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Aims and Objectives

Aims and Objectives

The aim of the current research work was isolation of Psychrotolerant bacteria of
HKKH region for the production and characterization of polyunsaturated fatty acids
(PUFAS)

Objectives of the study

e |Isolation of bacteria from HKKH glaciers and their identification via

morphological as well as molecular approaches
e Screening of the isolated Psychrotolerant bacteria for the production of PUFA
e Optimization of pH, temperature and media for the production of PUFA

e Characterization of PUFA using FTIR and various chromatographic

techniques
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Abstract

Polyunsaturated fatty acids (EPA, DHA) are a member of Omega-3 family is essential
fatty acid. Omega-3 can be isolated from various source like plants, microalgae, fungi
and various fish but they all have certain problems associated with them. Human
cannot synthesize omega-3 due to deficiency of enzyme A5 desaturase and obtain it
through external source. A promising and cost effective alternative source of Omega-
3 is bacterial production.. Bacteria can be easily cultured in simple medium and have
short growth and production time. A total of 140 bacteria were isolated from
previously collected samples of glaciers sediments, water and ice of Batura, Passu and
Tirchmir of the Himaliya, Karakoram and Hindukosh regions of Pakistan. The
isolates were screened through a calorimetric method 2,3,5-triphenyltetrazolium
chloride (TTC) for the production of PUFA. We selected five isolates and labeled as
PLPI-1, PDPI-2, PDPI-3, TSC-2 and PSC-3. The selected bacterial isolates were
identified by 16S rRNA gene sequence analysis. PLPI-1 was identified as Alcaleene
fecalis, PDPI-2 identified as Alcaleene fecalis PDPI-3 identified a Alcaleene fecalis,
TSC-2 identified as Alcaleene fecalis and PSC-3 was identified as Alcaleene fecalis
but the strain was different. Production of the PUFA by the selected bacteria was
verified by Thin Layer Chromatography (TLC) and Fourier transformed infrared
spectroscopy (FTIR) using EPA and DHA standards. An investigation of the effects
of variables like media, incubation time, temperature and pH for the growth and
optimum production of PUFA was checked, using one factor at a time approach
(OFAT). It was observed that all the isolates produce maximum PUFA at lower
temperature and at neutral pH. For isolates PLPI-1, pH 7, 15°C temperature and NB
medium was found best for PUFA production. Isolate PSC-3, PDPI-1 and TSC-2
showed optimum PUFA production on pH 7, 15°C temperature and NB medium.
Moreover, PDPI-1 has shown maximum PUFA production on wider pH ranging from
5 to 8. It was observed that bacteria were able to produce PUFA. PUFA producing
ability in bacteria make it valuable and are better alterative of fish oil will cope the
high global demand of omega-3 fatty acid. It has many advantages that heavy metals
are absent in their biomass as well suitable for vegetarian. To our knowledge this is

the first report of a bacterial isolate producing Omega-3 glaciers samples.
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Chapter 1 Introduction

Introduction

Psychrotolerant are microorganisms that can live their life above 20°C. These
microorganism live in cold environment and have an optimal temperature of about
15°C and maximum 20°C while psychrophiles are cold loving fungi, archaea and
bacteria that require an optimal temperature of 15°C or lower and having maximal
temperature up to 20°C but having minimal temperature of 0°C (Moyer and Morita et
al., 2007).

Earth is a cold environment and approximately 80-85 % of its temperature is below
5°C that includes oceans, Arctic, Antarctic and mountainous regions (Himalayans,
Alpines and rocky mountains) and some other mesospheric and stratospheric regions
(Casanueva et al., 2010; Hinsa and Tiedje et al., 2010; Margesin and Miteva et al.,
2011). The largest portion of the low temperature environment comprise of oceans i.e.
occupied 71% of the planet having temperature -1 to 4°C, then the second largest
portion is of snow that covers almost 35% of the Earth’s surface, permafrost that
covers 24% of the land, sea ice i.e. 13% and glaciers that comprise 10% of land,
temperature of which is below 5°C (Margesin and Miteva et al., 2011). Environments
like caves, subsoils, cold deserts and lakes are also considered as cold habitats
(Aislabie et al.,, 2008). Low temperature habitats are wide spread extreme
environments and inhabited by diverse groups of microorganisms that thrive there,
while facing various stress conditions (Rummel et al., 2014). In order to cope with
extreme conditions like low nutrients, desiccation, osmotic pressures, radiations, high
and low pH, they exhibit certain adaptive strategies (Rodrigues and Tiedje et al.,
2008; Morgan-Kiss et al., 2006). As these environments are less explored and
probability of discovering new species is always there, that attracts the scientist’s
attention (Kim et al., 2012).

