pseudomonas putida VM15A releases the growth factor
pyrroloquinoline quinone (PQQ), which enables the growth of Pseudomonas sp.

VM15C on PVA (Fig. 3.3) [49].

Metabolites

C source
PQQ

bl |

PQQH,

—CHg-CH-CHy-CH— —CHyC—CHzC— == —CHxCOOH + CH3-C—

| I Il Il |
OH OH 0 o M0 0

Current Opinion in Biotechnolog

Figure 3.3 PVA utilization by symbiotic bacteria
*1:PQQ-dependent PVA dehydrogenase; 2:oxidized PVA hydrolase

PVA degradation starts with dehydrogenase or oxidase reaction, then it’s followed

by hydrolase or aldolase reaction as can investigated in Figure 3.4 [49]:
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Figure 3.4 PVA degradation pathway by various enzyme systems
*1:PQQ-dependent PVA dehydrogenase; 2:oxidized PVA hydrolase; 3:PVA-degrading dehydrogenase/aldolase enzyme;
4:secondary alcohol oxidase; 5:3-diketone hydrolase; 6:PVA-degrading oxidase/hydrolase enzyme

3.1.5 Biodegradation by Plastic Eating Organisms

Plastic eating organisms are becoming popular with their ability to biodegrading
some plastic types, especially on polyethylene tereftalat (PET). The catalytic
abilities of cutinases from Pseudomonas mendocina, Humilica insolens, Fusarium
solani [50], and the larvae of the wax moth Galleria mellonella [51] on PET have
been reported. Also, the ability of /deonella sakaiensis 201-F6 on PET, which uses
its energy and carbon source with less enzyme diffusion, is promising [52]. PET
metabolism (Fig. 3.5) starts with the extracellular PETase activity to form mono-
(2-hydroxyethyl)terephthalic acid (MHET) and terephthalic acid (TPA), besides
MHETase hydrolyzes TPA and ethylene glycol (EG) from MHET [52]. TPA is
integrated through the TPA transporter (TPATP) and biodegraded by TPA 1,2-
dioxygenase  (TPADO), 1,2-dihydroxy-3,5-cyclohexadiene-1,4-dicarboxylate
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dehydrogenase (DCDDH), and PCA 3,4-dioxygenase (Pca34) to form
protocatechuic acid (PCA) [52].

(PET) —fcm—cm—o c—{<::>%—

PETase

HO—CH:—CH:z:—0— GOG OH (MHET)

MHETase
2 C i
(TPA} HO-C C—0OH

o, 1’.‘5' TPATP
NADPH + H*
TPADO
NADP*
COOH COOH COOH
Pca34
DCDDH U
it H ;' HOOC
c:::z HOOC
HOOC OH NADP+ NADPH + H*
+ (PCA)

Figure 3.5 PET metabolism by /deonella sakaiensis

Degradation of plastics is a better alternative to overcome the recycling process of
plastics even if not recent studies showed that some biodegradable plastics had
not been properly analyzed to clarify their degradation rates in the real marine

environment [12].

3.2 Bioplastics

Bioplastics are synthesized from renewable resources or biomass, and they have

the ability to recycle into useful metabolites by microorganisms and enzymes [40].
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3.2.1 Bioplastics from Renewable Resources

Bioplastics that are produced from renewable resources are utilized chemically,
and they are not entirely biodegradable [48]. This point of view, this group may
not be seen as real bioplastic and can be addressed as “semi-bioplastics” due to
not synthesized by living organisms and also being an evolutionary step between

biodegradable plastics and bio-based plastics.

3.2.1.1 Nylon, Polyethylene (PE), and Acetyl Cellulose (AcC)

Nylon-6 can be degraded to soluble oligomers by the enzyme systems, and
polyethylene (PE) is degraded under nitrogen or carbon limited conditions by
lignin-degrading fungi [49]. Even though Nylon 11 and PE can be synthetized
from renewable resources, they are not totally biodegradable, while acetyl
cellulose (AcC) can be biodegradable or non-biodegradable, depending on the

acetylation degree [48].

3.2.1.2 Polylactic Acid (PLA)

PLA is a thermoplastic that can be synthesized by ring-opening polymerization of
lactide or by condensation polymerization of lactic acid [48]. PLA exists in the
three stereoisomer forms: PLLA and PDLA, and between both, a stereo complex

can be formed. (Fig. 3.6) [53].

o 0
" */ O\/Hj\ H . |
$O ‘ : i OH \POW OH
; 0
) (b)

|
O
(a

Figure 3.6 Chemical structure of (a) PLLA and (b) PDLA

Degradation of PLA in the environment takes a long time due to only a few PLA
degrading microorganisms that have been isolated and identified, such as genus
Amycolatopsis and Saccharotrix and also PLA-degrading microorganisms are not

widely distributed [48]. Besides, the enzymes cannot reach inside, while
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enzymatic degradation proceeds only on the polymers’ surface, which made PLA

need for the industrial composting process [53].

PLA’s high modulus of elasticity, high transparency, high strength, and easy
processing make it a suitable polymer for processing, on the other hand, its slow
crystallization rate, low heat distortion temperature, and high brittleness can

make it not affordable [53].

3.2.1.3 Polybutylene Succinate

Polybutylene succinate (PBS) can be synthesized from dicarboxylic acids and
glycols as PES [48] but also can be synthesized from renewable resources, which

are bio-based succinic acid and 1,4-butanediol [53] (Fig. 3.7).

(] (0]
HO\H/\J\DH HO/\/\/OH HOY\)LD/\/\/Oi\nH
[B)
(©)

O
(@) (b)

Figure 3.7 Chemical structure of (a) succinate acid, (b) 1,4-butanediol, and (c)
polybutylene succinate (PBS)

PBS can be biodegraded by Amycolatopsis sp. HT-6 [48]. PBS also has desirable
properties such as high flexibility and thermal stability in spite of its stiffness and

melt viscosity [53].

3.2.2 Bio-based Bioplastics: Polyhydroxyalkanoates (PHAS)

Bio-based bioplastics, which are the family of polyhydroxyalkanoates (PHASs), are
entirely utilized by organisms and 100% biodegradable polymers without forming

any toxic byproducts [48].

3.2.2.1 Molecular Structure of PHAs

PHAs constitute a family of polyesters with carbon length ranging from C; to Cy4
of different hydroxyl alkanoic acids (HAs), which based on a functional group (R)
and consisting number of -CH, in the molecular structure, PHAs can be varied as

defined in the following Figure 3.8 [40].
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Figure 3.8 Structure of polyhydroxyalkanoates

Among the 150 types of PHA monomers, poly (3-B-hydroxybutyrate) (PHB),
which is also known as ketone body in mammal fat metabolism (Fig. 3.9), is the

best-known characterized (Table 3.1) PHA [40].
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Figure 3.9 3-f-hydroxybutyrate pathway in ketogenesis [54]
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Table 3.1 Polymer degradation routes

Tm (°C) Tg (°C) Tensile strength Tensile modulus Absorption
(MPa) (MPa) rate
P(4HB) 60 -51 50 70 8-52weeks
P(3HB) 180 1 36 2500 2 years

3.2.2.2 Synthesis Mechanism

PHB is synthesized in microorganisms by the action of f-ketoacyl-CoA thiolase
(phbA), acetoacetyl-CoA reductase (phbB), and PHB polymerase (phbC) in three-
steps, as shown in Figure 3.10 [20].

o [Tl phbC  phbA phbB e
Promoter
A ‘ Wy A
B-ketothiolase Acetoacetyl CoA Reductase PHB Polymerase
Acetyl CoA —» Acetoacetyl ——pp Poly 3-OH butyryl Poly 3-OH butyrate
CoA CoA
CH3-CO-SCoA NADPH CoA
SH-CoA NADP*

Figure 3.10 Biosynthetic pathway of PHB

The imbalance of the C/N ratio and NADPH/ATP ratio have an effect on PHB
accumulation in both chemolithotrophic bacteria and Cyanobacteria [55]. In
Synechococcus sp. strain MA19, it was understood for the first time that under
nitrogen-limited cultivation, which causes an imbalance in the C/N ratio, results
in the production of PHB due to posttranslational control of acetyl phosphate on
PHB synthase regulation (Fig. 3.11) [55]. In this model (Fig. 3.11), under the
limitation of nitrogen, phosphotransacetylase promotes acetyl phosphate for

indicating acetyl-CoA flux, which activates PHB synthase for PHB synthesis [55].
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Figure 3.11 Model for the system of PHB synthesis control
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3.2.2.3 Degradation

The PHA depolymerases are serine hydrolase enzymes which are responsible for
the degradation of PHAs in microorganism [49]. The percentage of PHB-
degrading microorganisms appraised to be 0.5-9.6% in the environment such as
in soil (Pseudomonas lemoigne, Aspergillus fumigatus, Acidovorax faecalis,
Variovorax paradoxus, and Comamonas sp.), anaerobic and activated sludge
(Pseudomonas sp., Illlyobacter delafieldi, Alcaligenes faecalis), lake water and

seawater (Pseudomonas stutzeri, Comamonas testosterone) [48].

3.2.2.4 Advantages and Usages

PHAs have a high degree of polymerization, are highly crystalline, optically active,
stereochemical regularity in repeating units, piezoelectric, and insoluble in water,
which makes them competitive with polypropylene [20]. Also, PHAs composition
can change their physical properties, with the presence of aromatic monomers,
leading to new applications in biotechnological fields, medical, and
pharmaceutical [56]. Items produced from PHAs such as meshes and fibers for

sutures show promise for medical use, pellets and microspheres for drug delivery,
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films for usage in post-surgery recovery and agricultural applications [15], are

shown in the following Figure 3.12:
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Figure 3.12 Examples of PHA matrices fabricated for medical use

PHAs are widely used for the fabrication of disposable items, such as razors,
utensils, feminine hygiene products, diapers, cosmetic containers, shampoo
bottles and cups [20], bottles, fibers, and several products of commercial and
packaging interest, especially for their biodegradability and hydrophobicity
specialties [40].

In the agriculture sector, PHAs are used to enhance nitrogen fixation in plants
with the producing microorganisms and can be used as urea fertilizer coat to be
used in rice fields or for herbicides and insecticides [57], yet Cyanobacteria are
known to strengthen nitrogen ratio in rice fields as a biofertilizer [58], which can
also produce PHB. One of the other specialized applications of P3HB and P3HV in

agriculture is the controlled release of pesticides [57].

PHAs are potentially applicable to medical research such as surgical sutures, vein
valves, and targeted drug delivery [18]. The biocompatibility property of PHB
makes them be applied in the medical field, especially for their non-toxicity via 3-
hydroxybutyric acid, which produced after the degradation of PHB, which is
normal human blood constituent [56]. Besides, PHB or P(HB-co-HV) did not affect

platelet responses when in contact with blood [15]. In response to the needs of
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tissue engineering, PHAs can be used as tissue scaffold and absorbable polymer,

in medical applications [40].

The other most notable feature of PHB except for being biocompatible in medical
applications is their slow biodegradation rate [59], which means PHA implants
and other medical devices on animals do not need the removing surgery [15] and
also release and long term dosage control of bioactive compounds such as
medicines, drugs, hormones, herbicides, and insecticides can be operated by

biodegradable PHAs carriers [20].

Owing to the piezoelectric properties in surgical sutures, bone plates, and blood
vessel replacements, PHAs are used as osteosynthetic materials for the stimulation

of bone growth [20].

Also, PHAs are useful as being stereoregular, that can operate the chemical
synthesis of optically active and enantiomerically pure compounds, as chiral

precursors [20].

3.2.2.5 PHB-producing Microorganisms

PHB most commonly found in prokaryotes, including Cyanobacteria [21].
Polyhydroxybutyrate (PHB) first discovered in Bacillus megaterium in 1927.
Cupriavidus necator (the synonyms are Ralstonia eutropha, Hydrogenomonas
eutropha, Alcaligenes eutrophus, and Wautersia eutropha) which is the paradigm
of microbial PHA biosynthesis [15] is the most frequently used and the most
studied bacterium in industrial applications due to its ability to produce PHB from

different carbon sources [56].

PHB producer microorganisms can be divided into two groups. First group
microorganisms which are bacteria and Cyanobacteria can accumulate PHB
especially in nutrient-limited stress conditions such as nitrogen and phosphorus
[56], the second group producers are acquired by mutation (change in the
nucleotide sequence of a short region of a genome) such as Azotobacter vinelandii
or recombination (results in a restructuring of part of a genome) such as

Escherichia coli [60].
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Apart from bacteria and Cyanobacteria, transgenic plants have been started to
produce PHB. First, PHB production in plants was reported in Arabidopsis thaliana
(model plant) by a transformation from Agrobacterium tumefaciens then followed
by Cupriavidus necator and then studies were carried on transgenic plant Brassica

napus (canola) [40].

Photoautotrophic PHAs accumulation by Cyanobacteria and transgenic is
considerably less expensive when compared to bacteria due to these organisms
require water, minerals, CO,, and light with no needed to carbon source [40]. But
usage of plants is a kind of a waste of agricultural crops which were required for
the food industry, contrary to Cyanobacteria where can grow even at the deserts

in bioreactors.
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4

Cyanobacteria

4.1 Cyanobacteria and Taxonomy

Cyanobacteria are photosynthetic prokaryotes that are widespread in wetlands,
rivers, lakes, springs, ponds, and streams, and they have a noteworthy role in the
oxygen, nitrogen, and carbon kinetics of environments [61]. Also, rice fields are
noted as a source for nitrogen-fixing Cyanobacteria [58]. The exact timing of the
first Cyanobacteria like microbe appearance on the World was although not yet
sure thought more than two billion years ago and played a significant role in the

accumulation of oxygen for the early atmosphere [61].

Taxonomy of the Cyanobacteria is detailed in Figure 4.1 from empire to order base

as follows:

Class: - Chroococcales

Cyanophyceae
Phylum: = Chroococcidiopsidales
Cyanobacteria

Subkingdom: I Gloeobacterales
Negibacteria
Nostocales
Kingdom:

Eubacteria Oscillatoriales

Pleurocapsales
Empire: ] Pseudanabaenales

Prokaryota
Spirulinales

Synechococcales

Figure 4.1 Taxonomy of Cyanobacteria

4.1.1 Class: Cyanophyceae

Cyano word is derived from the Greek language, which means blue and often
referred to as blue-green algae, Cyanobacteria, or blue-green bacteria due to their

prokaryotic form with no membrane-bounded organelles and their usually blue-
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green (sometimes grey, blackish brownish, or purple but never bright green) color
[62]. The blue-green color occurs from photosynthetic pigments such as

phycocyanin (blue) and chlorophyll-a (green) (have no chlorophyll b) [62].

The photosynthetic apparatus contains two different reaction centers (RC I and II)
(Fig. 4.2) [63]. Excitation of reaction centers can produce cyclic electron flow,
which coupled to ATP synthesis, and the specific role of reaction center II is the
photolysis of water [63]. Reaction centers I and II are interconnected through the
electron transport chain, and when the centers are simultaneously excited, the
electron transport produces ATP by oxidation of water with the reaction of NADP
[63]. Reaction centers I and II and the electron transport system are placed into
membranes, which are mostly thylakoid for Cyanobacteria species except for

Gleobacters within the cell membrane (Fig. 4.3) [63].
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Figure 4.3 Comparative anatomy of the photosynthetic apparatus in
Cyanobacteria

The Cyanobacterial cell is surrounded by trichome (formation of a row of cells),

filament (sheath surrounds the trichome), cell wall (a serrated external layer and

a layer of hair-like fibers composed from glycoprotein called oscillin),

peptidoglycan layer (N-acetylmuramic acid, N-acetylglucosamine, and several

different amino acids),

cell membrane,

periplasmic space (filled with

peptidoglycan fibrils generally) and junctional pores to cross walls of neighbor

cells (Fig. 4.4) [64].
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Figure 4.4 Anatomy of Cyanobacterial cell wall

Cyanobacterial cells can be single cells, colonial or filamentous with a

characteristic thick cell wall that can be surrounded by mucous [62] and especially

gas vacuole features that allow them to buoyancy in water (Fig. 4.5) [64].

Figure 4.5 Cyanobacterial gas vacuoles (honeycombs) and lipid droplets (black
dots)

Akinetes are generally larger sized vegetative cells with high concentrations of

glycogen and cyanophycin (Fig. 4.6) and can be compared to endospores (Gram-

positive bacteria) without being resistant to environmental extremes [64]. Also,

Cyanobacteria species are noted as biodiesel source for their high lipid and TAG

(tri acyl glycerol) contents [56], [65], [66].
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Figure 4.6 Germination of Cyanobacterium from akinete

Akinetes have full of storage products, whereas heterocysts appear empty and

larger than vegetative cells in the light microscope (Fig. 4.7) [64].

93809 ancs s TP T FDo9eees 0401
GO A

Vegetative cells

Figure 4.7 Akinete, heterocyst, and vegetative cells

Heterocysts are photosynthetically inactive, almost anoxic, which is ideal for O,
sensitive nitrogenase enzyme, and serves nitrogen fixation under aerobic
conditions [64]. Heterocysts formation and the diffusion of cellular components

were summarized following Figure 4.8 [64]:
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4.1.1.1 Taxonomy of Studied Cyanobacteria

Taxonomy of the studied Cyanobacteria are listed in following Figure 4.9:

Genus: Cylindrospermum

wl Genus: Anabaenopsis

el Genus: Nodularia
md Genus: Calothrix
a Family: Rivulariaceae —
- T
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Figure 4.9 Taxonomy of the studied Cyanobacteria

4.1.1.1.1 Nostoc

Nostoc (Figure 4.10) has an individual vegetation cycle, and they can grow in
freshwater and also in soil [67]. Long filamentous cells sometimes coiled due to
mucilage sheath. Heterocytes generally placed terminal and repeats after

vegetative cell groups likewise akinetes.



|

Figure 4.10 Microscope and diagram image of Nostoc sp.

4.1.1.1.2 Anabaena

Anabaena is formed straight, curved, or coiled unbranched filaments (trichomes)
within 7-12 pm diameter [62]. Colorless cylindrical, spherical, or barrel-shaped
cells are generally without mucilage sheaths, and trichomes are uniserial and
metameric (3-9 heterocytes develop intercalary in certain distances one from

another) [67] (Fig.4.11) [68].

Figure 4.11 Microscope image of Anabaena sp.

4.1.1.1.3 Cylindrospermopsis

Cylindrospermopsis has a planktonic form that can be obtained from water such
as diatoms, and during bloom, formation makes differ from other Cyanobacteria
with has no surface scum [62]. Apart from Anabaena, cells are small (2-4 um
width, and 2-9 um height), yellowish or pale blue-green, and the end cells often
conical or sharply pointed [62]. The mucilaginous sheath is absent, and
heterocysts (2-4 pm width, and 3-10 um height) are elongated and always
terminal [62]. Akinetes (3-5 um width, and 7-16 pm height) are ellipsoidal and
rounded at the ends and distant from apical heterocysts [62] (Fig.4.12) [68].
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Figure 4.12 Microscope image of Cylindrospermopsis sp.

4.1.1.1.4 Anabaenopsis

Planktonic Anabaenopsis species prefer alkaline and saline or highly mineral
waters such as paddy fields species [67]. Colorless cells generally tangled spiral
metameric trichomes, Heterocytes, and akinetes spherical or oval and intercalar

(Fig.4.13) [67].

Figure 4.13 Microscope image of Anabaenopsis sp.

4.1.1.1.5 Nodularia

Nodularia cells are narrow barrel-shaped, isopolar, unbranched, curved, and
covered with cell sheath, which is opened at both ends [67]. Metameric
heterocytes and akinetes are irregular, and except for benthic species, only

planktonic species have gas vesicles (Fig.4.14) [67].
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Figure 4.14 Microscope image of Nodularia sp.

4.1.1.1.6 Calothrix

Calothrix cells have a worm-like form due to their heteropolar filamentous
trichomes [67]. Flament starts with one hemispherical heterocyte and follows by

big akinetes and gradually shrinking vegetative cells (Fig.4.15) [68].

Figure 4.15 Microscope image of Calothrix sp.

4.1.1.1.7 Microchaete

Microchaete cells are broad, barrel-shaped, isodiametric, and the apical cell is
always rounded by sheath firm [67]. Heterocytes basal, hemispherical, spherical,
and akinetes develop near the bases [67] (Fig.4.16).
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Figure 4.16 Microscope image of Microchaete sp.

4.1.1.1.8 Chlorogloeopsis

Chlorogloeopsis cells are pale blue-green, rounded, and thallus forms are
irregular-rounded trichomes with 3-20 cells, usually without particular mucilage

sheath [67]. Irregular heterocytes are terminal and intercalary without akinetes
[67] (Fig.4.17).

Figure 4.17 Microscope image of Chlorogloeopsis sp.
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4.1.1.1.9 Mastigocladus

Mastigocladus cells are olive-green, irregularly coiled, composed of tangled
filaments. Heterocytes are intercalary, and akinetes are very rare, which placed on

the old cells [67] (Fig.4.18).

Figure 4.18 Microscope image of Mastigocladls sp.

4.1.1.1.10 Nodosilinea

Nodosilinea shows long, solitary, uniseriate trichomes within a thin sheath that

forms spirals, with similar vegetative and apical cell shapes [69] (Fig.4.19).

Figure 4.19 Microscope image of Nodosilinea sp.
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Material and Methods

5.1

Materials

5.1.1 Chemicals

Chemicals and kits used in this thesis were listed in Table 5.1:

Table 5.1 Chemicals, solutions, and kits

CAS Compan Product Name

Number pany | code

64-19-7 Sigma 27225-R Acetic acid

67-64-1 Merck 1.000.202 Acetone

9002-18-0 Sigma A1296 Agar

9012-36-6 Sigma A9539 Agarose

7784-24-9 | Siema 1.01047 Aluminium potassium sulfate

& ’ dodecahydrate
631-61-8 Acros 218365000 Ammonium acetate
Organics

12125-02-9 | Sigma A943 Ammonium chloride

1185-57-5 Alfa Aesar A11199 Ammonium iron (III) citrate

12054-85-2 | Alfa Aesar | 11831 Ammonium molybdate (para)
tetrahydrate

6484-52-2 Merck 101187 Ammonium nitrate

7785.20-8 Sigma 574988 Ammonium nickel (II) sulfate
hexahydrate

7783-20-2 Merck 101217 Ammonium sulfate

7727-54-0 | Sigma A3678 Ammonium persulphate
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1245-13-2 | Sigma B9643-1L Bicinchoninic acid solution
58-85-5 Sigma B4501 Biotin
10043-35-3 | VWR 33601-261 Boric acid
10035-04-8 | Biofroxx 1186KG001 | Calcium chloride dihydrate
13477-34-4 | VWR 22388292 Calcium nitrate tetrahydrate
10022-68-1 | Sigma 642045 Cadmium nitrate tetrahydrate
67-66-3 VWR 22.711.324 | Chloroform
7789-02-8 | Sigma 379972 gg;‘:ﬁlyigitgﬂ) nitrate
77-92-9 Alfa Aesar 36664 Citric acid anhydrous
68-19-9 Alfa Aesar A14894 Cobalamin (Vitamin B;,)
7791-13-1 VWR CC0349 Cobalt (I) chloride hexahydrate
7758-99-8 ;r?tz(;rclzflrcr)lna LC-4502.3 sgggfyggtse‘ﬂphate
7758-98-7 | Sigma C2284 Copper sulfate solution
75-09-2 IsoLab ?14'013'250 Dichloromethane
60-29-7 Honeywell | 10315081 Diethyl ether
60-00-4 Alfa A10713 ](EélllﬁeAr)lediaminetetra—acetic acid
Ethylenediaminetetra-acetic acid
6381-92-6 Sigma E5134 disodium salt dihydrate (Na,-
EDTA)

1239-45-9 | Sigma e7637 Ethidium bromide

Supelco CRM47885 FAME mix (37 component)
50-99-7 Applichem A0883 Glucose anhydrous (D+)
110-54-3 Merck 1.043.712 n-Hexane
7365-45-9 | Alfa Aesar A14777 HEPES
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506-12-7 Alfa Aesar L05928 Heptadecanoic acid
7647-01-0 | Sigma 7102 Hydrochloric acid
Bioline BIO-33053 HyperLadder™ 1kb
Cargille 16490 Immersion oil Type A
7705-08-0 Alfa Aesar 12357 Iron (III) chloride
3522-50-7 Aldrich F6129 Iron (III) citrate
7782-63-0 | Sigma 12354 Iron (II) sulfate heptahydrate
10034-99-8 | Merck 1,0588601 | Magnesium sulphate
heptahydrate
13446-34-9 | Alfa Aesar | 36526 Manganese (II) chloride
tetrahydrate
10034-96-5 | Alfa Aesar | A17615 Manganese (1) sulfate
monohydrate
67-56-1 Merck 20.864.320 Methanol
68-12-2 Sigma 227056 N,N-Dimethylformamide
AppliChem . :
67-68-5 CmbH A3006 Dimethyl sulfoxide (DMSO)
Bioline BIO-21105 MyTaq™ DNA Polymerase
Bioline BIO-37111 MyTaq™ Reaction Buffer
7385-67-3 Sigma N3013 Nil Red
108-95-2 Sigma P1037 Phenol
9001-77-8 Sigma P3752 Phosphatase, acid from potato
20435-48-1 | Sigma 363502 Poly[(R)-3-hydroxybutyric acid]
(PHB)
7758-02-3 Sigma 243418 Potassium bromide
0838401 Merck 1,05101 di-Potassium hydrogen phosphate
709 anhydrous
7778-77-0 | Applichem | A3095,1000 Potassium dihydrogen phosphate

cell culture grade
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7447-40-7 Merck 1,04936 Potassium chloride

7681-11-0 VWR 26850,23 Potassium iodide

7778-80-5 Sigma 31270 Potassium sulfate

67-63-0 VWR 437423R 2-Propanol

9048-46-8 Sigma P0914-5AMP | Protein standard

39450-01-6 | Sigma P2308 lgf];)liiilnase K from Tritirachium

144-55-8 Sigma 31437 Sodium bicarbonate

101855321 | Sigma 13418 Sodium chloride

100187927 Sigma L3771 Sodium dodecyl sulfate (SDS)

1310-73-2 | VWR 28248298 Sodium hydroxide

144-55-8 VWR 27775,293 Sodium hydrogen carbonate

7631-95-0 | Abcr AB106776 Sodium molybdate anhydrous

7631-99-4 | VWR 27950298 Sodium nitrate

10213-79-3 | Sigma 71746 Sodium metasilicat pentahidrat

10213-10-2 | Sigma 72069 Sodium tungstate dihydrate
Sulfuric acid semiconductor

7664-93-9 | Sigma 40254 grade PURANAL™ (Honeywell
17831), 95-97%

4197-25-5 | Sigma 199664 Sudan Black B

77-86-1 Sigma T1503 Trizma base (Tris-Base)

1185-53-1 Sigma T5941 Trizma hydrochloride (Tris-HCI)

9002-93-1 Sigma X100 Triton™ X-100

7732-18-5 Sigma W4502 Water (RNAase Free)

é23334—20— Sigma 933706 ;/;gsiieum (IV) oxide sulfate

7646-85-7 | Abcr AB117501 Zinc chloride anhydrous
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7446-20-0

Alfa Aesar

33399

Zinc sulfate heptahydrate

5.1.2 Devices

Devices used in this thesis were listed in Table 5.2:

Table 5.2 Experimental devices

Name Company Series/Code
Agitator rotator WiseMix RT-10
Analytical balance Shimadzu ATX224
Autoclave Nuve OT 90L
I 2.5ul/20 ul/200 ul/1000
Automatic pipettes Eppendorf 11/5000 ul
Biological chamber Fitotron SGC 120
Biosafety cabinet Labconco i(;glc + /Class II, Type
Block thermostat/ Teknosem TAB-24

Nitrogen evaporator

Centrifuge Beckman Coulter Allegra X-15R Benchtop
Centrifuge Eppendorf 5418R
Drying oven Binder ED 53

Cast (7309) B1A Mini
Electrophoresis Thermo Scientific Gel Electrophoresis

systems

Electrophoresis power VWR 300V

source

Fluorescence microscope | Zeiss Axiovert Al with Colibri
P 7/ Axiocam 503 color

Fluorescence microscope | Nikon H600L

Freeze dryer Christ Alpha 1-2 LDplus

(Lyophilizer)
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Freezer (-10°C/ -22°C)

Inoksan

EMP.70.95.02-40

Freezer (-2°C/ +8°C)

Inoksan

EMP.140.80.03

FTIR Perkin Elmer Spectrum Two
GC (Gas Trace 1310
chromatograph) Thermo Scientific

) DB-23 (60 m, 0.25 mm,
GC column Agilent 0.25 um)/ 122-2362
Gel electrophoresis The Azure 200

scanner

Homogenizer MP Biomedicals FastPrep-24™ 5G
. . Eclipse XCD-C18, 5 um,
HPLC analytic column Agilent 4.6x150 mm
Zorbax C8 (5 um,
HPLC analytic column Agilent 4.6x250 mm, PN
880952-706)
HPLC (high-
performance liquid Shimadzu Prominence LC-20A
chromatography)
HPLC (high-
performance liquid Shimadzu Nexera-i 1c-2040c 3d
chromatography)
Ice maker Scotsman AF 80
Incubator Thermo Scientific IGS60
Incubator/ Shaker Mikrotest LMS MCi-55

Incubator/ Shaker

Sartorius stedim Biotech

Certomat BS-T

Ion-exchange
chromatography

DIONEX

AS-DV, ICS-5000"
DC/SP

lon-exchange
chromatography analytical
column

Thermo Scientific

Dionex IonPac™ AS9-HC
RF1C™ 4X250 mm

lon-exchange
chromatography guard
column

Thermo Scientific

Dionex IonPac™ AG9-
HC RF1C™ 4X50 mm
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Light microscope Nikon Eclipse Ni U with DS-Ri2
Light microscope Nikon Eclipse 100 LED
Magnetic stirrer hotplate | VWR IKA VMS-C7 S1
Magnetic stirrer hotplate | VWR VMS-A
Magnetic stirrer hotplate | IKA RTC
Magnetic stirrer hotplate | Heidolph MR Hei-Tec
Microplate Thermo Scientific MULTISKAN GO
spectrophotometer
Microwave Arcelik MD 574 S
Multi-parameter reader YSI ProPlus
Nanodrop / Fluorometer DeNovix DS-11+
pH- meter Mettler Toledo FiveEasy
Rotary evaporator Heidolph Hei-VAP Gold 3
Advanced Orbital
Shaker VWR Shaker Model 5000
. T100 PCR Thermal
Thermocycler / PCR Bio-Rad Cycler, TS-100
Thermo-shaker Grant-bio PHMT with PSC24N
Thermo-shaker for . PHMP
. Grant-bio
microplates
Ultra-low temperature .. . DW-86L628
freezer (ULT) Haier Biomedical
UV-Vis Shimadzu UVv-2600
spectrophotometers
Vortex BioSan Multi-Vortex V-32
Water baht Mikrotest LMS MSB 6
Water purification Merck Millipore Direct-Q 5 UV

system
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5.1.3 Media

5.1.3.1 BG11, BG11-N, and BG11-NP Medium Recipes

BG11 (Blue-Green Medium) is a commonly used medium for Blue-green alga,
which are also named as Cyanobacteria [70]. BG11 was prepared by addition 10.0
ml from stock solutions 1 to 8, and 1.0 ml from stock solution 9 into approximately
900 ml of double-distilled water (ddH,O) in the order specified while stirring
continuously (Table 5.3). Total volume made up to 1 liter with ddH,O. The pH

arranged to 7.1 and autoclaved. After the medium has been cooled, stored at +4°C

temperature. For Petri dishes, 14.0 g agar added per liter of the medium [71].

BG11-N [72] was prepared same as BG11 medium except for addition of NaNO,
(Stock solution 1), and for BG11-NP medium, NaNO; (Stock solution 1) and
K,HPO, (Stock solution 2) did not add to BG11 medium, but also K,SO, (174.259

g/mol) added instead of K;HPO, (174.2 g/mol).

Table 5.3 BG11 medium recipe

Stocks Component per liter Final
Concentration
1 NaNO; 150 g 17.6 mM
2 K,HPO, 4 0.23 mM
3 MgSO,-7H,0 7.58 0.3 mM
4 CaCl,-2H,0 36¢g 0.24 mM
5 Citric acid-H,O 06¢g 0.031 mM
6 Ferric ammonium citrate 06g 0.021 mM
7 Na,EDTA-2H,0 0.1g 0.0027 mM
8 Na,COs 16¢g 0.19 mM
9 Trace metal solution: 1 ml
H;BO; 2.86 g/L 46 mM
MnCl,-4H,0 1.81 g/L 9 mM
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ZnS0,7H,0 0.22 g/L 0.77 mM
Na,Mo0,-2H,0 0.39 g/L 1.6 mM
CuSO,5H,0 0.079 g/L 0.3 mM
Co(NOs),6H,0 49.4 mg/L 0.17 mM

5.1.3.2 Z8 and Z8-N Medium Recipes

Z8 medium has been tried to compare the growth of Cyanobacterium [73] for

Cyanobacterial growth, which described in Table 5.4 [74]. After autoclave,

medium stored at +4°C temperature. For Petri dishes, 14.0 g agar added per liter

of the medium. Z8-N medium prepared the same as the Z8 medium except for the

addition of NaNOs.

Table 5.4 Z8 medium recipe

Component Amount/L ddH,O
MgSO,-7H,0 0.25¢

NaNO, 0.467 g
Ca(NO,),-4H,0 59 mg

NH,CI 31 mg

Na,CO; 0.02¢g

FeCl, 28 g /Lin 0.1 N HCl 0.1 ml

Na,EDTA 39 g/Lin 0.1 NNaOH | 0.095 ml

Gaffron micronutrients in 1L ddH,O: 1 ml

H3;BO; 3.1g
MHSO4'4H20 2.23 g
ZHSO4'7H20 0.22 g
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(NH4)6M07024’4H20 0.088 g

Co(NOs),6H,0 0.146 g

VOSO0,4-6H,0 0.054 g

A12(804)3K2804’2H20 0.474 g

NISO4(NH4)2SO4'6H20 0.198 g

Cd(NOs),-4H,0 0.154 g
Cr(NO;);-7H,0 0.037 g
Na,WO,-2H,0 0.033 g
KBr 0.119 g
KI 0.083 g

5.1.3.3 Allen Medium Recipe

The Allen medium was prepared as described in Table 5.5, and the pH was
adjusted at 7.8 [75]. After autoclave, medium stored at +4°C temperature. For

Petri dishes, 14.0 g agar added per liter of the medium.

Table 5.5 Allen medium recipe

Component Amount/L ddH,O
HEPES buffer 23¢g

NaNO; 15¢g
K,HPO,-7H,0 6 g/L ddH,0 5 ml
MgSO,-7H,0 6 g/L ddH,0 5ml

Na,CO; 4 g/L ddH,O 5 ml

CaCl,-2H,0 2.5 g/1L. ddH,0 10 ml
Na,Si0;-9H,0 4.64 g/1. ddH,O 10 ml

Citric acid-H,O 4.8 g/1. ddH,0 1ml

P-IV metal solution 1L ddH,O: 1 ml
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Na,EDTA-2H,0 0.75 g
FeCl;-6H,0 0.097 g
MnCl,-4H,0 0.041g
ZnCl, 0.005 g
CoCl,-6H,0 0.002 g
Na,MoO,-2H,0 0.004 g

5.1.3.4 FW (Freshwater) Medium Recipe

First soil-extract prepared for the FW medium. 50 g soil was boiled in 500 ml

ddH,O for 30 min, then centrifuged at 5500 rpm for 15 min, filtered (0.45 pm

PTFE), and double autoclaved. The following FW medium was prepared, as

described in Table 5.6 [76]. After autoclave vitamin mix added to medium with

sterile syringe and filter (0.45 um PTFE), then pH was adjusted at 6.5 with HCl

and stored at +4°C temperature. For Petri dishes, 14.0 g agar added per liter of

the medium.
Table 5.6 FW medium recipe
Stocks Component Stock recipe Amount/L ddH,O
1 Ca(NOs),-4H,0 0.2 g/100 ml 20 ml
2 K,HPO, 0.1 g/100 ml 10 ml
3 | MgSO,7H,0 0.1 g/100 ml 25 ml
4 Na,CO; 0.1 g/100 ml 20 ml
5 Na,SiO;-5H,0 0.1 g/100 ml 50 ml
6 Ferric-citrate 0.1 g/100 ml 10 ml
7 Citrit acid 0.1 g/100 ml 10 ml
8 Soil-extract * Described above 30 ml
9 Micronutrient solution =xTable 5.7 5 ml
10 | Vitamin mix =+ Table 5.8 1 ml
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Table 5.7 Micronutrient solution recipe

Solution Component Stock recipe Amount
Solution I ddH,O 881 ml
ZnS0O,7H,0 0.1 g/100 ml 1 ml
MnSO,-H,O 0.0758 g/100 ml | 2 ml
H,;BO; 0.2 g/100 ml 5 ml

Co(NO5),6H,0 0.02 g/100 ml 5 ml

Na,MoO,-2H,0 0.02 g/100 ml 5 ml

CuS0O4-5H,0 0.0005 g/100 ml | 1 ml
EDTA (Triplex III) 04¢g
Solution II ddH,0 100 ml
FeSO,-7H,0 0.7¢g
EDTA (Triplex III) 04¢g

** Solution I and II autoclaved separately then combined after cooling

Table 5.8 Vitamin mix recipe

Component Amount/100 ml ddH,O
Vit. B; (Thiamine HCI) 100 mg

Vit. H (Biotin) 0.025 mg

Vit. B, (Cyanocobalamin) 0.015 mg

***added aseptically to autoclaved and cooled medium

5.2 Experimental Methods

5.2.1 Sampling of Cyanobacteria

Selected Cyanobacteria that were collected from paddy fields, where

Cyanobacterial biodiversity is high and some other diazotrophic Cyanobacteria
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species, which were already isolated from different thermal water resources and

volcanic lakes of Turkey had been employed.