Microorganisms like bacteria, archaea, fungi, microalgae and yeast are successfully
colonized in cold environments. Vibrio marinus and vibrio are the true psychrophiles
discovered and described taxonomically in 1964 and in 1972. Bacterial domain
showed rich diversity and comprise of both Gram positive and Gram negative groups
and may contain heterotrophic and autotrophic, non-photosynthetic, aerobic, anoxic,
spore formers and non-spore forming psychrophiles (Moyer and Morita et al., 2007).

Adaptive strategies of psychrophiles include solute concentration (Morgan-Kiss et al.,
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2006), enzymes, membrane stability (Rodrigues and Tiedje et al., 2008) and
macromolecule interaction in order to cope with extreme cold environment (Tehei et
al., 2005; Piette et al.,, 2011). Psychrophilic microorganisms also produce
extracellular and intracellular metabolites having medical and industrial applications
(Margesin and Feller et al., 2010). One of the potential applications of psychrophilic
microorganisms is the production of polyunsaturated fatty acid (PUFA), commonly
known as Omega-3, mostly consist of Eicosapentanoic acid (EPA) and
Decosahexanoic acid (DHA), that play role in bacterial membrane stability and also
have vast medical applications (Usui et al., 2012). Due to high biotechnological
applications of PUFA psychrophilic bacteria attract the scientist’s interest to explore

these regions for best alternatives (Gentile G. et al., 2003).

Human beings have the ability to synthesize saturated and monounsaturated fatty
acids which are called non-essential fatty acids, while cannot synthesize
polyunsaturated fatty acids due to lack of de-saturase enzyme and are required from
outside source in the form of food, therefore termed as essential fatty acids (Bajpai et
el., 1993). Hence PUFA is said to be natural product due to difficulty in production of
double bond formation synthetically (Meyer et al., 1999). As mammals are unable to
synthesize PUFA, therefore, direct uptake is necessary. Currently, primary source of
PUFA is marine fish such as Sardines, Mackerel, Salmon and Mullet that mostly
consist of DHA and EPA (Gunstone et al., 1996; Arab-Tehrany et al., 2012).

Although, the consumption of fish oils and their introduction in market for medical
and dietary supplementation, pose certain problems like they have unpleasant taste,
flavor and odor (Barclay et al., 1994). They also face stability as well as sustainability
problems along with problems of purification due to low amount of Omega-3 PUFA
(Barclay et al., 1994; Ratledge 2004; Foran et al., 2005). Contamination of marine
ecosystems with heavy metals, chemicals, and other compounds that impede the use
of fish oil for PUFA production, lead to carcinogenic, mutagenic, and terotogenic
effects which decrease fish stock (Domingo et al., 2007; Sidhu, 2003, Foran et al.,
2005; Tricon, 2006; Cole et al., 2009; Ward et al., 1995). These contaminants may
lead to health related problems in children and lactating women (Park and Johnson et
al., 2006). It has been observed that fish oil consumption reduces the malignant cell’s
sensitivity to chemotherapeutic agents (Roodhart et al., 2011). Due to overfishing and

decreased fish stock, fish oil does not meet the growing global demands (Medaas et
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al., 2014). Therefore, researchers search for an alternative source like plants,
microalgae and bacteria for PUFA production, in order to meet the increased global
demand (Abbadi et al., 2004; Sayanova, 2004; Robert, 2005; Wu et al., 2005).
Genetically modified plant maybe a good alternative for PUFA production but they
also face problems of viability and slower growth (Ruiz-Lopez et al., 2012; Napier et
al., 2007). Similarly, banning of genetic modification and cloning’s might face
certain challenges in some countries (Certik and Adamechova et al., 2009). Plant also
need arable land for their growth and might be susceptible to pathogens (Ursin et al.,
2003). Fungi also require longer growth periods and various organic carbon sources
which is not economical for PUFA production (Barclay et al., 1994). Microalgae may
be used for PUFA production but they require controlled condition for their
cultivation, specific light quality and quantity, and certain nutrients which make it not
economical (Seto et al., 1984; Mirdn, 2002; Grima et al., 2003). Therefore, the best

alternative for PUFA production will be bacteria.

Table 1.1 Types and Sources of PUFA

Habitat Source Types Reference
Psychrophilic | Chlorella EPA, DHA K Skjanes et al., 2013
Psychrophilic | Colwellia spp EPA, DHA Amiri-Jami et al., 2006
Psychrophilic | S. affinis EPA, DHA Ivanova et al., 2004
Psychrotolerant | Photobacterium EPA, DHA Zhang et al., 2011
Cold adapted salmon, sardine, | DHA, EPA McManus et al., 2011.
. | GLAEPA, Bajpai et al., 1991
Psychrotolerant | Mucorales fungi DHA. AA
Cold adapted Primrose seed oil | GLA Mahajan et al., 1988
Psychrotolerant | Fungal sources GLA Diramin et al., 2009
Cold adapted Wild fish EPA , DHA Miller et al., 2008
Canola and
Cold adapted EPA, DHA Sayanova et al., 2011
Soybean

Purification and Characterization of Polyunsaturated Fatty Acids (PUFA) Produced by Psychrotolerant
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Table 1.2 PUFA products and manufacturing Companies

Product Name Company | Reference
) Nordic ] )
Ultimate Omega 3 Natural http://www.brainreference.com/ultimate-omega-2/
aturals

Optimum Omega 3 | Dr. Tobia | www.drtobias.net

Vitafusionomega3 | Walgreen | https://www.walgreens.com/store/c/vitafusion-omega-3

Steele

Essential Omega 3 Spirit http://www.steelespirit.com/essential-omega-3
piri
) http://www.carlsonlabs.com/p-255-elite-omega-3-
Ellite Omega 3 Carlson
gems.aspx
] http://www.bettyshealthstore.com/product/omegavia-
Omegavia BETTYS

pharma-grade-omega-3

Bacterial production of PUFA may be a promising alternate approach (Bianchi, 2014;
Gorissen et al., 2015; Shin et al., 2007). As bacteria have many advantages of easily
stored, cultured and renewable source of PUFA (Sijtsma and de Swaaf et al., 2004;
Nichols et al., 1993). The producing strain may be genetically modified for increased
production of PUFA (Amiri-Jami et al., 2006; Berge et al., 2005; Hinzpeter, 2006;
Nichols et al., 1999). Producing strains are known to be frequently found in low
temperature habitats. Production of PUFA in such environments is known to be part
of the adaptive strategy to survive in such harsh conditions. These bacteria can modify
sterol, protein, hopanoids and fatty acid contents of their cell membrane.
Homoviscous is an adaptation process that is frequently found in these bacteria, where
degree of fatty acid saturation and unsaturation take place to maintain membrane
fluidity (Shulse et al., 2011). The adaption may involve change in chain length, cis-
trans isomerization as well saturation and unsaturation of fatty acids. Similarly, these
microorganisms incorporate specific fatty acid molecules in their membrane for
fluidity that lead easy transportation of nutrients (Fernandes et al., 1993; Tamegai et
al., 2011). Some of the PUFA producing bacteria previously reported are Shewanella,
Colwellia, Alteromonas, Mortillia and Photobacterium (Bergé and Barnathan et al.,
2005; Freese et al., 2009; Nichols et al., 1993; Nogi et al., 2013). Among these
Shewanella species are more studied for PUFA production (Kawamoto et al., 2009;
Shulse et al., 2011; Lee et al., 2009; Morita et al., 2005; Gladyshev et al., 2007).

Most of the studies showed that microorganisms isolated from Antarctica produced
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Chapter 1 Introduction

more PUFA due to extreme cold environments (Lewis et al., 1999; Russell et al.,
1999; Fogliano et al., 2010).

PUFA is eicosanoids precursor mainly composed of thromboxane and prostaglandin
that plays important role in regulation of immune system, neurotransmitter, structure
of membrane phospholipids of retina and brain, cholesterol metabolism and blood
clotting. It also play role in the inhibition of low density lipoprotein (LDL) and its
elimination (Steffens and Wirth et al., 2005), that help in reducing blood pressure,
platelets reduction and prolong bleeding time. PUFA also help preventing skin disease
(Steffens and Wirth et al., 2005), cardiovascular disease, asthma, arthritis (Lands et
al., 1986; Kremer et al., 1988), multiple sclerosis (Bates et al., 2000), lupus
erythromatosis (Kelley et al., 1985) and nephritis (Thais and Stahl et al., 1987).