5.2.1.1 Cyanobacteria from Thermal Waters and Hot Springs

Cyanobacterial species of Istanbul Medeniyet University’s (IMU) culture library
has been planned to investigate for their PHB production. The Cyanobacterial
species of IMU library were already collected from thermal and hot spring waters
and lakes (mostly volcanic) by supporting of “The Republic of Turkey Ministry of
Agriculture and Forestry General Directorate of Agricultural Research and Policies”
project numbered as TAGEM/12/AR-GE/13 as labeled following figure 5.1:
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Figure 5.1 Sampling locations of Cyanobacteria species from IMU Culture
Library

5.2.1.2 Cyanobacteria from Paddy Fields

The first part of the thesis study was to isolate Cyanobacteria from paddy fields that were
known to host a broad range of Cyanobacterial species which can produce PHB [58].
Isolation has been made in three terms as of May, June, and especially in July when the
rice plant is grown, from paddy fields of Balabancik, Ipsala, Yeni Karpuzlu, Enez, and
Buyuk Mandira (Fig. 5.2).
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Figure 5.2 Sampling locations of Cyanobacteria species from paddy fields

Samples were collected from water (Planktonic samples), soil (Epipelic), stone

(Epilithic), and plant (Epiphytic). We made direct sampling from soil (Epipelic),

planktonic samples (Fig. 5.3).

and the plankton net was employed for

Figure 5.3 Sampling from paddy fields

Water's pH, conductivity, temperature, and total dissolved solids (TDS) have been

measured by multi-parameter reader and salinity, ammonium, and nitrate level of

60



water samples measured by ion-exchange chromatography with Dionex IonPac
AS9-HC RF1C column (4x250 mm) (mobile phase: 9mM NaCOs, flow rate:1) [77]
(Fig. 5.4).

Figure 5.4 Ion-exchange chromatography

5.2.2 Selection of Cyanobacteria

5.2.2.1 Purification

Samples were inoculated in liquid BG11 and spread on solid BG11 medium
prepared with or without nitrogen. Incubating samples in nitrogen plus and minus
media lets select nitrogen-fixing Cyanobacteria from a Cyanobacterial/micro-algal
bulk. Techniques such as antibiotic treatment have also been used for the species
for obtaining the axenic cultures, then identified by microscopically via serial
dilution which was summarized as follows: 10 ml from the sample was transferred
into flasks with 190 ml BG11-N medium then incubated by shaking with
continuous light. 2 ml sample taken from the flasks and transferred to the next 50
ml flasks. The process was repeated for every 15 days, and the microscopic
investigation was performed after 15 days to identify the Cyanobacteria and
determine the purity. The purification process of nitrogen-fixing Cyanobacteria
which were collected from paddy fields in summary, followed by sampling,
incubated in BG11/ BG11-N liquid media, separation by serial dilution method,
again incubated in different liquid/solid media such as BG11-N, Z8 and Z8-N,
examination by microscope imaging, and collecting in liquid nitrogen for

cryopreservation, as shown in Figure 5.5:
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Figure 5.5 Purification process of nitrogen-fixing Cyanobacteria

Likewise, formerly purified samples that exist in Istanbul Medeniyet University
culture collection were also spread on BG-11 and BG11-N agar for the selection of
diazotrophic Cyanobacteria. Also, the Z8 medium and its nitrogen deprived
version of Z8-N tried to compare the Cyanobacteria growth. The identified pure
Cyanobacteria were transferred in solid and liquid media as stocks. Microscopic

imaging has been made continuously to check the purity of samples.

5.2.2.2 Identification

5.2.2.2.1 DNA Extraction

Genomic DNA was extracted from Cyanobacterial species following the phenol-

chloroform method [77-79]:

Washed (dH,O) and centrifuged (10,000g 2 min) 100 mg (minimum)
Cyanobacterial biomass washed with 4% Triton 100x and centrifuged again
(10,000g 2 min). 400 ul extraction buffer (Table 5.9) pre-warmed to 60°C and
added on the pellet, then vortexed for 1 min at maximum speed. 40 ul SDS (10%)
and 10 ul proteinase K (20 mg/ml) added to the mix in the Eppendorf tube and
vortexed for the 5 min and then incubated at 60°C for 1 h by thermo-shaker (300

rpm) (Fig. 5.6). After incubation, the Eppendorf tube upended for three times and
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400 ul phenol: chloroform (1:1) (caution: phenol is high carcinogenic, work under
cabin) added, and rotated (20 rpm speed) by inversion for 2 min. The upper-
aqueous phase (including DNA) transferred into a new Eppendorf tube after
settled down for 1 min at 4°C of centrifugation at 14,000 g for 10 min at 4°C. 300
ul isopropanol added to the tube and mixed by agitator rotator for 3 min at 20
rpm speed, and incubated for at least for 1h or uttermost overnight till the DNA
became visible. After that, the solution centrifuged at 14,000 g for 15 min at 4°C,
and the supernatant discarded with caution. The DNA pellet washed with 750 ul
cold ethanol (70%) and rotated by inversion at 20 rpm for 2 min and then again
centrifuged at 14,000 g for 2 min at room temperature to the formation of the
pellet. The supernatant was thrown out, and the pellet left to dry in the sterile
cabinet for 10 minutes while the tube was open. Then 300 ul sterile T1,E; (10mM
Tris-HCl EDTA pH 8.0; 1mM Na,EDTA pH 8.0) was added (or RNAase Free
Water), and nanodrop (Fig. 5.6) was read at a wavelength between 260-280 nm
to measure the concentration of the DNA. Concentration (C) was adjusted around
50 ng/ul for 300 ul volume, according to the dilution equation (C,V; = C,V,), to
get good bands for gel electrophoresis. After the quantification, 50 ul taken in as

aliquotes and stored at -80°C for further analysis.

Table 5.9 CTAB extraction buffer recipe

Component Amount
CTAB (Hexadecyltrimethylammonium bromide) lg
5 M NaCl 10 ml
1 M Tris-HCI (pH 8) 5ml
0.5 M EDTA (pH 8) 2 ml
ddH,O 33 ml
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Figure 5.6 Thermo-shaker and nanodrop respectively

5.2.2.2.2 Gel Electrophoresis

The first gel electrophoresis was used to determination of the band' molecular
weight, which gave good specify of DNA quality for the polymerase chain reaction
(PCR), and then gel electrophoresis used again to see the amplification proficiency
of DNA after PCR. 1% solution of agarose has been prepared by dissolving 0.45 g
of agarose in 450 ml of 0.5x TBE buffer, which diluted (1/10) from 5X TBE buffer
solution (Table 5.10), and placed in a microwave for 5 min, then left for cooling,
after that 5 pl of 10 mg/ml ethidium bromide (caution: high carcinogenic, work
under cabin) added into agarose mix before it gets solid, mixed well and poured
slowly in the electrophoresis tank for polymerization of the agarose solution. The
electrophoresis comb with 14 teeth was used to mold wells during gel formation.
After 30 min electrophoresis comb was removed, and the electrophoresis tank was
filled upon the gel with a 0.5x TBE buffer solution. First, 3 ul of 1kb ladder added
than 3 pl of per sample (DNA: before PCR, 16S rRNA: after PCR) were loaded to
the separated wells mixed with 2 pl 6x loading buffer, and the gel was run at 85
mVA 90 volts for 1:15 min (Fig. 5.7). Afterward, the gel was picturized by gel
electrophoresis scanner (Fig. 5.7) for the identification of the isolated DNA band'
quality. Since both the dull, blurry, thick, dark, or smearing bands were
recognized as bad resolutions for gel electrophoresis, these samples were diluted
and tried again or started from the DNA extraction, whereas visible and not

smeared bands were accepted as good results.
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Table 5.10 5xTBE buffer recipe

Component Amount
Tris base 27 g
Boric acid 14 ¢
0.5 M EDTA (pH 8.0) 10 ml
ddH,O 490 ml

Figure 5.7 Gel electrophoresis and gel electrophoresis scanner

5.2.2.2.3 Amplification of the 16S rRNA Gene via Polymerase Chain

Reaction

PCR performs DNA amplification from genomic DNA containing a partial 16S
ribosomal RNA region [81]. Ten primers (Table 5.11), which determined by the
literature studies, have been designed by Sentromer DNA Technology limited

company (©2009-2020 https://www.sentromer.com/) and were attempted to

select the best primers for the amplification of the Cyanobacterial DNA. After PCR
amplification, first gel electrophoresis of the primers, then 16S rRNA sent to
sequence analysis to Sentromer DNA Technology limited company (©2009-2020

https://www.sentromer.com/) and results investigated on Chromas v2.6.4 (a tool

for viewing and editing chromatograms from Sanger sequences) and the NCBI

databases with BLASTn search (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

Selected primers have been used for all Cyanobacterial DNA samples for the

amplification of 16S rRNA.
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Table 5.11 Primer pairs

Primer name Type* 5’ Primer sequences 3’ | Ref
pA F AGA GTTTGATCC TGG CTC AG [82]
B23S R CTT CGC CTC TGTGTGCCT AGGT [82]
CYA108F F ACG GGT GAG TAA CRCGTR A [83]
CYA16S SCYR R CTT CAY GYA GGC GAG TTG CAGC [83]
16S545R R ATT CCG GAT AAC GCT TGC [82]
CYA359F F GGG GAA TCT TCC GCA ATG GG [84]
CYA781R R GAC TAC AGG GGT ATC TAA TCC [84]
27F F AGA GTT TGA TCM TGG CTC [65]
27FR F-R TTG GGC GTA AAG CGT AG [85]
809R R GCT TCG GCA CGG CTC GGG TCG ATA | [86]

*F: Forward, R: Reverse

Primers diluted (10 wul in 190 ul of ddH,0) for a polymerase chain reaction. First
5 wl extracted DNA, 5 ul master mix, 1 ul from diluted forward primer, 1 ul from
diluted reverse primer, and 12 ul ddH,O added in a sterile PCR tube, then 1 ul
DNA polymerase added and placed in a thermocycler (Fig. 5.8) according to
program detailed in Table 5.12. After amplification, 16S rRNA sent to Sentromer

DNA Technology limited company (©2009-2020 https://www.sentromer.com/)

for Sanger sequence analysis. Results investigated on Chromas v2.6.4 (a tool for
viewing and editing chromatograms from Sanger sequences) and the NCBI

databases with BLASTn search (https://blast.ncbi.nlm.nih.gov/Blast.cei) and

species entered the database of NCBI.

Table 5.12 PCR program

Stepl | Step2 | Step3 | Step4 | Step5 | Step 6 | Step 7
o o o o Go to 72. 12.
Temperature | 94. 0°C | 94. 0°C | 50. 0°C | 72. 0°C step 2 0°C 0°C
. 30
Time 0:5:0 | 10:01:0 | 0:1:30 | 0:2:0 0:7:0 0
cycle
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Figure 5.8 Thermocycler (PCR)

5.2.3 Preparation of Inoculum

The Cyanobacteria species have been sustained in BG11-N medium by refreshing
every 15-20 days, since isolation in May 2017. Exponentially growing
Cyanobacteria cells were harvested by centrifugation at 2000 g for 3 min, washed

with ddH,0, and used as inoculum (5%) for experiments.

5.2.4 Screening PHB Levels of Cyanobacteria

5.2.4.1 Experimental Design

Cyanobacterial species were cultivated under the continuous light intensity of 100
wE/(m?/s) at 25°C by orbital shaking at 120 rpm speed. Both 50 ml BG11-N
medium (as the control) and BG11-NP medium (the experimental group for
observation the effect of phosphorous) in 100 ml flasks to enhance PHB
production. Triplicate samples were collected on the 5th and the 10th days of
incubation. Cells monitored by light microscope imagining with Nikon Eclipse Ni
light microscope (Fig. 5.9) with Nikon Y-TV 55 optic camera by using NIS-
Elements BR 4.40.00 64-bit program.
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Figure 5.9 Light microscope imagining system

5.2.4.2 Analysis

5.2.4.2.1 Sudan Black Dye Method

The schematic steps of the Sudan black technique for investigating PHB content
are explained in Figure 5.10 [87]. 1 ml sample was collected, centrifuged at 7500
g, and washed with ddH,O [87]. Sudan black B solution (16 mg/ml ethanol)
prepared in 70% ethanol [88] and 400 ul added into Cyanobacteria samples, then
incubated by shaking for 20 min at 35°C [87]. The stained samples were
centrifuged at 7500 g and washed three times with ddH,O to get rid of not fixed
dye. In the last step, 1 ml ddH,O was added to the stained cell pellet homogenized,
then its UV spectrum was read at 670 nm and also virtualized on immersion oil

by x100 microscope objective [87].
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Figure 5.10 Scheme of the steps of developed Sudan black B quantification
technique

5.2.4.2.2 FTIR (Fourier Transform Infrared Spectroscopy) Analysis

The collected 2 ml cells were centrifuged for 5 min at 2000 g and frozen in -80°C
for 24h, then dried by lyophilizer at 40°C for 12h. After drying with the lyophilizer,
powdered-like cells were analyzed between 4000-400 cm™ wavenumber range
absorbance spectrums with 64 scannings of the FTIR Spectrometer (Fig. 5.11)
[89].
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Figure 5.11 FTIR

PHB gives (C=0) transmission bands at 1720 cm® [90] and 1735 cm™ [91]
absorbance, which depends on the degree of crystallinity (Fig 5.12). 1720 cm™
and 1735 cm™ bands were used to identify the PHB feedstock separately.
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Figure 5.12 PHB responsible FTIR peaks

Also, 2 ml samples were collected on the 7th day of the incubation to measure the
triacylglycerol (TAG), oligosaccharide, and polysaccharide amounts. FTIR peak
values attributed to ester group (C=0) vibration of TAG (1744 cm™), membrane-
bound oligosaccharide (C—OH) bond (1145 cm™), and stretching of the (C-O) (C-
OH) groups of polysaccharide (1045 cm™) [89].

The amide I band (1652 cm™) was taken as a reference for FTIR spectra

normalization and ratio determination [92].
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5.2.4.2.3 Total Chlorophyll-a & Carotenoid Analysis Method

Cyanobacterial samples (100 mg) were vortexed with 500 pl water and
centrifuged at 2000 rpm for 3 min. 500 pul of 90% acetone was added into the
cells, then vortexed and mixed by agitator rotator for 15 min, and centrifuged at
15000 rpm for 5 min. 150 pl from the supernatant were placed into 96 well F
sterile microplates and the absorbances were measured by microplate
spectrophotometer (Fig. 5.13) at 470, 630, 647, 664, and 750 nm against a 90%
acetone blank. The concentration of total chlorophyll-a and carotenoid were

calculated according to the following equations [93]:
Ch]orophyll-a [[,Lg/ml] = (1 1.85 (A664-A750) -1.54 (A647-A750) -0.08 (A630‘A750)) (5 . ].)
Ch]orophyll-b [p,g/ml] = ('5 43 (A664-A750) +21.03 (A647-A750) -2.66 (A630'A750)) (5 .2)

Total carotenoid [ug/ml]=(1000(A4)-(1.86[Chl-a])-(74.08[Chl-b]))/206 (5.3)

Figure 5.13 Microplate spectrophotometer

5.2.4.2.4 Determination of Phycobiliproteins

Samples (10 ml) were centrifuged at 3000 rpm for 5 minutes and washed with
buffer (1M Tris-HCI, pH 8.1), and 5x volume of the buffer were added into the
cell pellet to extract pigments and for the destruction of the cell wall of the strains
were obtained by continuous freezing at -20°C and thawing at +4°C, then
sonication (10 min/ 30 sec per cycles). After centrifugation at 12,000 rpm for 10
min, separation of cell fragments was done, and supernatants were measured
spectrophotometrically in 96 well microplate at Ass; nm for phycoerythrin (PE),

Agis nm for phycocyanin (PC), and Ag,; nm for allophycocyanin (APC) by
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microplate spectrophotometer. The concentration of phycobiliprotein pigments

was calculated by using the following formulas [94]:

PE [mg/ml] = [(Ass2) -2.41(PC) -0.849(APC)]/9.62 (5.4)
PC [mg/ml] = [(As15) -0.474(Ass2)1/5.34 (5.5)
APC [mg/ml] = [(As¢sz) -0.208(A615)1/5.09 (5.6)

5.2.5 Studies on Selected Species

5.2.5.1 Medium Trial for Growth of Cyanobacteria

BG11, Z8, Allen, and FW solid media were tried to find the best Cyanobacterial

growth on selected species.

5.2.5.2 Experimental Design

Selected Cyanobacterial species were cultivated under the continuous light
intensity of 100 uE/(m?/s) at 25°C by orbital shaking at 120 rpm speed. Both 100
ml BG11-N medium (as the control) and BG11-NP medium (the experimental
group) in 250 ml flasks were used as triplicates for each species and samples

collected on the 5th and the 10th days.
5.2.5.2.1 HPLC Analysis

5.2.5.2.1.1Carotenoid Analysis

The extraction buffer (2 ml, 50% MeOH-50% THF) added on 0.1 g wet sample
and vortexed, then filtered by PTFE filters (0.45 um) [95]. Zorbax C8 reverse
phase HPLC column (5 um, 4.6x 250 mm) was used with the 0.8 min flow rate by
the 95% MeOH: 5% THF of the mobile phase. Following equation used for

calculation of carotenoids [96]:

_ 1x(HPLC area) x(dilution ratio)
o (standard area)x(amount of sample)

X 100 (5.7)

* (amount of sample= 0.1 g) (dilution ratio= 2ml) (standard area= 320,000 (lutein); 280,000 (B-

carotene))
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5.2.5.2.1.2B, (Riboflavin) Vitamin Analysis

Wet cyanobacterial samples (0.1 g) were autoclaved at 121°C for 30 minutes with
a 4 ml buffer (0.1 N HCI). The pH was arranged ~4.5 with 2.5 N sodium acetate.
After three hours of enzymatic incubation at 37°C with 0.1 ml phosphatase acid
enzyme, the tubes were adjusted to 10 ml with 1N HCI, then filtered with filters
(Chromafil 45/25 mm) and vialled [96] [97]. Samples have been measured on
HPLC by Eclipse XCD-C18 column (5 um, 4.6x 150 mm) with the water: methanol
(75:25) mobile phase [96].

5.2.5.3 Experimental Design with Negative Control

Selected three Cyanobacterial species were cultivated under the continuous light
intensity of 100 uE/(m?/s) at 25°C by orbital shaking at 120 rpm speed. Both 50
ml BG11 medium (as the negative control), BG11-N medium (as the control), and
BG11-NP medium (the experimental group) in 100 ml flasks were used as

triplicates for each species and samples collected on the 5th and the 10th days.

5.2.5.3.1 PHB Measurements

Sudan black B dye and sulphuric acid digestion method were investigated both to

determine PHB production of Cyanobacterial species.

5.2.5.3.1.1Sudan Black B Dye Method

Cyanobacterial sample (1 ml) was collected, centrifuged (7500 g), and washed
with dH,0, then Sudan black B solution 400 ul added into samples and incubated
by shaking for 20 min at 35°C [87]. The stained samples were centrifuged
(7500g), washed three times with dH,O, then again suspended with 1 ml dH,0O
[87]. The UV spectrum was read at 670 nm.

5.2.5.3.1.2Sulphuric Acid Digestion Method

Cyanobacterial medium (10 ml) was centrifuged at 6000 rpm for 30 min, and the
pellet was dried in a lyophilizer (Fig. 5.14) at 40°C for 12h. The dry weights of

the pellets were measured, then suspended in 2 ml ddH,O and homogenized (Fig.
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5.14). 2 ml of 2N HCI was added into the suspension and heated in a water bath

at 95°C for 2 hours, then centrifuged for 20 min at 6000 rpm [98].

Figure 5.14 Lyophilizer and homogenizer, respectively

Chloroform (5 ml) was added into the tubes (lids closed) and left overnight on an
incubator at 28°C with shaking at 150 rpm, then centrifuged for 20 min at 6000
rpm [99]. 0.1 ml from chloroform phase replaced in the clean glass tubes and
dried at 40 °C for 15 min. 5 ml concentrated sulfuric acid (H,SO,) (caution: work
with a plastic coat, gloves, goggles, etc.) was added into the tubes and 10 mg of
PHB standard (Sigma 363502) for calibration curve. Vials closed and heated in a
water bath at 100°C for 20 min for the conversion of PHB polymers to crotonic
acid. The PHB amount was measured by measuring crotonic acid at Ays nm in a
UV spectrophotometer against the blank of sulphuric acid [98]. PHB production
and the percentage were calculated by the cells dry weight (dw) and PHB amount
which was determined by the calibration curve. The calibration curve was
constituted from PHB’s serial diluted concentrations which were 15.25 pg/ml,

7.8125 pg/ml, 3.90625 pg/ml, and 0 pg/ml.

5.2.5.3.2 Growth Measurements

Cyanobacterial growth was recorded by optical density (OD) of 1 ml culture
suspension at 680 nm (OD Aggo) [100], which is responsible for chlorophyll-a (Fig.
5.15). The most abundant pigment is chlorophyll a [101], which means its content

is parallel with the cell division.
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Figure 5.15 Chlorophyll a, b and carotenoids absorbance spectra [101]

5.2.5.3.3 Chlorophyll-a & Carotenoid Measurements

Cyanobacterial cells (2 ml) were harvested on the 0, 3, 5, 7, and 10th days of
incubation. The protocol [102] followed by centrifugation (15,000 g for 7 min)
and the supernatant was removed. 1 ml pre-cooled methanol (4+4°C) added to the
cells and mixed with homogenization, then covered with aluminum foil and
incubated at +4°C for 20 min, and bluish color has been observed. Samples were
centrifuged at 15,000 g for 7 min, and absorbance of the supernatant was
measured by microplate spectrophotometer at 470 nm, 665 nm, and 720 nm, the

chlorophyll-a (Chl-a) and carotenoid calculated by following equations [102]:
Chl-a (ug/ml) = 12.9447 (A665 - A720) (58)

Carotenoids [pg/ml] =[1,000 (A4 -Ass0) -2.86(Chl-a (ug/ml))] /221  (5.9)

5.2.5.3.4 Saccharide Measurements

Cyanobacterial cells (1 ml) were harvested on the 0, 3, 5, 7, and 10th days of
incubation and centrifuged at15000 g for 5 min, and supernatants were removed.
1 ml pre-cooled methanol (+4°C) added to the samples and mixed by
homogenization, then tubes were covered with aluminum foil and incubated at
+4°C for 20 min, and bluish or purple color has been observed. Samples were
centrifuged at 15000 g for 5 min, then supernatants were discarded, and 500 pl

dH,0 and 500 pl 5% phenol (caution: high carcinogenic, work in fume hood) were
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added into the pellets and D-glucose (Applichem A0883) calibration solutions
which were described in Table 5.13. After 15 min incubation at room temperature,
60 pl of each sample, and 150 pl of 96% sulfuric acid were transferred to 96-well
microplate and incubated again for 5 min at room temperature [103]. Samples
saccharide content was measured by a microplate spectrophotometer at 490 nm

and calculated from the calibration curve.

Table 5.13 Preparation of calibration series of D-glucose in distilled water

Glucose solution [ul] Glucose
Tube number dH,O [ul] concentration
(500 ug ml*) Jiig ml']
1 25 475 25
2 50 450 50
3 75 425 75
4 100 400 100
S 300 200 300
6 500 0 500

5.2.5.3.5 Protein Measurements

Lysis buffer (50 mM Tris—HCI pH 8.0, 2% SDS, 10 mM EDTA) was prepared, and
500 pl buffer added into frozen cell pellets (50-100mg) in (at -80°C and hurriedly
thawed at 37°C). Homogenized cells (10 cycles with mixing for 30 sec) were
incubated at laboratory temperature for 15 min at agitator rotator, then
centrifuged at 5000g for 20 min at 4°C. 200 ul of pre-heated (60°C) working
reagent (4% copper sulfate solution: bicinchoninic acid solution, 1:50) (caution:
safe from light) was added to the supernatant and incubated at 60°C for 30
minutes. Then measured by microplate spectrophotometer at 562 nm absorbance
spectrum at room temperature for protein determination [89]. The protein
standard (Bovin Serum Albumin (BSA)) (Sigma P0914-5AMP) was prepared

according to Table 5.14 to obtain a protein calibration curve.
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Table 5.14 Preparation of calibration series of BSA in distilled water

Tube number BSA (0.5 mg/ml) Water
1 0 ul 10 ul
2 1.5 ul 8.5 ul
3 3ul 7 ul
4 5 ul 5 ul
5 7.5 ul 2.5 ul
6 10 ul 0wl

5.2.5.3.6 Fluorescence Imaging via Nile Red Dye

Cyanobacterial samples (1 ml) were harvested, and the UV absorbance was
measured at 720 nm. After that, the final concentrations were arranged to 0.2 OD
by BG11 media for the Nile red (9-diethylamino-5Hbenzo[a]phenoxazine-5-one)
encolouring of the living cells. After dilution, 250 ul Nile red solution (1 wg/ in
DMSO) was added into 9.8 ml cell suspension and mixed by agitator rotator for
10 min in the dark. Then, a fluorescence microscope (Zeiss Axiovert Al with
Colibri 7, Axiocam 503 color) (Fig. 5.16) used to observe the Cyanobacterial lipid

content at 530 nm excitation and 570 nm emission wavelengths [104].

]
m

Figure 5.16 Fluorescence microscope imagining system
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5.2.5.4 Maximization of Extraction Techniques

5.2.5.4.1 Sodium Hypochlorite Extraction

Cyanobacterial samples (10 ml) were centrifuged (2000 g, 5 min) and freeze-
dried. Then Cyanobacterial biomass was mixed with 4% sodium hypochlorite at
agitator rotator for 20 min. Then centrifuged (2000 g, 5 min) to separate the dead
cells and rinsed twice with dH,0, and followed by centrifugation (2000 g, 5 min)

and cleaning with acetone for drying [105].

5.2.5.4.2 Soxhlet Extraction

Soxhlet extraction (Fig. 5.17) based on Yellore and Desai’s method [106].
Cyanobacterial biomass was suspended in methanol for pre-extraction and kept
overnight at 4°C for the removal of pigments. Then centrifuged for 5 min at 8,000
rpm and supernatants were discarded. The obtained pellet was dried at 60°C, then
extracted in 150 ml hot chloroform by soxhlet apparatus for 30 h. Extraction
followed by evaporation, precipitation (with 2x cold diethyl ether), and then
filtered with Whatman glass microfiber filters (GF/C 125 mm). After
centrifugation (10,000 g for 20 min), the pellet was washed with 10 ml diethyl
ether and 10 ml acetone and evaporated (Fig. 5.18) [32]. Then transferred in a
glass tube by dissolving in chloroform. The samples were placed in an incubator
at 40°C for drying. Then 5 ml chloroform added to cells for investigation of PHB
contents, which were measured by the sulphuric acid digestion method [98] as

described above.
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Figure 5.17 Soxhlet extraction and evaporation with rotary

Selected Cyanobacteria species were investigated in different extraction

parameters which were described in following Table 5.15:

Table 5.15 Extraction parameters

Pre-extraction

Soxhlet extraction

Methanol (M)

Chloroform (C)

Methanol: acetone: water:
dimethylformamide
[40: 40: 18: 2] (MAWD)

Chloroform (C)

Methanol (M)

Chloroform: dichloromethane [1: 1] (CD)
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5.2.5.5 Environmental Stress Applications

Selected three Cyanobacterial species were cultivated in the 100 ml BG11-N media
in 250 ml flasks under the continuous light intensity of 100 uE/(m?/s) at 25°C by
orbital shaking at 120 rpm speed. Sampling made on the day of the 5th and 10th
days of incubation. Following environmental stress factors were chosen as
experimental groups were described in following Table 5.16, based on the
literature, to improve PHB production. Group-N used as the control group, which
was incubated in the BG11-N medium (pH 7.1). The experimental groups were
incubated at dark conditions with %0.4 acetic acid (AcOH) addition in BG11-N
medium (pH 7.1) at 25°C temperature which was represented the main group-A,
while pH was adjusted to 8.5 for the group-B and samples of the group-C were

grown at the cold temperature (+10°C).

Table 5.16 Environmental stress factors of experimental groups

In BG11-N Group -N | Group -A | Group -B | Group -C Ref.
%0.4 AcOH [28], [31],
- + + +
addition [107]
Dark [100],
- + + +
incubation [107], [28]
Basic pH (8.5) - - + - [28]
Cold (+10°C) - - - + [66]

Results have been estimated by the sulphuric acid digestion method [98]. Also,
the Greiner UV Star F Bottom 96 well microplate used for the comparison of quartz
tubes, which had been used already for the sulphuric acid digestion method. The
microplate has been measured at UV 235nm by the Microplate spectrophotometer

(Multiskan GO).
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5.2.5.5.1 Chlorophyll-a & Carotenoid Measurements

The protocol [102] was carried out as described above, especially for the
determination of chlorophyll-a content of the Cyanobacterial cells to the

investigation of the growth.

5.2.5.5.2 GC Measurements of FAME Products

The edited [108] [109] fatty acid methyl ester (FAME) extraction,
transesterification, and Gas chromatography (GC) analysis of Cyanobacteria was
started with harvesting 10 ml Cyanobacterial samples which placed in screw-
capped tubes. Samples were centrifuged at 3000 g for 5 min, and then
supernatants were discarded. 305 ul extraction buffer (Table 5.17) added into the
cells and incubated for 2 h at 80°C in Thermo-Shaker with 750 rpm. After samples
were cooled to room temperature, 300 ul 0.9% NaCl and 300 ul hexane were
added onto them and vortexed for 20 min. Samples were centrifuged (3000 g, 3
min, 20°C) and 150 ul upper phases of hexane were transferred in snap vials.
Helium gas was used as a carrier with a 1ml/min flow rate in DB-23 (Agilent, 60
m/0.25 mm/0.25 um) column of TRACE 1310 Gas Chromatograph (Fig. 5.19).
The oven temperature was programmed at 120°C with 5 min hold, then 5°C
increased up to 230°C with 275 FID temperature [108]. Supelco 37 component
FAME mix (CRM47885) used as a FAME standard.

Table 5.17 FAME extraction buffer recipe

Extraction solution + Internal standard (5 ul)
Methanol 98 ml Heptadecanoid acid | 10 mg
H,SO., 2 ml Hexane 1ml
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Figure 5.18 Gas chromatography

5.2.5.6 Identification of PHB

The identification of PHB, which extracted by soxhlet extraction, was made by

FTIR.

5.2.5.6.1 FTIR Analysis

PHB extracts were analyzed between 4000-400 cm' wavenumber range

absorbance spectrums of the PerkinElmer Spectrum Two FTIR Spectrometer [89].
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6

Results and Discussion

6.1 Sampling Parameters of Water

We investigated the dynamic water parameters like pH, conductivity, and total
dissolved solids (TDS) temperature (Table 6.1). Paddy fields’ conductivity levels
were not so high, and the water temperature changed between 24.5-26.5°C on
May, 29-37°C in June, 32.4-37.2°C in July. The measured temperature degrees
were suitable for Cyanobacterial growth. The pH values of all samples were close

to neutral pH, which were also favorable for Cyanobacterial growth.

Table 6.1 Dynamic properties of water samples

PH Conductivity DS mg/ L Temperature
O,
Location s ¢
May | June | July | May | June | July | May | June | July | May | June | July
Enez 7.3 |82 | 7.8 | 1450 | 1700 | 1400 | 820 | 850 | 910 | 26.5 | 29.5 | 32.4

[psa]a 71 |75 7.1 | 2020 | 1950 | 2065 | 1025 | 970 | 890 | 25.3 | 33.1 | 34.2

Yeni
6.9 | 7.8 | 7.5 | 2350 | 2600 | 2400 | 980 | 1300 | 1520 | 24.5 | 36.7 | 34.5
Karpuzlu
Balabancik
7.1 |81 |79 | 1420 | 1240 | 1310 | 810 | 610 | 820 | 26.2 | 36.6 | 37.2
Koyu
Buyuk
. 74 |83 |72 | 1070 | 1180 | 1480 | 630 | 580 | 505 | 24.5 | 29.4 | 33.5
Mandira

The parameters of salinity and nitrogen forms, which are ammonium and nitrate,
are essential for Cyanobacterial diversity. The low salinity levels promote
Cyanobacterial growth and via Cyanobacterial growth, nitrogen forms as
ammonium in paddy fields. Investigated salinity, ammonium, and nitrate
parameters of paddy fields (Table 6.2) showed that ammonium levels were the

dominate nitrogen forms for all sampling terms and the salinity levels were
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suitable for Cyanobacterial growth on paddy fields with under the degree of 600

ppm, except for Buyuk Mandira location with not significant importance.

Table 6.2 Salinity, ammonium and nitrate level of water samples

Salinity (ppm) Ammonium (mg/L) Nitrate (mg/L)
Location
May | June | July May June July May June July
Enez 360 420 | 580 4.8 11.8 18.5 0.65 0.8 0.85
Ipsala 410 620 | 480 6.2 22.4 28.7 4.2 4.5 2.3
Yeni
280 470 | 510 3.2 11.2 10.3 1.2 0.7 1.4
Karpuzlu
Balabancik
510 470 | 560 7.1 26.3 21.4 0.8 3.2 1.1
Koyu
Buyuk
le' 680 810 | 690 5.3 26.5 27.2 0.25 1.3 2.6
Mandira

6.2 Isolation and Identification of Cyanobacteria

6.2.1 Purification and Selection of Nitrogen-Fixing Cyanobacteria

The nitrogen-fixing Cyanobacteria which were collected from paddy fields,

selected and identified in family level by microscope imaging after the purification

process, which based on morphological characteristics by classification key [110],

as shown in Table 6.3:

Table 6.3 Classification of selected isolates based on microscope images (x40)

Nostocaceae

Ipsala

29-30 July
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Nostocaceae | Balabancik Koyu | 07-09 June
Nostocaceae Enez 29-30 July
Rivulariaceae Ipsala 29-30 July
Rivulariaceae Enez 19-21 June
Nostocaceae Yeni Karpuzlu 19-21 June
Nostocaceae | Balabancik Koyu | 19-21 June
Nostocaceae | Balabancik Koyu | 29-30 July
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Nostocaceae Ipsala 07-09 June

Nostocaceae Enez 19-21 June
Rivulariaceae | Yeni Karpuzlu 21 May
Rivulariaceae | Yeni Karpuzlu 21 May

The selection of nitrogen-fixing Cyanobacteria from Istanbul Medeniyet University
culture collection has been carried out on plates of the BG11/BG11-N medium
(Fig. 6.1). BG11 (+), BG11-N (-N), and BG11-NP (-N-P) media tried to enhance
PHB production (Table 6.4). Also, Z8 and Z8-N medium have been compared for
the growth of all Cyanobacterium, too (Fig. 6.2). After all observations, we
investigate that is the best medium for both Cyanobacterial growth and selection

is BG11-N.
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Figure 6.1 Selection of isolates on BG11 (Left side) and BG11-N (Right side)

media in the same two-sided Petri dish

Figure 6.2 Growing rate on BG11-N, Z8-N, and Z8 media respectively
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Table 6.4 BG11 (+), BG11-N (-N), and BG11-NP (-N-P) medium trial

Species Name*

Species from Edirne paddy fields

Nostoc sp. IMUO2

Cylindrospermum sp.
IMUO4

Cylindrospermum sp.
IMUOS

Calothrix sp. IMUO9

Calothrix sp. IMU10

Nostoc sp. IMU11

Nostoc sp. IMU13

Nostoc sp. IMU15

Anabaena sp. IMU18

Nostoc sp. IMUO19

Calothrix sp. IMU21
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Calothrix sp. IMU22

IMU culture library species

Nostoc sp. IMU1

Mastigocladus sp.
IMU2

Chlorogloeopsis sp.
IMU3

Nodosilinea sp. IMU5

\Anabaena variabilis
sp. IMU8

Nodularia sp. IMU17

Nostoc sp. IMU19

Nostoc sp. IMU20

Microchaete sp.
IMU22

Anabaenopsis sp.
IMU23

Trichormus sp. IMU26
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Anabaena sp. IMU30 | & .

*Named after identification

6.2.2 Genetic Identification of Nitrogen-Fixing Cyanobacteria

Genomic DNA is extracted from Cyanobacterial species by the phenol-chloroform

method and the concentration of the DNA measured by nanodrop (Table 6.5).