Hindu Kush, Karakoram and Himalaya (HKKH) regions are considered the third pole
of the world and their glaciers cover total area of 16933 Kmz?, and are inhabited by
psychrophilic microorganisms. Psychrophiles acquire certain mode of adaptation to
low temperature for their survival and they must produce PUFA for adaptation
because it play important role in adaptation to low temperature. As these regions have
not been explored for the production and isolation of PUFA previously, therefore, in
the current research work the particular areas were selected in order to find out
promising alternative in terms of bacteria for the production of PUFA to meet the
need of the day.

Purification and Characterization of Polyunsaturated Fatty Acids (PUFA) Produced by Psychrotolerant
Bacteria Isolated from Different Glaciers of Pakistan
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Chapter 2 Review Literature

Literature Review

Polyunsaturated fatty acids are long chain fatty acids having two or more double bonds.
They belong to the class of biomolecules, known as lipids which are the broad groups of
organic compounds occurring naturally and include; phospholipids, waxes, oils, steroids
and fats. These molecules show solubility in non-polar organic solvents i.e. acetone,
benzene, ether and chloroform while generally insoluble in water (Fahy et al., 2005).
Lipids play very essential biological functions like structural component of cell
membrane, energy storage and signaling molecules (Gurr et al., 1991).

Fats may be solid or liquid (oils) that comprise fatty acids of 12 to 22 carbons. Among all
the lipid molecules, fats provide highest amount of energy, approximately double of the
protein and carbohydrates. The basic building block of fats and oils are two types of
molecules i.e. glycerol and fatty acid esters. Fatty acids have many types but they are
generally grouped into three main divisions: saturated, monounsaturated and
polyunsaturated fats. Saturated fat has highest number of hydrogen atoms and has no
double bond, generally solid at room temperature, mainly found in animal products like
meat, cheese and butter while palm oil and coconut are the common vegetable source.
Saturated fat has an unwanted effect on human body that lead to rise in cholesterol level
as compared to any other diets (Brasaemle et al., 2007). One or more double bonds
unsaturated fatty acids. Those having one double bond are termed as monounsaturated
while those which have more than one double bond are termed as polyunsaturated fatty
acid. Mostly, monounsaturated fatty acids are found in canola, peanut and olive oils,
avocados, nuts and olives, while polyunsaturated fatty acids are found in sunflowers, corn

and some animals like fish.
2.2 Polyunsaturated fatty acids (PUFA)

Polyunsaturated fatty acids are long chain fatty acids that contain more than 18 carbon
atoms in their chain and have two or more double bonds in their backbone. These fatty
acids have raised interest of general public for their consumption. This is because of the
fact that lipids are very essential for the healthy growth and survival of living organisms

Purification and Characterization of Polyunsaturated Fatty Acids (PUFA) Produced by Psychrotolerant
Bacteria Isolated from Different Glaciers of Pakistan
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(Gill and Valivety et al., 1997; Sijtsma and Swaaf et al., 2004). The fact is well
understood when beneficial effects of lipids analyzed critically in human and other
animals where it play a role as storage molecules, become part of the cell membrane, and
most recently evolved that used in nutraceutical and pharmaceutical industries (Okuyama
et al., 2007a). In fact, PUFA constitutes unique form of food constituents that play
variety of functions in nutraceutical and biomedical as food and nutritional products that
pose promising beneficial health activity, help preventing certain lethal diseases (Gill and
Valivety et al., 1997). Depending of the first double bond position, PUFA are classified
into two main groups, Omega-3 which has first double bond at carbon number 3 when
counting from the methyl terminal and Omega-6, where the first double bond found at

carbon number 6 when counting from the methyl end (Sijtsma and Swaaf et al., 2004).
2.3 Polyunsaturated Fatty Acid (PUFA) sources and associated problems
2.3.1 Vegetables