Before PCR performing DNA amplification from genomic DNA containing a partial
16S ribosomal RNA region for Cyanobacterial species, all primers (Table 6.6) tried
to find the best PCR products. With this aim, two species were chosen one from
Nostoc, one from Calothrix species, and six primer groups were selected as pA-
B23S (P1+2), pA-B23S-16S545R (P1+2+5), CYA108F- CYA16S SCYR( P3+4),
CYA359F- CYA781R (P6+7), 27F- 27FR (P8+9), and 27F- 809R (P8+10) (Fig.
6.3). After PCR, two primer couples had shown the best bands for both species,
which were CYA359F-CYA781R (P6+7) and 27F-809R (P8+10) primer couples.
Also, CYA108F- CYA16S SCYR (P3+4) primer couples were worked for both
species, but with the low band quality for especially Calothrixspecies besides these
primes gave bands more than one for Nostoc species. CYA359F-CYA781R gave
200 bp (base pair) and 27F-809R gave 400 bp after PCR. 27F (Forward 27 :
(AGAGTTTGATCMTGGCTC) and 809R (Reverse 809

(GCTTCGGCACGGCTCGGGTCGATA)) primer couples were selected for the
ability of amplification more base pairs which can help to investigate the genome

of Cyanobacteria species more detailed.
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Table 6.5 Nanodrop measurements

Species Name* ng/ul 260,280
Nostoc sp. IMUO2 79.05 2.08
Cylindrospermum sp. IMUO4 32.73 1.68
9 Cylindrospermum sp. IMUO5 10.38 1.39
§ Calothrix sp. IMUO9 83.04 1.64
§ Calothrix sp. IMU10 04.77 1.73
.g Nostoc sp. IMU11 42.54 1.85
E Nostoc sp. IMU13 99.62 2.01
§ Nostoc sp. IMU15 98.75 1.40
'g Anabaena sp. IMU18 80.64 2.05
& Nostoc sp. IMUO19 72.12 2.07
Calothrix sp. IMU21 20.26 1.93
Calothrix sp. IMU22 66.83 2.03
Nostoc sp. IMU1 10.01 1.59
Mastigocladus sp. IMU2 37.03 2.46
Chlorogloeopsis sp. IMU3 47.48 1.67
~§ Nodosilinea sp. IMU5 46.09 2.19
é)* Anabaena variabilis sp. IMUS8 67.74 1.95
§ Nodularia sp. IMU17 28.60 1.79
g Nostoc sp. IMU19 15.93 1.93
% Nostoc sp. IMU20 52.66 1.94
% Microchaete sp. IMU22 32.73 1.97
Anabaenopsis sp. IMU23 30.92 1.68
Trichormus sp. IMU26 32.08 2.26
Anabaena sp. IMU30 48.61 1.60
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Table 6.6 Primer order

Number 1 2 3 4 5 6 7 8 9 10
. o ov} @) @) = @) @) N N o
Primer

> IE 558|558 3|83
%] = - a1 w N ~ -

o o P a %)

%) 7)) U1 O —_

¥ m - " =

@)

Nostoc sp. Calothrix sp.

500bp—
*400bp—
300/311bp —

* 200bp —

100bp _

Figure 6.3 Selection of best primers on gel electrophoresis image

The extracted genomic DNA of Cyanobacteria species by the phenol-chloroform
method was used for PCR amplification by using the 27F and 809R primers, then

gel electrophoresis was employed (Fig 6.4).
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Edirne paddy rice field species IMU culture library species

Calothrix sp. IMU09

Nostoc sp. IMU15

%

=1

=]
%
&

Nostoc sp. IMU19
Nostoc sp. IMU20
Microchaete sp. IMU22

500bp—
*400bp—

300/311bp_ L e v \.-WO
200bp —

100bp_

Figure 6.4 Gel electrophoresis image of Cyanobacteria species

*Named after identification

After amplification, 16S rRNAs of Cyanobacteria and 27F-809R primers were sent
to  Sentromer DNA  technology limited company (©2009-2020

https://www.sentromer.com/) for Sanger sequence analysis. Results investigated

on Chromas v2.6.4 and the nucleotide sequences were analyzed on the NCBI
database. As a final point, BLASTn search

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) results were used for the identification.

Genomic and morphologic information results of diazotrophic Cyanobacteria were

summarized in the following Table 6.7:
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Table 6.7 Genomic and morphologic information of identified Cyanobacteria

) s\

Name/Family: Nostoc sp. IMUO2 / Nostocaceae Name/Family: Cylindrospermum sp. IMUO4 / Nostocaceae
Location: Ipsala Paddy Field / 40.9557680 N 26.4117180 E Location: Balabancik Koyu Paddy Field / 41.0402400 N
26.4005100 E
. Muhammad Haddad, Tugba Dayioglu, Turgay Cakmak, . Muhammad Haddad, Tugba Dayioglu, Turgay Cakmak,

Harvester: Zeynep Elibol Cakmak Harvester: Zeynep Elibol Cakmak

Harvesting 29-30 July 2017 Harvesting 07-09 June 2017

date: date:

Sequence GAATCTWKCTTCAGGTCSGGGATAACTACTGGAAACG Sequence KCTGGCTTCMGGTCGGGGACAACAGTTGGAAACGACT

info: GTGGCTWATACCGGATGTGCCGAAAGGTGAAAGGYT info: GCTAATACCGGATATGCCGAGAGGTGAAAGATTAATT
WGCTGCCTGAAGATGARCTCGCGTCTGATTAGCTAGT GCCTGGAGATGARCTCGCGTCTGATTAGCTAGTTGGT
TGGTGTGGTAAGAGCGCACCAAGGCGACSATCAGTAR GGGGTAAGARCCTACCAAGGSGACGATCAGTAGCTGG
CTGGTCTGARAGGATGATCAGCCACACTGGGACTGAR TCTGARAGGATGATCAGCCMCACTGGGACTGARACAC
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGG GGCCCARACTCCTACGGGAGGCAGCAGTGGGGAATTT
AATTTTCCGCAATGGGCGAAAGCCTGACGGARCAATA TCCSCAATGGGCGAAAGCCTGACGGARCMATACCSCG
CCGCGTGAGGGARGAAGGCTCTTGGGTTGTAAACCTC TGAGGGAGGAAGGCTCTTGGGTCGTAAACCTCTTTTC
TTTTCTCAAGGAATAASTTC TCAGGAAAAAAAAAATGACGGTACCTGAGGAATAAGC

ATCSGCTAACTCCGTG

NCBI MN649241 NeBt MN653635

Project info TAGEM/16/AR-GE/44 Project info TAGEM/16/AR-GE/44

EMBL / Gen . EMBL / Gen .

Bank No Name of the strain Homology Bank No Name of the strain Homology

JX872517.1 Nostoc spongiaeforme FACHB-130 96% KY283043.1 Cylindrospermum sp. ACSSI 043 91%

Name/Family: Cylindrospermum sp. IMUOS / Nostocaceae Name/Family: Calothrix sp. IMUO9 / Rivulariaceae
Location: Enez Paddy Field / 40.722994 N 26.093973 E Location: Ipsala Paddy Field / 40.9557680 N 26.4117180 E
. Muhammad Haddad, Tugba Dayioglu, Turgay Cakmak, . Mohammad Haddad, Tugba Dayioglu, Turgay Cakmak,
Harvester: Zeynep Elibol Cakmak Harvester: Zeynep Elibol Cakmak
Harvesting Harvesting
date: 29-30 July 2017 date: 29-30 July 2017
Sequence GAGTAACGCGTGARAATTTGGCTTCAGGTCGGGGACA Sequence TAGCTAGTTGGTGKGGTAAGARCGCACCMAGGCGAC
info: ACCACTGGAAACGGKGGCTAATACCGGATATGCCGAR info: GATCAGTAGCTGGTCTGARAGGATGATCAGCCMCACT
AGGTGAAAGGSTTGCTGCCTGAARATAARCTCGCGTC GGGACTGAGACACGGSCCAGACTCCTACGGGAGGCAG
TGATTAGCTAGTTGGTGGGGTAAGARCCTACCAAGGC CAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACG
GACSATCAGTAGCTGGTCTGARAGGATGATCAGCCMC GARCAATACCGCGTGARGGAGGAARGCTCTTGGGTTG
ACTGGGACTGARACACGGCCCARACTCCTACGGGAGG TAAACCTCTTTTCTCMR
SAGCAGTGGGGAATTTTCCSCAATGGGCGAAAGCCTG
ACGGARCAATACCGCGTGAGGGARGAAGGSTCTTGGG
TCGTAAACCTC CTCAGGGAAAAAAAAAATGACG
GTACCTGARGAAWAAGCATCGGCTAACTCCGTGCCAG
CAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGG
AATGATTGGGCGTAAAGGGTCCGCAGGTGGTACTGTA
AGTCTGCTGTTAAARAGCAAGGCTCMACCTTGTAAAA
GCGGKGGAAACTACARAA
I:ICBI MN653634 I:ICBI MN653639
Project info TAGEM/16/AR-GE/44 Project info TAGEM/16/AR-GE/44
EMBL / Gen . EMBL / Gen .
Bank No Name of the strain Homology Bank No Name of the strain Homology
AP018269.1 Cylindrospermum sp. NIES-4074 92% LC011972.1 Calothrix sp. 9-SKD-2014 95%
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Calothrix sp. IMU10 / Rivulariaceae

Name/Family: Name/Family: Nostoc sp. IMU11 / Nostocaceae
.o . . Yeni Karpuzlu Paddy Field / 40.8599640 N
Location: Enez Paddy Field / 40.722994 N 26.093973 E Location: 26.3224540 E
. Mohammad Haddad, Tugba Dayioglu, Turgay Cakmak, . Mohammad Haddad, Tugba Dayioglu, Turgay Cakmak,
Harvester: Zeynep Elibol Cakmak Harvester: Zeynep Elibol Cakmak
Harvesting 19-21 June 2017 Harvesting 19-21 June 2017
date: date:
Sequence AKSSGAKGCTTACCATGCAAGTCGAACGGTCTCTTCGG Sequence ACTGGAAACGGKGGCTAATACCRGATGTGCCRAGAGG
info: AGATAGTGGCGGACGGGTGAGTAACGCGTGAGAATCT info: TGAAAGGCTTKCTGCCTGAAGATGARCTCGCGTCTGA
AGCTCTAGGTCTGGGACAACCATTGGAAACGGTGGST TTAGCTAGTTGGTGTGGTAAGAGCSCACCARGGCSAC
AATACTGGATGTGCCGAGAGGTGAAAGGCTTGCTGCC KATCARTAKCTGGTCTGARARGATGATCASCCMCWCT
TAGAGATGAGCTTGCGTCAGATTAGCTAGTAGGTGTG GGGACTGARACACSGCCCASACTCCTACGGGAGGCMG
GTAARGGCGCACCTAGGCGACGATCTGTAGCTGGTCT CWGTGGGGAATTTTCCSCARTGGGCRAAASCCTGACR
GARAGGACGATCAGCCACACTGGAACTGARACACGGT GARCAATACCGCGT
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCC
GCAATGGGCGAAAGCCTGACGGARCAATACCGCGTGA
GGGAGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCA
AGGAAGATAATGACGGTACTTGAGGAATAAGCATCGG
CTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGAT
GCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCC
GCAGGTGGTTTAGAAAGTCTGTTGTTAAAGAGTGAGG
CTTAACCTCATAAGGGCAATGGAAACTGCTGAACTAG
AGTACGTTCGGGGCAAGGGGAATTCCCAGTGTAGCGG
TGAAATGCGTAGAGATTGGGAAGAACACCGGTGGCGA
AAGCGCCTTGCTAGGCCGTAACTGACACTGAGGGACG
AAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTA
GTCCTAGCCGTAAACGATGGATACTAGGCGTTGTCTG
TATCGACCCGAGCCGKKGCCSAARAMCAA
NCBI MK929008 NeBt MK929013
Project info TAGEM/16/AR-GE/44 Project info TAGEM/16/AR-GE/44
gl;/[:kl. lGoGen Name of the strain Homology ﬁl;/[:kl. 1\/]0Gen Name of the strain Homology
HE974991.1 Calothrix parietina CCAP 96% KX913930.1 Nostoc carneum MBDU 015 89%
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Name/Family:

Name/Family: Nostoc sp. IMU13 / Nostocaceae
. Balabancik Koyu Paddy Field / 41.0402400 N . Balabancik Koyu Paddy Field / 41.0402400 N
Location: 264005100 Location: 264005100
Mohammad Haddad, Tugba Dayioglu, Turgay Cakmak, Mohammad Haddad, Tugba Dayioglu, Turgay Cakmak,
Harvester: Zeynep Elibol Cakmak ¢ Ve g6 Harvester: Zeynep Elibol Cakmak ¢ Ve g6
Harvesting 19-21 Jun 2017 Harvesting 29-30 July 2017
date: date:
Sequence GGGTGAGTAACGCGTGAGAATCTAGCTCTAGGTCGGG Sequence TWACGCGTGAGAATCTARCTCTAGGTCGGGGACMAC
info: GACAACCACTGGAAACGGTGGCTAATACCGGATGTGC info: CACTGGAAACGGTGGCTAATACCGGATGTGCCGAAAG
CSAGAGGTAAAAGGCTTGCTGCCTARAGATGARCTCS GTGAAAGATTTATTGCCTAGARATGARCTCGCGTCYG
CGTCTGATTAGCTAGTARGTGTGGTAAGARCGCACCT ATTARCTWGTTGGKGTGGTAAGARCGCACCAAGGCG
AGGCGACGATCAGTAGCTGGTCTGARAGGATGATCAG ACGATCAGTASCTGGTCTGARARGATGAWCRGCCACA
CCACACTGGGACTGARACACGGCCCAGACTCCTACGG CTGGGACTGARACACGGCCCARACTCCTACGGGAGGY
GAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAG MGCAGTGGGGAATTTTCCGSAATGGGSGAAAGCCTGA
CCTGACGGARCAATACCGCGTGAGGGAGGAAGGCTCT CSGASCAATACCGCGTGAGGGARGAAGGSTCTTGGGK
TGGGTTGTAAACCTCTTTTCTCAGGGAATAAAAAAATG TGTAAACCTCTTTTCTCAGGGAATAAAAAAATGAAGGT
AARGTACCTGAGGAATAAGCATCGGCTAACTCCGTGC ACCTGAGGAATAAGCATCGGCTAACTCCGTGSCAGCA
CMGCAGCCSCGGTAATACGGARGATGCAAGCGTTATC GCCGCGGTAATACSGAGGATGCMAGCGTTATCCGGAA
CSGAATGATTGGGCGTAAAGGGTCCSCAGGTGGCCCT TGATTGGGCSTAAAGCGTCCGCAGGTGGCACTGTAAG
GTA TCTGCTGTTAAAGARCAAGGCTCAACCTTGTAAAGGC
AGTGGAAACTACMGARCTAGAGTACGTTCGGGGCAG
ARGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGAT
CAGGAAGAACACCGGTGGCGAAAGCGCTCTGCTAGGC
CGTAAC
I:CBI MK928973 NCBI . MN653636
Acces:
Project info TAGEM/16/AR-GE/44 Project info TAGEM/16/AR-GE/44
El;a‘g{l‘léo(;en Name of the strain Homology gl;a:l:‘ IGoGen Name of the strain Homology
AB087403.2 Nostoc sp. KUOO1 97% KX442796.1 Nostoc sp. IPPAS B-1212 94%
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Name/Family: Anabaena sp. IMU18 / Nostocaceae Name/Family: Nostoc sp. IMUO19 / Nostocaceae
Location: Ipsala Paddy Field / 40.9557680 N 26.4117180 E Location: Enez Paddy Field / 40.722994 N 26.093973 E
. Mohammad Haddad, Tugba Dayioglu, Turgay Cakmak, . Mohammad Haddad, Tugba Dayioglu, Turgay Cakmak,

Harvester: Zeynep Elibol Cakmak Harvester: Zeynep Elibol Cakmak

Harvesting 07-09 June 2017 Harvesting 19-21 June 2017

date: date:

Sequence AGTAACGCGTGAGAATCTAGCTTCAGGTCGGGGACAA Sequence CTACTGGGGTATCTAATCCCATTCGCTCCCCTARCTTT

info: CCACTGGAAACGGTGGCTAATACCGGATGTGCCGAAA info: CGTCCCTCAGCGTCAGTTACGGCCYAGTAGCACGCTT
GGTGAAARATTTATTGCCTGAAGATGARCTCGCGTCT TCSCCACCGGTGTTCTTCCTGATCTCTACGCATTTCAC
GATTAGCTAGTTGGTGTGGTAAGARCGCACCMAGGSG CGCTACACCAGGAATTCCTGCTACCCCGAACGCACTC
ACGATCAGTAGCTGGTCTGARAGGATGATCAGCCACA TAGCTCTGTAG CCACTGSTCTTATGAGGTTAAGCC
CTGGGACTGARACACGGSCCARACTCCTACSGGAGGS TCACTCTTTAACAGCAGAMTTACAGGGCCACCTGSGG
AGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGA ACCCTTTACGCCCAATCATTCCGGAWAACGCTTGSAT
CGGARCAATACCGCGTGAGGGAGGAAGGSTCTTGGGT CCTCCGTATTACCGCGGCTGCTGGSACGGAGTTAGCC
TGTAAACCTCTTTTCTCAGGGAATAAAAAAATGAARGT GAWGCTTATTCCTCAGGTACCTTCATTTTTTTATTCCC
ACCTGARGAATAAGCATCGGCTAACTCCSTGCCMGCA TGARAAAARAGGTTTACAACCCAARARCCTTCCYCCCY
GCCGCGGTAATACGGARGATGCAAGCGTTATCCGGAA CACGCGGTATTGCTCCGTCAGGSTTTCSCCCATTGSGG
TGATTGGGCGTAAAGCGTCCGCAGGTGGCACTGTAAG AAAATTCCCCACTGSTGCCTCCCGTAGGARTCTGGGC
TCTGCTGTTAAAGARCAAGGCTCAACCTTGTAAAGGC CGKGTCTCAGTCCCAG
AGTGGAAACTACAGARCTAGAGTACGTTCGGGGCAGA
GGGAATTCCTGGTGTARCGGTGAAATGCGTAAARATC
ARGAAGAACACCGGTGGCGAAAGCGCTCTGCTAGGCC
GTAACTGA

I:ICBI . MK929012 I:ICBI MN866121

sion

Project info TAGEM/16/AR-GE/44 Project info TAGEM/16/AR-GE/44

EMBL / Gen . EMBL / Gen .

Bank No Name of the strain Homology Bank No Name of the strain Homology

AP018216.1 Anabaena variabilis NIES-23 96% AM711525.1 Nostoc sp. PCC 8976 95%

...7
/\

Calothrix sp. IMU21 / Rivulariaceae

Name/Family: Name/Family: Calothrix sp. IMU22 / Rivulariaceae
Location: Yeni Karpuzlu Paddy Field / 40.8599640 N Location: Yeni Karpuzlu Paddy Field / 40.8599640 N
: 26.3224540 E ) 26.3224540 E
. Mohammad Haddad, Tugba Dayioglu, Turgay Cakmak, . Mohammad Haddad, Tugba Dayioglu, Turgay Cakmak,

Harvester: Zeynep Elibol Cakmak Harvester: Zeynep Elibol Cakmak

Harvesting Harvesting

date: 21 May 2017 date: 21 May 2017

Sequence TTGGAAACGGYGGCTAATACYGGATGTGCCKAGAGGT Sequence TAACGCGTGAGAATCTGTMTTCAGGTCGGGGACAACA

info: RAAAGGYTTGCTGCCTGAAGATKAGCTCSCGTCTGATT info: RTTRGAAATGACTGCTAATACCGGATGTGCCSAAAGG
ARCTAGTWGGWGTGGTAASAGCGCACCTAGGCGACG TGAAAGATTTATTGCCTGAATTTGAGCTCGCGTCMGA
ATCWGTASCTGGTCTGARAGGATGAYCAGSCACACTG TTAGCTAGTWGGTGGKGTAAGARACTACCTAGGCATC
GGACTGAGACACGGYCCAGACTCCTACGGGAGGCAGC GATCTGTAGCTGGTCTGARAGGACGATCAGCCACACT
AGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGG GGRACTGARACACGGTCCAGACTCCTACGGGAGGSAG
ARCAATACCSCGTGAGGGAGGAAGGSTYTTGGGTTGT CAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACG
AAACCYC ‘CTCASGGAATAAKTTCTGAAGGTACCT GARCAATACCGCGTGAGGGACGAAGGCYYTTGGGTYG
GARGAATCMGCATCGGCTAACTCCGTGCCAGCAGCCG TAAACCTC CTCAAGGAAGAWTTWSACRGKRCTT
CGGTAATACSGAGGATGCMAGCGTTATCCGGAATGAT GAGGAAWAAGCATCGGCTAAMTCTGTGCCMGCAGCC
TGGGCGTAAAGCGTCCGCAGGTGGYYWWKAAAGTCT SCGGTAATACAGAGGATGCRMGCGTTWTCCSGAATG
GCTGTTAAAGAGTGAGGCTTAACCTCATAAARGCAGT ATTGGGCGTAAARCGTCCSCASGTGGTTTTWAAARTC
GGAAACTACATGARCTAGAGTGCGGTCGGGGYAGARG TGCTGTTWAAGCGTGTGGCTCAACCMCMTACAGGSG
GAATTCCYGGTGTAGCGGTGAAATGCGTAGAKATYRG GTGGAAACTATRAGACTAGAGTATGTTAKGGGGTAGA
GAAGAACACCRGTGGCGAAAGCGCTYTRCTRGGYCKS GGGAATTCYCMGTGTAGCGGTGAAATGCGTAGAGATT
MACTGACACTGAGGGACGAAAGCTAGGGGAGCGAAT GGGAARAAMACCGGTGGCGAAAGCGCTCTGCTA
GGGATTAGATACCCC

NCEI MN865212 NCBI MN865214

A Accession

Project info TAGEM/16/AR-GE/44 Project info TAGEM/16/AR-GE/44

EMBL / Gen . EMBL / Gen .

Bank No Name of the strain Homology Bank No Name of the strain Homology

KM019924.1 Calothrix membranacea SAG1410-1 | 90% FJ661021.1 Calothrix sp. PCC 7103 isolate 91%

DBSU 2
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https://www.ncbi.nlm.nih.gov/nuccore/MK929012
https://www.ncbi.nlm.nih.gov/nuccore/MN866121
https://www.ncbi.nlm.nih.gov/nuccore/MN865212
https://www.ncbi.nlm.nih.gov/nuccore/MN865214

P oo

Name/Family: Nostocsp. IMU1 / Nostocaceae Name/Family: Mastigocladus sp. IMU2 / Hapalosiphonaceae
Location: Aygir Lake-Suphan / 38.838416 N 42.822410 E Location: Meliksah Hot spring / 40.164102 N 32.944384 E
Harvester: Turgay Cakmak, Zeynep Elibol Cakmak Harvester: Turgay Gakmak, Zeynep Elibol Cakmak
;l:tr;es““g May 2014 g:t": esting June 2017
Sequence AGTGGCGGACGGGTGARTAACGCGTGAGAATCTARCT Sequence TAACGCGTGAGAATCTAACTTCMGGTTCGGGACAAC
info: TCAGGTCGGGGATAACTACTGGAAACGGTGGCTAATA info: MTTGGGAAACCGATGCTAATACCGGAWGTGCCGTGA
CCGGATGTGCCGAAAGGTAAAAGGCTTGCTGCCTGAA GGTGAAAGGCTTGCTGCCTGAAATGARCTCGCGTCTG
GATGARCTCGCGTCTGATTAGCTAGTTGGTGTGGTAA ATTARCTAGTTGGTAGTGTAAGGGACTACCAAGGCGA
GAGCGCACCAAGGCGTCSATCAGTAGCTGGTCTGARA CSATCATARCTGGTCTGARAGGATGATCAGCCMCMCT
GGATGATCAGCCACACTGGGACTGARACACGGCCCAR GGAACTGARACACSGTCCAGACTCCTACGGGAGGCAG
ACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAA CAGTGGGGAATTTTCCSCAATGGGCGAAAGCCTGACG
TGGGCGAAAGCCTGACGGARCAATACCGCGTGAGGG GARCAATACCGCSTGAGGGARGAAGGCTCTTGGGTTG
AGGAAGGCTCTTGGGTTGTAAACCTCTTTTCTCAAGG TAAACCTCTTTTCTCA
AATAAAAAAATGAAGGKACTTGAGGAATAAGCATCGG
CTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGAT
GCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCC
GCAGGKGGCGATGTAAGTCTGCTGTTAAAGAGCAAAG
CTTAACTTTGTAAAAGCAGTGGAAACTACATAGCTAG
AGTACGTTCGGGGCARARGGAATTCCTGGTGTAGCGG
TGAAATGCGTARAGATCAGGAAGAACACCGGTGGCGA
ARGCGCTCTGCTAGGCCGTAACTGACACTGAGGGACG
AAAGCTAGGGGA
NCBI MK929009 NCBI . MN865220
A Acces

Project info

TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44

Project info

TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44

EMBL / Gen . EMBL / Gen ]
Bank No Name of the strain Homology Bank No Name of the strain Homology
CP003548.1 Nostoc sp. PCC 7107 98% KM376998.1 Mastigocladus laminosus PUPCCC 94%

515.6

Chlorogloeopsis sp. IMU3 / Chlorogloeopsidaceae

Name/Family: Name/Family: Nodosilinea sp. IMUS / Prochlorotrichaceae

Location: Dutlu Hot spring 40.153854 N 31.904695 E Location: Malikoy Hot spring 39.763197 N 32.390247 E

Harvester: Turgay Cakmak, Zeynep Elibol Cakmak Harvester: Turgay Gakmak, Zeynep Elibol Cakmak

Harvesting Jun 2017 Harvesting June 2017

date: date:

Sequence TAACGSGTGAGAATCTARCTTCAGGTCSGGGACMACC Sequence CTACAGGGGTATCTAATCCCTTTCGCTCCCCTAGCTTT

info: ACTGGAAACGGTGGCTAATACCGGATGTGCCGAAAGG | info: CGTCCCTCAGCGTCAGTTGTGGCCCAGTAGAGCGCCT
TGAAAGATTTATTGCCTGAAGATGARCTCGCGTCTGA TCGCCACTGGTGTTCTTCCCGATATCTACGCATTTCAC
TTAGCTAGTAGGTGTGGTAAGAGCGCACCTAGGCGAC CGCTACACCGGGAATTCCCTCTACCCCTACCACACTCA
GATCAGTAGCTGGTCTGARAGGATGATCAGCCACACT AGTTCCCCAGTTTCCATTGSCGATCCACAGTTGARCTG
GGGACTGARACACGGCCCAGACTCCTACGGGAGGCAG TGACCTTTGACAACAGACTTAARAAACCGCCTGSGGA
CAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACG CGCTTTACGCCCAATAATTCCGGAWAACGCTTGSCTC
GARCAATACCGCGTGAGGGAGGAAGGSTCTTGGGTTG CTCCGTCTTACCGCGGCTGCTGGCACGGAGTTAGCCG
TAAACCTCTTTTCTCAGGGAATAAAAAAATGAAGGTAC AGGCTTATTCCTCTGGKACCGTCAGTTCTTCTTCCCAG
CTGAGGAATAAGCATCGGCTAACTCCGTGCCAGCAGC ARAAAARAGGTTTACAACCCTAAGGSCTTCCTCCCTCA
CGCGGTAATACGGARGATGCAAGCGTTATCCGGAATG CGCGGCGTTGCTCCGTCAGGSTTGSGCCCATTGSGGA
ATTGGGCGTAAAGGGTCCGCAGGTGGCAATGTAAGTC AAATTCCCCACTGCTGCCTCCCGTARGARTCTGGGCC
TGCTGTTAAAGAATGAGGCTCAACCTCATACCAGCAG GTGTCTCARTCCCAGTGTGGSTGAWCATCCTCTTARA
TGGAAACTACATAGCTAGAGTGCGTTCGGGGTAGARG CCAGCTACTGATCGTCGCCTTGGTGAGCCCTTACCTC
GAATTYCTGGTGTAGCGGTGAAATGCGTAGATATCAG ACCAACTARCTAATCAGAMGCGAGTTCATCCTCAGGS
GAAGAACACCGGTGGCGAAAGCGCTCTACTAGGCCGC CATAAATGTTTCACCTCTCGGCACATTGGGTATTARCC
AACTGACACTGAGGGACGAAAGCTAGGGGA ACCGTTTCCMGTGGKTGKCCCC

NEBI MN865249 NCBI MN865219

Accession

Project info

TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44

Project info

TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44

EMBL / Gen . EMBL / Gen N
Bank No Name of the strain Homology Bank No Name of the strain Homology
JN166685.1 Chlorogloeopsis sp. GSP606-1 97% KF246481.1 Nodosilinea sp. CENA512 95%
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https://www.ncbi.nlm.nih.gov/nuccore/MK929009
https://www.ncbi.nlm.nih.gov/nuccore/MN865220
https://www.ncbi.nlm.nih.gov/nuccore/MN865249
https://www.ncbi.nlm.nih.gov/nuccore/MN865219

el CP)

e o

Name/Family: Anabaena variabilis sp. IMU8 / Nostocaceae Name/Family: Nodularia sp. IMU17 / Aphanizomenonaceae

Location: Hidirlar Hot spring / 39.839879 N 27.160581 E Location: Hidirlar Hot spring / 39.839879 N 27.160581 E

Harvester: Turgay Cakmak, Zeynep Elibol Cakmak Harvester: Turgay Gakmak, Zeynep Elibol Cakmak

Harvesting Jun 2017 Harvesting Jun 2017

date: date:

Sequence GGGTGARTAACGCGTGAGAATCTACATTYAGGTCGGG Sequence GGGTGAGTAACGCGTGAGAATCTGGCTTCAGGTCGGG

info: GACAACCACTGGAAACGGTGGCTAATACCGGATGTGC info: GACAACCACTGGAAACGGTGGCTAATACCGGATATGC
CGAGAGGTAAAAGGSTTGCCGCCTGARAATGAGCTCG CGAGAGGTGAAAGATTAATTGCCTGAAGATGAGCTCG
CGTCTGATTAGCTAGTTGGGGGTGTAAGARACCACCA CGTCTGATTAGCTAGTTGGGAGTGTAAGARACTACCA
AGGCGACGATCAGTAGCTGGTCTGARAGGATGATCAG AGGSGACGATCAGTAGCTGGTCTGARAGGATGATCAG
CCACACTGGGACTGARACACGGCCCAGACTCCTACGG CCACACTGGGACTGARACACGGCCCAGACTCCTACGG
GAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAG GAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGAAAG
CCTGACGGARCAATACCGCGTGAGGGAGGAAGGSTCT CCTGACGGARCAATACCGCGTGAGGGAGGAAGGCTCT
TGGGTTGTAAACCTCTTTTCTCAGGGAAGAAAAAAAT TGGGTTGTAAACCTCTTTTCTCAAGGAAGAAAAAAAT
GACGGTACCTGAGGAATAAGCATCGGCTAACTCCGTG GACGGTACTTGAGGAATAAGCATCGGCTAACTCCGTG
CCAGCAGCCGCGGTAATACGGARGATGCAAGCGTTAT CCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTAT
CCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCAC CCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCTG
TGTAAGTCTGCTGTCAAARARCAAGGSTCAACCTTGTA TGAAAGTCTGCTGTTAAAGAATGAGGCTCAACCTCAT
AAGGCAGTGGAAACTACAGAGCTAGAGTACGTTCGGG CAGARCAGTGGAAACTACACGGCTAGAGTGCGTTCGG
GCAGAAGGAATTCCTGGTGTAGCGGTGAAATGCGTAG GGTAGAGGGAATTCCTGGTGTAGCGGTGAAATGCGTA
AGATCAGGAAGAACACCGGTGGCGAAAGCGTTCTGCT GATATCAGGAAGAACACCGGTGGCGAAGGCGCTCTAC
AGGCCTGTACTGACACTGAGGGACGAAAGCTAGGGGA TAGGCCGCAACTGACACTGAGGGACGAAAGCTAGGG
GCGAATGGGATTAGATACCCC GAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCG

TAAACGATGGATACTA
NCBI MK928972 NCBI MN595301
sion

Project info

TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44

Project info

TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44

EMBL / Gen . EMBL / Gen .

Bank No Name of the strain Homology Bank No Name of the strain Homology

AY274616.1 Anabaena variabilis CIBNOR 23 97% DQ185231.1 Nodulatia harveyana Huebel 96%

1983/300
a3 . % :
{5 \

Name/Family: Nostoc sp. IMU19 / Nostocaceae Name/Family: Nostoc sp. IMU20 / Nostocaceae

Location: Kizilcahamam Hot spring / 40.469602 N 32.638608 E Location: Kizilcahamam Hot spring / 40.469602 N 32.638608 E

Harvester: Turgay Cakmak, Zeynep Elibol Cakmak Harvester: Turgay Cakmak, Zeynep Elibol Cakmak

Harvesting Jun 2017 Harvesting Jun 2017

date: date:

Sequence AGTAACGCGTGAGAATCTAGCTTCAGGTCGGGGACAA Sequence ACTTAGGTACTTAGTGGCGGACGGGTGAGTAACGCGT

info: CCACTGGAAACGGTGGCTAATACCGGATGTGCCGAAA info: GAGAATCTGGCTTCAGGTCGGGGACAACCACTGGAAA
GGTGAAAGATTTATTGCCTGAAGATGARCTCSCGTCT CGGTGGCTAATACCGGATGTGCCGCAAGGTAAAAGGC
GATTAGCTAGTAGGTGTGGTAAGARCGCACCTAGGCG TTGCCGCCTGAAGATGARCTCGCGTCTGATTAGCTAG
ACGATCAGTAGCTGGTCTGARAGGATGATCAGCCACA TAGGKGGGGTAAAAGCCTACCTAGGCGACGATCAGTA
CTGGGACTGARACACGGCCCARACTCCTACGGGAGGC GCTGGTCTGARAGGATGATCAGCCACACTGGGACTGA
AGCAGTGGGGAATTTTCCSCAATGGGCGAAAGCCTGA RACACGGCCCARACTCCTACGGGAGGCAGCAGTGGGG
CGGARCAATACCGCGTGAGGGAGGAAGGCTCTTGGGT AATTTTCCGCAATGGGCGAAAGCCTGACGGARCAATA
TGTAAACCTCTTTTCTCAGGGAATAAAAAAATGAAGGT CCGCGTGAGGGAGGAAGGSTCTTGGGTTGTAAACCTC
ACCTGARGAATAAGCATCGGCTAACTCCGTGSCAGCA TTTTCTCAGGGAAGAACACAATGACGGTACCTGAGGA
GCCGCGGTAATACGGARGATGCAAGCGTTATCCGGAA ATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTA
TGATTGGGCGTAAAGGGTCCGCAGGTGGCAATGTAAG ATACGGAGGATGCAAGCGTTATCCGGAATGATTGGGC
TCTGCTGTTAAAGAATGAGGCTCAACCTCATACCAGC GTAAAGCGTCCGCAGGTGGCTATGTAAGTCTGCTGTT
AGTGGAAACTACATAGCTWGAGTGCGTTCGGGGTAG AAAGAGTGAGGCTCAACCTCATAAGARCAGTGGAAAC
AGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGATAT TACATGGCTAGAGTGCGTTCGGGGTAGAGGGAATTCC
CAGGAAGAACACCGGTGGCGAAAGCGCTCTACTAGGC TGGTGTAGCGGTGAAATGCGTAGATATCARGAAGAAC
CGCAACTGACACTGAGGGACGAAAGCTAGGGGAGCG ACCGGTGGCGAAAGCGCTCTGCTAGGCCGCAACTGAC
AATGGGATT ACTGAGGGACGAAAGCTAGGGGAGCGAATGGGA

NCBI MN865246 NCBI . MN865215

A Accession

Project info TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44 Project info TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44

EMBL / Gen . EMBL / Gen .

Bank No Name of the strain Homology Bank No Name of the strain Homology

AP018180.1 Nostoc carneum NIES-2107 97% JQ070066.1 Nostoc punctiforme UAM 393 99%
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https://www.ncbi.nlm.nih.gov/nuccore/MK928972
https://www.ncbi.nlm.nih.gov/nuccore/MN595301
https://www.ncbi.nlm.nih.gov/nuccore/MN865246
https://www.ncbi.nlm.nih.gov/nuccore/MN865215

TS / . PPy

Name/Family: Microchaete sp. IMU22 / Rivulariaceae Name/Family: Anabaenopsis sp. IMU23 / Aphanizomenonaceae

Location: Beypazari Hot spring / 40.065153 N 32.048973 E Location: Dutlu Hot spring / 40.153854 N 31.904695 E

Harvester: Turgay Cakmak, Zeynep Elibol Cakmak Harvester: Turgay Gakmak, Zeynep Elibol Cakmak

Harvesting Jun 2017 Harvesting Jun 2017

date: date:

Sequence AGTGGCGGACGGGTGAGTAACGCGTGAGAATCTAGCT | Sequence CGGGGACMACCACGGGAAACGGTGGCTAATACCGGA

info: CTTGGTCGGGGACAACAGTTGGAAACGACTGCTAATA info: TATGCCGAAAGGTGAAAGGCTARCTGCCTGAAGATGA
CCGGATGTGCCGGAAGGTGAAAGATTTATTGCCAAGA RCTCSCGTCTGATTARCTARTTGGTAGAGTAAGARCCT
RATGAGCTCGCGTCTGATTAGCTAGTAGGTGTGGTAA ACCMAGGSGACGATCAGTAGCTGGTCTGARAGGATGA
GAGCGCACCTAGGCGACGATCAGTAGCTGGTCTGARA TCAGCCACACTGGGACTGARACACGGCCCAGACTCCT
GGATGATCAGCCACACTGGGACTGARACACGGCCCAG ACGGGAGGCAGCAGTGGGGAATTTTCCSCMATGGGC
ACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAA GAAASCCTGACGGAGCAATACCSCGTGAGGGAGGAAG
TGGGCGAAAGCCTGACGGARCAATACCGCGTGAGGG GSTCTTGGGTTGTAAACCTCTTTTCTCMAGGAAGAAA
AGGAAGGSTCTTGGGTCGTAAACCTCTTTTCTCAGGG AAAATGACGGTACTTGAGGAATAAGCATCSGCTAACT
AAGAATCAAGTGACGGTACCTGAGGAATAAGCATCGG CCGTGSCAGCAGCCGCGGKAATACGGAGGATGCAAGC
CTAACTCCGTGCCAGCMGCCGCGGTAATACGGAGGAT GTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGT
GCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCC GGCTGTGTAAGTCTGCTGTTAAAGAATGAGGCTCAAC
GCAGGTGGCTGTGTAAGTCTGCTGTTAAAGAATGAGG CTCATCAAAGCRGTGGAAACTACACSGSTAGAGTGCG
CTCAACCTCMTCAAAGCAGTGGAAACTACACGGCTAG TTCGGGGTARAGGGAATTCCTGGTGTAGCGGTGAAAT
AGTGSGTTYGGGGCAGARGGAATTCCTGGKGTARCGG GCGTAGATATCAGGAAGAACACCGGTGGCGAAAGCGC
TGAAATGCGTAGAGATCARGAAGAACACCGGTGGCGA TCTGCTAGGCCGC
AAGCGCTCTGCTAGGCCGCAACTGACACTGARGGAMA
AAAGCTAGGGGA

NCBI MN866117 NCBI MN595301

sion

Project info TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44 Project info TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44

EI;/II::(LIGOGen Name of the strain Homology g];/[:lf léoGen Name of the strain Homology

KX458494.1 Microchaetaceae CENA550 97% AM773302.1 Anabaenopsis cf. AB2002/25 94%

. oz " R
R B e S S

Name/Family: Trichormus sp. IMU26 / Nostocaceae Name/Family: Anabaena sp. IMU30 / Nostocaceae
. Malikoy Uyuz Thermal spring / 39.763197 N . Kizilcahamam Thermal spring / 40.469602 N
Location: 32.3903]2473’1]13 pring Location: 39.638608 E. pring
Harvester: Turgay Cakmak, Zeynep Elibol Cakmak Harvester: Turgay Gakmak, Zeynep Elibol Cakmak
Harvesting Jun 2017 Harvesting Jun 2017
date: date:
Sequence GGATTTAGTGGCGGACGGGTGAGTAACGCSTGAGAAT Sequence GACGGGTGAGTAACGCGTGAGAATCTACATTYAGGTC
info: CTGGCTTCAGGTCTGGGACAACCACTGGRRRCGGKGG | info: GGGGACAACCACTGGAAACGGTGGCTAATACCGGATG
CTAATACCGGATGTGCCSAGAGGTGAAAGGCTTGCTG TGCCGAGAGGTAAAAGGCTTGCCGCCTGARAATGAGC
CCTGAAGATGARCTTGCGTCTGATTAGCTAGTTGGTG TCGCGTCTGATTAGCTAGTTGGGGGTGTAAGARACCA
GGGTAAGAGCCTACCAAGGCGACGATCARTARCTGGT CCAAGGCGACGATCAGTAGCTGGTCTGARAGGATGAT
CTGARAGGATGATCAGCCMCACTGGGACTGARACAC CAGCCACACTGGGACTGARACACGGCCCARACTCCTA
CGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCG
AAAGCCTGACGGARCAATACCGCGTGAGGGAGGAAG
GSTCTTGGGTTGTAAACCTCTTTTCTCAGGGAAGAAAA
AAATGACGGTACCTGAGGAATAAGCATCGGCTAACTC
CGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCG
TTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTG
GCACTGTAAGTCTGCTGTCAAARARCAAGGSTCAACC
TTGTAAAGGCAGTGGAAACTACAGARCTAGAGTACGT
TCGGGGCAGAAGGAATTCCTGGTGTAGCGGTGAAATG
SGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGTT
CTGCTAGGCCTGTACTGACACTGAGGGACGAAAGCTA
GGGGAGCGAATGGGATTAGATACCCC
I:ICBI MK929011 ECBI . MN866122
); ccession
Project info TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44 Project info TAGEM/12/AR-GE/13 - TAGEM/16/AR-GE/44
El;/[l:(l.léoGen Name of the strain Homology ET:I:‘ léoGen Name of the strain Homology
KY807532.1 Trich o, . o
richormus sp. MACC 643 95% AY274616.1 Anabaena variabilis CIBNOR 23 97%

99


https://www.ncbi.nlm.nih.gov/nuccore/MN866117
https://www.ncbi.nlm.nih.gov/nuccore/MN595301
https://www.ncbi.nlm.nih.gov/nuccore/MK929011
https://www.ncbi.nlm.nih.gov/nuccore/MN866122

6.3 Effect of Inoculum

The Cyanobacteria species used in this study were all diazotrophic species with
good growth ability in BG11-N medium. Thus, the Cyanobacteria species which
were used in this study could be considered as acclimated to nitrogen deprivation
for 20 months since the progress and used as the experimental reference for PHB

production [111].

6.4 Screening and Selecting the Best PHB Producer Cyanobacteria

Species

Cyanobacterial species were incubated in BG11-N (control), and BG11-NP
medium for investigating the effect of nitrogen and phosphorous, and enhancing
PHB production. Light microscope imagining, Sudan black B measurement, FTIR,

chlorophyll-a, carotenoid, and phycobiliprotein analysis have been performed.

Light microscope imagining showed that there was not a big morphologically
difference of cells, which grew in BG11-N and BG11-NP media (Table 6.7). Also,

from the images of flasks growth of the species observed qualitatively (Table 6.7).

PHB production capacities have been measured by using Sudan black-B dye and
FTIR. Qualitative analyses of PHB have been imagined by the Sudan black B dye
method with the solubility of the dye in lipids and PHB granules, which observed

as black dots in the cells by light microscope imagining (Table 6.8).

Table 6.8 Images of Cyanobacteria in BG11-N and BG11-NP medium
*The width of each picture of cells 50um, Sudan Black B stained cells 20pm

Culture Images |Light Microscope Images| Sudan Black B stained | Sudan Black B stained
(10th Day) (10th Day) cells (5th Day) cells (10th Day)
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6.4.1 Quantitative Analyzes of PHB

6.4.1.1 Sudan Black B Measurements

PHB analyzes by the Sudan black B method were performed on A670 by UV
measurements. With this aim, the first calibration curve (Fig. 6.5) was obtained
to calculate PHB content (Fig. 6.6). The value of R2 showed low reliability with
the number of 0.8209, which was expected to be around 0.98 (should be closer to
1) due to curves after A0.6-1000 pg/ml. As a result, the parameters above the UV
absorbance A0.6 and PHB content above than 1000 pg/ml was accepted not
trustable due to Sudan black B calibration curve which means the values of PHB
content (Fig. 6.6) between 1000-3700 ug/ml may not show a critical difference.

Also, error bars of PHB content (Fig. 6.6) indicate low reliability.

3

2 y = 0.0007x - 0.0139
R? = 0.8209

0 500 1000 1500 2000
PHB pg/ml

Agzonm
-

Figure 6.5 Sudan black B method PHB calibration curve
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Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUOS -N
Cylindrospermum sp. IMUQS -NP
Calothrix sp. IMUOQ9 -N

Calothrix sp. IMUO9 -NP
Calothrix sp. IMU10 -N

Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP

Anabaena sp. IMU18 -N

ug/ml

—
%

Anabaena sp. IMU18 -NP _—E—i

Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP
Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMU5 -N
Nodosilinea sp. IMU5 -NP
Anabaena variabilis sp. IMU8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
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Figure 6.6 PHB content of Cyanobacteria species by Sudan black B method
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6.4.1.2 FTIR Measurements

FTIR analysis was performed to select the best PHB producer Cyanobacteria by
measuring transmissions at 1720 cm™ (Fig. 6.7), 1735 cm™ (Fig. 6.8), and their
ratio to 1652 cm™ (amide I band) (Fig. 6.9,10) separately. The two bands at 1720
cm”, 1735 cm™ were not showed any significant diversity from each other owing
to their close numbered values as expected. Single-band measurements gave the
best PHB producer Cyanobacteria, which were Nostoc sp. IMU11 and Calothrix
sp. IMU10. On the other hand, when results of peaks normalization by amide I
band ratio were investigated, it has been clarified that Anabaena sp. IMU18 had
more PHB accumulation than other species. The difference between the two
results of Anabaena sp. IMU18 may proceed from the species cell ratio in the
media. In this respect Anabaena sp. IMU18 gave promising PHB enhancement by

increasing the growth ratio by modifying growth parameters.

104



Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUQO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUOS -N
Cylindrospermum sp. IMUQS -NP
Calothrix sp. IMUQ9 -N
Calothrix sp. IMUO9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP

Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMU5 -N
Nodosilinea sp. IMU5 -NP
Anabaena variabilis sp. IMU8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
Anabaena sp. IMU30 -NP
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Figure 6.7 PHB responsible FTIR peak at 1720 cm™
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Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUQ5 -N
Cylindrospermum sp. IMUQS -NP
Calothrix sp. IMUQ9 -N
Calothrix sp. IMUQO9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP

Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMU5 -N
Nodosilinea sp. IMU5 -NP
Anabaena variabilis sp. IMU8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
Anabaena sp. IMU30 -NP
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Figure 6.8 PHB responsible FTIR peak at 1735 cm™

106



Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUOQ5 -N
Cylindrospermum sp. IMUQS -NP
Calothrix sp. IMUOQ9 -N
Calothrix sp. IMUQ9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP

Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMUS5 -N
Nodosilinea sp. IMU5 -NP
Anabaena variabilis sp. IMUS8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
Anabaena sp. IMU30 -NP
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Figure 6.9 PHB concentration ratio of 1720 cm/1652 cm'™
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Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUO5 -N
Cylindrospermum sp. IMUOS -NP
Calothrix sp. IMUQ9 -N
Calothrix sp. IMUQ9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP

Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMU5 -N
Nodosilinea sp. IMU5 -NP
Anabaena variabilis sp. IMU8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
Anabaena sp. IMU30 -NP
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Figure 6.10 PHB concentration ratio of 1735 cm™/1652 cm™

108



In consideration of FTIR data with the sporting qualitative analysis (Table 6.8),
Calothrix sp. IMU10, Nostoc sp. IMU11, and Anabaena sp. IMU18 were selected

for their PHB production capacities.

6.4.2 Other Measurements

6.4.2.1 TAG, Oligosaccharide, and Polysaccharide Analysis by FTIR

FTIR analysis was performed on the 7th day of incubation to investigate
Cyanobacterial TAG and carbohydrate (oligosaccharide and polysaccharide)

levels.

TAG concentration ratio (1744 cm™/1652 cm™) was found high in the Nostoc sp.
IMU20, Calothrix sp. IMUQ9, Calothrix sp. IMU10, Nostoc sp. IMU11, and Nostoc
sp. IMU13, respectively (Fig. 6.11).

Oligosaccharide (1145 cm™/1652 cm™) and polysaccharide (1045 cm™/1652 cm’
) concentration ratios were observed high in the Nosroc sp. IMU20, Microchaete
sp. IMU22, Nostoc sp. IMU19, Calothrix sp. IMUQ9, Nostoc sp. IMU11, Nostoc sp.
IMU13, and Calothrix sp. IMU10, respectively, as well as with higher

oligosaccharide ratio than polysaccharide ratio (Fig. 6.12).
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Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUOQ5 -N
Cylindrospermum sp. IMUOQ5 -NP
Calothrix sp. IMUOQ9 -N
Calothrix sp. IMUQO9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP
Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMU5 -N
Nodosilinea sp. IMUS5 -NP
Anabaena variabilis sp. IMU8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
Anabaena sp. IMU30 -NP

TAG concentration ratio (1744 cm1/1652 cm'!)
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Figure 6.11 TAG concentration ratio of Cyanobacteria species
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Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUO5 -N
Cylindrospermum sp. IMUQS -NP
Calothrix sp. IMUQ9 -N
Calothrix sp. IMUQ9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP

Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMUS -N
Nodosilinea sp. IMUS5 -NP
Anabaena variabilis sp. IMU8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
Anabaena sp. IMU30 -NP

Oligosaccharide (1145 cm'/1652 cm™) and polysaccharide (1045 cm''/1652 cm™)
concentration ratios
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Figure 6.12 Oligosaccharide and polysaccharide concentration ratios of

Cyanobacteria species
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6.4.2.2 Total Chlorophyll-a & Carotenoid Measurements

Cyanobacterial species had been investigated on the changes of total chlorophyll-

a and carotenoid contents on the 5th and 10th day of incubation.

Total chlorophyll-a concentration was found high in the Nostoc sp. IMUO19,
Anabaena sp. IMU18, Nostoc sp. IMU13, Anabaena sp. IMU30, and Nostoc sp.
IMU11, respectively with the more accumulations on the 10th days except for

Anabaena variabilis sp. IMUS8 in the BG11-NP medium (Fig. 6.13).

Total carotenoid concentration was observed high in the Calothrix sp. IMU21,
Nostoc sp. IMU15, Anabaena sp. IMU18, Nodularia sp. IMU17, Nostoc sp.
IMUO019, and Nostoc sp. IMU11 respectively, together with close accumulations

on incubation days but high for the 10th day especially (Fig. 6.14)
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Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUQ5 -N
Cylindrospermum sp. IMUQ5 -NP
Calothrix sp. IMUQ9 -N
Calothrix sp. IMUQO9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP

Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMUS -N
Nodosilinea sp. IMU5 -NP
Anabaena variabilis sp. IMUS8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
Anabaena sp. IMU30 -NP
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Figure 6.13 Total chlorophyll-a concentration in Cyanobacteria species
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Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUOQ5 -N
Cylindrospermum sp. IMUQO5S -NP
Calothrix sp. IMUQ9 -N
Calothrix sp. IMUQ9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP

Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMUS5 -N
Nodosilinea sp. IMUS5 -NP
Anabaena variabilis sp. IMU8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
Anabaena sp. IMU30 -NP
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Figure 6.14 Total carotenoid concentration in Cyanobacteria species
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6.4.2.3 Phycobiliprotein Measurements

Cyanobacterial species had been investigated on the changes of phycoerythrin,

phycocyanine, and allophycocyanine concentrations.

Phycoerythrin concentration was observed high in the MNostoc sp. IMU13,
Trichormus sp. IMU26, Anabaena variabilis sp. IMUS8, Nostoc sp. IMUO19,
Calothrix sp. IMU10, and MNostoc sp. IMU1, respectively with the more
accumulations on the 10th days except for Anabaena variabilis sp. IMUS8 in the

BG11-NP medium (Fig. 6.15).

Phycoerythrin concentration was investigated high in the Nostoc sp. IMU13,
Trichormus sp. IMU26, Calothrix sp. IMU10, Anabaenopsis sp. IMU23, Nostoc sp.
IMU1, and Anabaena sp. IMU18, respectively (Fig. 6.16).

Allophycocyanine concentration was observed high, especially in the Calothrix sp.
IMU10, then it followed by Microchaete sp. IMU22, Trichormus sp. IMU26,
Nodosilinea sp. IMU5, Nostoc sp. IMU1, Nostoc sp. IMU13, and Anabaena
variabilis sp. IMUS, respectively (Fig. 6.17).
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Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUOQ5 -N
Cylindrospermum sp. IMUQS -NP
Calothrix sp. IMUQ9 -N
Calothrix sp. IMUQ9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP

Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP
Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N
Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMU5 -N
Nodosilinea sp. IMU5 -NP
Anabaena variabilis sp. IMUS8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N
Anabaena sp. IMU30 -NP
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Figure 6.15 Phycoerythrin concentration changes in Cyanobacteria species
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Figure 6.16 Phycocyanine concentration changes in Cyanobacteria species

117



APC [pg/ml]

o
(€]

10 15 20 25 30 35

Nostoc sp. IMUO2 -N

Nostoc sp. IMUO2 -NP
Cylindrospermum sp. IMUO4 -N
Cylindrospermum sp. IMUO4 -NP
Cylindrospermum sp. IMUO5 -N
Cylindrospermum sp. IMUQ5 -NP
Calothrix sp. IMUQ9 -N
Calothrix sp. IMUQ9 -NP
Calothrix sp. IMU10 -N
Calothrix sp. IMU10 -NP

Nostoc sp. IMU11 -N

Nostoc sp. IMU11 -NP

Nostoc sp. IMU13 -N

Nostoc sp. IMU13 -NP

Nostoc sp. IMU15 -N

Nostoc sp. IMU15 -NP
Anabaena sp. IMU18 -N
Anabaena sp. IMU18 -NP
Nostoc sp. IMUO19 -N

Nostoc sp. IMUO19 -NP
Calothrix sp. IMU21 -N
Calothrix sp. IMU21 -NP
Calothrix sp. IMU22 -N
Calothrix sp. IMU22 -NP
Nostoc sp. IMU1 -N

Nostoc sp. IMU1 -NP

Mastigocladus sp. IMU2 -N
Mastigocladus sp. IMU2 -NP
Chlorogloeopsis sp. IMU3 -N

Chlorogloeopsis sp. IMU3 -NP
Nodosilinea sp. IMUS -N

Nodosilinea sp. IMU5 -NP —'—EH

Anabaena variabilis sp. IMU8 -N
Anabaena variabilis sp. IMU8 -NP
Nodularia sp. IMU17 -N
Nodularia sp. IMU17 -NP
Nostoc sp. IMU19 -N

Nostoc sp. IMU19 -NP

Nostoc sp. IMU20 -N

Nostoc sp. IMU20 -NP
Microchaete sp. IMU22 -N
Microchaete sp. IMU22 -NP
Anabaenopsis sp. IMU23 -N
Anabaenopsis sp. IMU23 -NP
Trichormus sp. IMU26 -N
Trichormus sp. IMU26 -NP
Anabaena sp. IMU30 -N

Anabaena sp. IMU30 -NP 55_1

E5th O10th

[

Figure 6.17 Allophycocyanine concentration changes in Cyanobacteria species
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6.5 Studies on Selected Species

6.5.1 Medium Trial

Allen, BG11, FW, and Z8 medium plates were tried to find the best Cyanobacterial

growth on selected species. BG11 was chosen best medium for growth (Table 6.9).

Table 6.9 Allen, BG11, FW, and Z8 medium trial

Species Day Allen BG11 FFw zZ8
5th
Calothrix
sp. IMU10
10th
5th
Nostoc
sp. IMU11
10th
5th
Anabaena
sp. IMU18
10th

6.5.2 HPLC Analysis

Cyanobacterial lutein, zeaxanthin, canthaxanthin, chlorophyll-a, alpha-carotene,
beta-carotene, and riboflavin (B, vitamin) contents were obtained by HPLC
analysis. Error band was high, especially for the lutein data, and some species had
no data on zeaxanthin and canthaxanthin content, which may occur from low

sample amounts.

Lutein compositions (Fig. 6.18) were observed high, especially in the Anabaena

sp. IMU18, then it was followed by Nostoc sp. IMU11 and Calothrix sp. IMU10.
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The best lutein production was for both Calothrixsp. IMU10 and Nostocsp. IMU11
on the 5th day, instead of Anabaena sp. IMU18 on the 10th day incubation, also

nitrogen starvation was the best for all species to produce Lutein.
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W 5th day 0O10th day

Figure 6.18 Lutein concentrations in selected Cyanobacteria

Zeaxanthin compositions (Fig. 6.19) were so low on the 5th day, and also on the
10th day, except for only Anabaena sp. IMU18. Calothrix sp. IMU10 produced
zeaxanthin only in nitrogen deprived culture conditions. All species’ zeaxanthin
content was high on the 5th day. Anabaena sp. IMU18 has selected the best
zeaxanthin producer species, which had so low zeaxanthin content on the 5th day,
as well as with no zeaxanthin production in the nitrogen starvation for the five

days.

Canthaxanthin compositions (Fig. 6.20) were so low, especially on the 5th day,
except for Nostoc sp. IMU11 which showed only inspectable data on the 5th day.
The best canthaxanthin producer species was Anabaena sp. IMU18, then it
followed by Calothrix sp. IMU10. Nitrogen deprived culture conditions were the

most suitable medium for canthaxanthin production for all species.
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Figure 6.19 Zeaxanthin concentrations in selected Cyanobacteria
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Figure 6.20 Canthaxanthin concentrations in selected Cyanobacteria

Chlorophyll-a compositions (Fig. 6.21) were higher on the 10th day in general,
and nitrogen starvation was the best condition for all species instead of Nostoc sp.
IMU11 with questionable error bands. Calothrix sp. IMU10 was the best

chlorophyll-a producer species.
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Figure 6.21 Chlorophyll-a concentrations in selected Cyanobacteria

Alpha-carotene compositions (Fig. 6.22) were maximum on the 10th day, except
for Nostoc sp. IMU11, which was cultivated in the nitrogen deprived medium, as
well as Calothrix sp. IMU10 in nitrogen and phosphorous medium. The best
culture condition for alpha-carotene production was nitrogen starvation for all
Cyanobacteria species and the best species was determined as Anabaena sp.

IMU18, then followed by Nostoc sp. IMU11 and Calothrix sp. IMU10.

Beta-carotene compositions (Fig. 6.23) were high on the 5th day, except for
Anabaena sp. IMU18. The best beta-carotene producer species was identified as
Nostoc sp. IMU11 and followed by nitrogen starved Calothrix sp. IMU10 and
Anabaena sp. IMU18, the again nitrogen and phosphorous starved Calothrix sp.
IMU10. Nitrogen deprived culture conditions were the most suitable medium for

beta-carotene production for all species.
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Figure 6.22 Alpha-carotene concentrations in selected Cyanobacteria
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Figure 6.23 Beta-carotene concentrations in selected Cyanobacteria

Riboflavin (B, vitamin) production (Fig 6.24) increased by the following days
except for Nostoc sp. IMU11. The best culture conditions were nitrogen depleted
medium, instead of nitrogen and phosphorous, depleted medium for Anabaena
sp. IMU18 and nitrogen and phosphorus-depleted medium for Calothrix sp.
IMU10.
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Figure 6.24 B, vitamin concentrations in selected Cyanobacteria

6.5.3 Detailed Experiments on Selected Species

BG11 medium (+) was used as the negative control while the BG11-N medium (-
N) was used as the control, and the BG11-NP medium (-NP) was used as an

experimental group.

6.5.3.1 PHB Measurements

Sulphuric acid digestion method had been compared with the Sudan black B dye
method and investigated both for determination PHB production of
Cyanobacterial species. With this aim calibration curve calculated for the sulphuric
acid digestion method (Fig. 6.25) and the curve was showed very reliable data
with the 0.9977 numbered R2 value contrary to the Sudan black B dye method.
PHB percentage in dry weight (DW) had been calculated by calibration cure (Fig.
6.26). The best day for collecting samples was found on the 5th day and the best
cultivation as nitrogen depleted BG11 for all species, and the best PHB producer
species as Calothrix sp. IMU10, Nostoc sp. IMU11, and Anabaena sp. IMU18.

The Sudan black B dye method results (Fig. 6.26) corroborate with the sulphuric
acid digestion method resulting from the best cultivation condition, which is
Nitrogen depleted BG11 media. But unreliable calibration curve, big error bars,
and unparallel values were confirmed UV measurements by Sudan black B dye

method was not applicable for PHB analysis.
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y = 0.1409x + 0,0044
R?=0.9977

16
PHB pg/ml

Figure 6.25 PHB calibration curve of sulphuric acid digestion in the quartz
tube
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Figure 6.26 PHB percentage in dry weight (dw) by sulphuric acid digestion
method
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Figure 6.27 PHB concentration by Sudan black B dye method

6.5.3.2 Growth

Cyanobacterial growth was recorded at Ag, and it was investigated with
increasing growth rate by days (Fig. 6.28). The best growth rate was observed in
nitrogen derived BG11, normal BG11, and nitrogen and phosphorous deprived
BG11 media for Anabaena sp. IMU18 and Nostoc sp. IMU11 respectively, except
for normal BG11, nitrogen derived BG11, and nitrogen and phosphorous deprived

BG11 media for Calothrix sp. IMU10 with the lowest rate.
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Figure 6.28 Cyanobacterial growth rates

6.5.3.3 Chlorophyll-a & Carotenoid Measurements

It had been determined that the best condition for chlorophyll-a production is
nitrogen deprived BG11 medium except for Calothrix sp. IMU10 and the worse
parameter was nitrogen and phosphorous deprived BG11 medium (Fig. 6.29).
Growth and chlorophyll-a data were showed the same analogy. Chlorophyll-a and

carotenoid amounts (Fig. 6.30) had been raised by the following days in general.
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Figure 6.29 Chlorophyll-a amounts in selected species
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Figure 6.30 Carotenoid amounts in selected species
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6.5.3.4

Saccharide Measurements

The saccharide production was calculated by calibration curve (Fig. 6 .31) and the

best saccharide production had been identified on the day of 10, and the best

culture conditions were nitrogen and phosphorous depleted BG11 medium,

nitrogen depleted BG11 medium, and normal BG11 medium, respectively, except

for the Anabaena sp. IMU18 (Fig. 6 .32).

y =0.0024x + 0.0926
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Figure 6.31 Saccharide calibration curve
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Figure 6.32 Total saccharide amounts in selected species
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6.5.3.5 Protein Measurements

Protein productions were calculated by calibration curve (Fig. 6 .33) and were
observed in increasing by the following days, and the best culture conditions were
BG11, nitrogen depleted BG11 medium, and nitrogen and phosphorous, depleted
BG11 medium especially for Anabaena sp. IMU18 (Fig. 6 .34).

y=0.1725x + 0.3168
R?=0.9861
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Figure 6.33 Protein calibration curve
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Figure 6.34 Protein amounts in selected species

130



6.5.3.6 Nile Red Imagining

Cyanobacterial lipids and PHB contents were imagined by fluorescent microscope

with high illuminations, which gave promising results (Fig. 6.35).

BG11 - BG11-NP

s

Calothrix sp. IMU10

Nostoc sp. IMU11

Anabaena sp. IMU18

6.5.4 Maximization of Extraction Techniques

Figure 6.35 Nile red images

Sodium hypochlorite extraction could not have resulted due to the weight loss of

the Cyanobacterial cells by hardly rinsing from sodium hypochlorite.

Soxhlet extraction maximization results (Fig. 6.36) showed no significant
differences in Calothrix sp. IMU10 and Nostocsp. IMU11, which means the classic

extraction method was better, except for the Amabaena sp. IMU18 using
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chloroform with dichloromethane (CD) instead of chloroform (C) showed

promising results with a 1.59 fold increase.
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Figure 6.36 PHB percentage in dry weight (dw) of selected species after
different extraction manipulations

6.5.5 Environmental Stress Applications

6.5.5.1 PHB Analysis

Stress applications experiment was summarized as following Table 6.10:
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Table 6.10 Culture flasks during inoculation by various media

* +:BG11; N: BG11-N; P: BG11-NP; A: BG11-N +%.0.4 AcOH/ dark; B: BG11-N +%0.4 AcOH/ dark/ pH:8.5; C: BG11-N +%0.4 AcOH/ dark/
10°C

Group + | Group N | Group P | Group A | Group B | Group C

Calothrix sp.
IMU10
Oth Day

Calothrix sp.
IMU10
5th Day

Calothrix sp.
IMU10
10th Day

Nostoc sp.
IMU11
Oth Day

Nostoc sp.
IMU11
5th Day

Nostoc sp.
IMU11
10th Day

Anabaena
sp- IMU18
Oth Day

Anabaena
sp. IMU18
5th Day

Anabaena
sp. IMU18
10th Day
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Results had been estimated by the crotonic acid method. Also, GREINER UV STAR
F Bottom 96 well microplate was used to the comparison of quartz tubes, which
had been used for the sulphuric acid digestion method. The microplate was
measured at UV 235nm, and results were calculated by generated formulas from
calibration curves (Fig 6.37). GREINER UV STAR F Bottom 96 well microplate
results showed inconsistent results comparing to the literally-known quartz tube

calibration curve (Fig 6.25) and method with big error bars.

y =0.2028x + 0.1246
3 R? = 0.9965

A,s nm

0 2 4 6 8 10 12 14 16
PHB pg/ml

Figure 6.37 Calibration curve of PHB in the microplate

6.5.5.1.1 PHB Production of Calothrix sp. IMU10
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Figure 6.38 PHB amounts of Calothrix sp. IMU10 in the quartz tubes
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PHB production amounts on Calothrix sp. IMU10 was not increased on the
experimental groups of environmental effects (Fig. 6.38). The best medium was
determined as nitrogen deprived BG11, which was the control group of the
experiment, and followed by the group the B, A, and C. Cyanobacterial PHB was

decreased by days instead of for the group A.
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Calothrix Calothrix Calothrix Calothrix Calothrix Calothrix Calothrix Calothrix
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-N5 -N10 -A5 -A10 -B5 -B10 -C5 -C10

5, 10: Sampling day*
Figure 6.39 PHB amounts of Calothrix sp. IMU10 in in the microplate

The best medium for PHB production of Calothrix sp. IMU10 in microplates were
identified as Group B, and followed by the groups the N (Control), C, and A (Fig.
6.39), which were inconsistent with the literally-known quartz tube method.

Cyanobacterial PHB was decreased by days except for groups A and C.

6.5.5.1.2 PHB Production of Nostoc sp. IMU11

The experimental groups were not shown any significant differences according to
the control group (Fig. 6.40). The succeeding media were determined as groups
B, C, and A, respectively. Cyanobacterial PHB was decreased by days instead of

for group A.

Microplate experimental groups were not shown any significant differences
comparing to the control group (Fig. 6.40). The succeeding media were
determined as groups B, C, and A, respectively. Cyanobacterial PHB was decreased

by days instead of for group A.
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Figure 6.40 PHB amounts of Nostoc sp. IMU11 in the quartz tubes

PHB yield was measured in microplates as C, A, B, and N, respectively (Fig. 6.41),
which was inconsistent with the quartz tube method’s results. PHB was decreased

in group C and N by days except for groups A and C.
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Figure 6.41 PHB amounts of Nostocsp. IMU11 in the microplate
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6.5.5.1.3 PHB Production of Anabaena sp. IMU18
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Figure 6.42 PHB amounts of Anabaena sp. IMU18 in the quartz tubes

PHB pg/ul
6
5
4
3
2
1
0
S Y S T
% p & be & S ¥ j
S N S N S N S e
& O © N »© & ©
S N N N I S o 3
,beQ & o2 & " &L " KL
e < e < e < o <2
X ° X \° P o X o
& & & &8 & &3 & &8
¥ ¥ ¥ ¥

5, 10: Sampling day*

Figure 6.43 PHB amounts of Anabaena sp. IMU18 in the microplate
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Environmental stress parameters gave promising results for Anabaena sp. IMU18
except for Group C. The best PHB producer was estimated as group B, and
followed by A, N, and C (Fig. 6.42). Cyanobacterial PHB was decreased by days

instead of for group A.

Environmental stress parameters were sporting the results which were gained
from the quartz tube, except for the wrong calculations. PHB yield, which
measured in microplates, was ordered as following C, A, B, and N (Fig. 6.43).
Results had almost parallel consistent with the quartz tube method’s results. PHB

was decreased in groups by days instead of C.

6.5.5.1.4 Discussion of PHB Analysis Results
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Figure 6.44 PHB amounts of selected Cyanobacteria against environmental
manipulation
Environmental stress addition to Cyanobacteria has not indicated promising
results apart from Anabaena sp. IMU18 (Fig. 6.43). Comparing with the different
parameters, the best PHB producer was determined as Calothrix sp. IMU10, and

followed by Nostoc sp. IMU11 and Anabaena sp. IMU18 respectively.
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6.5.5.2 Chlorophyll-a & Carotenoid Measurements

Investigations of Cyanobacterial growth were also determined by chlorophyll-a
concentrations, whereas Cyanobacterial growth parameters were hard to measure
for their filamentous forms. Chlorophyll-a amounts were showed that the growth
of the species had been raised by the following days of the incubation, which were
resulted in best in the control group, then followed by groups A, C, and B in

general (Fig. 6.45).

General results of carotenoid values were almost parallel to the chlorophyll-a
graph and showed that the growth of the species had been increased by the
following days of incubation with no significant change in group B especially. The
best carotenoid amount resulted in the control group then followed by groups A,
C, and B in general, which means environmental stress application was not

promising (Fig. 6.46).
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Figure 6.45 Chlorophyll-a amounts of selected species in different stress
conditions
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Figure 6.46 Carotenoid amounts of selected species in different stress
conditions

6.5.5.3 GC Measurements of FAME Products

Fatty acyl methyl ester (FAME) analysis was identified by Gas chromatography
(GC) and FAME standard optimization [112] for the Cyanobacteria species in their
selected culture media, which were BG11-N for Calothrix sp. IMU10 (Fig. 6.47)
and Nostoc sp. IMU11 (Fig. 6.48), and BG11-N with %0.4 AcOH addition in the
dark culturing for Anabaena sp. IMU18 (Fig. 6.49). FAME analysis of selected
Cyanobacteria in selected conditions for PHB production gave promising and
accessible results for biodiesel production. The best FAME products for three
species were determined as cis-10-pentadecenoic acid methyl ester (C15:1),
methyl octadecanoate (C18:0), methyl arachidate (C20:0), methyl palmitate
(C16:0), and cis-10-heptadecenoic acid methyl ester (C17:1), respectively.
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6.5.6 Identification of PHB by FTIR Analysis

Extracted PHB by soxhlet extraction was determined by FTIR. PHB extracts from
Calothrix sp. IMU10 (Fig. 6.50), Nostoc sp. IMU11 (Fig. 6.51), and Anabaena sp.
IMU18 (Fig. 6.52) were identified by FTIR and the leading PHB bands described
in Table 6.11 [91]. The FTIR spectrums showed prominent peaks at ~1735 to
~1710 cm™ and also, adsorption bands obtained at 1363, ~1476, ~2920-~2849,
and ~3381 cm™ denote the -CH;, -CH,, -CH, and O-H groups respectively.
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Table 6.11 Band assignments of FTIR

Wavenumber
value (cm™)

Assignment”™

Comments

~3400 S Lo of nitrogen | H bonded OH groups of alcohol,
compounds phenol, organic acids and also H
bonded N-H groups
~2930 Vis iy Of saturated CH Positions of saturated CH
associated with lipids, alkanes and
may also contain contributions
from PHB
~2850 Vi .y Of saturated CH Positions of saturated CH
associated with lipids, alkanes and
may also contain contributions
from PHB
~1,735 Ve-o of ester functional | The exact position of PHB
groups primarily from | absorbance depends on the degree
lipids, fatty acids, and PHB | of crystallinity of the PHB
~1,650 -0 of amides associated | Usually called the amide I band;
with proteins may also contain contributions
from C=C stretches of olefinic and
aromatic compounds
~1,540 S of amides associated | Usually called the amide II band;
with proteins may also contain contributions
from C=N stretches
~1,455 8. (CHs3) and &8, (CH,) of | Positions of these assignments can
proteins vary; contributions also from PHB
~1,398 8, (CHs) and &, (CH,) of | Positions of these assignments can
proteins, ; (C-O of COO) | vary; contributions also from PHB
groups
~1,242 Vs (P=0) of the | May also be due to the presence of
phosphodiester backbone | phosphorylated proteins and
of nucleic acids (DNA and | polyphosphate storage products
RNA)
~1,080 Vi (P=0) of the | May also be due to the presence of
phosphodiester backbone | phosphorylated proteins and
of nucleic acids (DNA and | polyphosphate storage products
RNA)
1,200-900 Vo) of polysaccharides Contributions also from PHB

* vs, asymmetric stretch; w, symmetric stretch; 8.s, asymmetric deformation (bend); &8s, symmetric

deformation (bend)
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6.6 Conclusions

Cyanobacteria have been investigated to find the best PHB producer species, the
best extraction procedure, culture media, stress conditions, and their by-product
contents. The species have been sustained in BG11-N medium since isolation in
May 2017, which had been considered as a well-established time for the species

to adapt to nitrogen starvation, day by day.

Nostoc sp. IMUO2, Cylindrospermum sp. IMUOA4, Cylindrospermum sp. IMUOS5,
Calothrix sp. IMUQ9, Calothrix sp. IMU10, Nostoc sp. IMU11, Nostoc sp. IMU13,
Nostoc sp. IMU15, Anabaena sp. IMU18, Nostocsp. IMUO19, Calothrix sp. IMU21,
and Calothrix sp. IMU22 species from paddy fields of Edirne and also Nostoc sp.
IMU1, Mastigocladus sp. IMU2, Chlorogloeopsis sp. IMU3, Nodosilinea sp. IMUS5,
Anabaena variabilis sp. IMU8, Nodularia sp. IMU17, Nostoc sp. IMU19, Nostoc sp.
IMU20, Microchaete sp. IMU22, Anabaenopsis sp. IMU23, Trichormus sp. IMU26,
and Anabaena sp. IMU30 species from IMU culture library have been identified,
and their PHB, TAG, chlorophyll-a, carotenoid, oligosaccharide, polysaccharide,
and phycobiliprotein (phycoerythrin, phycocyanine, and allophycocyanine)

measurements have been completed.

FTIR measurement (relative) and sulphuric acid digestion method (% in dw) have
been compared for PHB determination against Sudan black B UV measurement,
and it has been found that these measurements have more reliable data to
measure PHB content analytically. But also, Sudan black B dyeing has been given
a respectable microscope screening of PHB. Moreover, the effect of the quartz tube
and the GREINER UV STAR F Bottom 96 well microplate on the sulphuric acid
digestion method have been compared, and measurement by the quartz tube has

been found to be more accurate.

Sodium hypochlorite and soxhlet extraction have been compared to investigate
the best PHB extraction method where sodium hypochlorite extraction was
showed week applicability with high weight loss. Additionally, the maximization
of soxhlet extraction has been studied for classical pre-extraction by methanol and
extraction by chloroform (C). Results have shown no significant difference for

Calothrix sp. IMU10 and Nostoc sp. IMU11, while Anabaena sp. IMU18 gave
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promising PHB results with a 1.59 fold increase by chloroform and

dichloromethane (1:1) extraction (CD).

Calothrix sp. IMU10, Nostoc sp. IMU11, and Anabaena sp. IMU18 species have
been selected as the best PHB producer species. Five days of incubation in the
BG11-N medium has been determined as the best stress condition except for
Anabaena sp. IMU18, while dark incubation and %0.4 AcOH addition in BG11-N,

has been defined the best for PHB production.

FAME, protein, saccharide, chlorophyll-a, carotenoid, and also detailed lutein,
zeaxanthin, canthaxanthin, chlorophyll-a, alpha-carotene, beta-carotene, and
riboflavin contents of the selected species have been determined. Particularly,
FAME analysis has been resulted in promising biodiesel usage, which has been
also supported by fluorescence imaging of the selected Cyanobacteria by Nile red
dyeing as it was expected due to nitrogen deprivation was known to increase the

FAME contents as well as the PHB [113].
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