Vegetables have high amount of shorter chain of Omega-3 fatty acid such as primrose,
linseed, hempseed and echium but with low amount of EPA and DHA (Benhaim et al.,
2013). Plants are rich in fatty acids like Linolenic Acid (LA), Gamma Linolenic Acid
(GLA) and Alpha-linolenic acid (ALA) respectively. Seeds of above mentioned plants
are the main vegetable source of PUFA. Although, vegetable sources have low level of
fatty acids but its use in human supplements and fish feed will increase their production
and dependence on fish oils. Various number of transgenic plants such as safflower,
canola and soybean are used for the over production of PUFA (Sayanova and Napier et
al., 2011). Genetically modified plant maybe a good alternative for PUFA production but
they also face problems of viability and slower growth (Graham et al., 2007; Ruiz-Lépez
et al., 2012). Similarly, banning of genetic modification and cloning’s might face certain
challenges in some geographical areas (Certik and Adamechova et al., 2009). Plant also
need arable land for their growth and might be susceptible to pathogens (Ursin et al.,
2003).

Purification and Characterization of Polyunsaturated Fatty Acids (PUFA) Produced by Psychrotolerant
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2.3.2 Marine Fish

Marine fish like salmon, sardine, mackerel and herring are well known source of PUFA.
It is considered as the major source of PUFA till date and comprise of DHA and EPA
essential fatty acids. Various studies showed that seafood are the major source of PUFA
particularly fish oils (McManus et al., 2011). Due to increased market demand of PUFA,
marine fish are highly consumed for PUFA production and supply to markets (Molendi et
al., 2011).

Fish consumption attracted interest of human for being the source of PUFA due to their
beneficial effects on health. Whereas, fish source pose daunting challenges like decrease
in fish stock, global warming and provision of supplements, which may lead to extinction
of fish (Dulvy et al., 2003). Although, the consumption of fish oils and their introduction
in market for medical and dietary supplementation, pose certain problems like they have
unpleasant taste, flavor and odor (Barclay et al., 1994; Venegas-Caleron et al., 2010).
They also face stability as well as sustainability problems along with problems of
purification due to low amount of Omega-3 PUFA (Simopoulos et al., 2000; Ratledge,
2004; Jenkin et al., 2009). Contamination of marine ecosystems with heavy metals,
chemicals, and other compounds that impede the use of fish oil for PUFA production,
lead to carcinogenic, mutagenic, and terotogenic effects which decrease fish stock
(Undeland et al., 2009; Sidhu. 2003, Foran, 2005; Hu et al., 2009). These contaminants
may lead to health related problems in children and lactating women (Park et al., 2011).
It has been observed that fish oil consumption reduces malignant cell’s sensitivity to
chemotherapeutic agents (Vaughan et al., 2013). As these sources poses certain problems
there must be a need of alternative for PUFA production that should be microorganisms.

2.3.3 Microorganisms

Microorganisms are promising producers of various metabolites; one of the most
important is polyunsaturated fatty acid, because they have the array of elongase and
desaturase activities required for the de novo synthesis of PUFA. Thus the prokaryotic
organisms synthesize various types of PUFA and will be the promising source of PUFA

for industrial scale. For example, marine phycomycetes especially of mucorales fungi,
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that produces GLA, EPA, DHA and AA (Lordan et al., 2011). Ogawa et al. (2012)
described that filamentous fungi like Mortierella alpina 1S-4 oils containing Omega-3
and Omega-6 fatty acid but fungi require longer growth period and various organic
carbon sources which is not economical for PUFA production (Barclay et al., 1994).
Macroalgae also considered as potential source of PUFA for large scale production.
Researchers investigated chlorophytae, phaeophyta and rhodophyta for fatty acid
production. They investigated that Phaeophytes and Rhodophytes have high
concentration of essential PUFA as compared to cholorophyta and should be considered a
better source (Pereira et al., 2012). Microalgae may be used for PUFA production but
they require controlled condition for their cultivation, specific light quality and quantity,
and certain nutrients which make it costly (Seto et al., 1984; Saanchez Miroon, 2000;
Molina et al., 2003). Therefore, the best alternative for PUFA production will be bacteria.

Until 1990s, scientist considered that only cyanobacteria can produce PUFA while others
bactaria are unable to produce PUFA. It is because of the lack of studies regarding
physiology, biochemistry and molecular biology of the psychrophilic microorganisms
while scientists focus on study of mesophilic organism like Escherichia coli, which is
unable to produce PUFA. It is then investigated by (Singh et al., 1997; Wirsen et al.,
1986) that PUFA preferably EPA and DHA are distributed in psychrophilic
microorganisms (Yano et al., 1994). It is very interesting that, PUFA produced in these
bacteria were mostly EPA and DHA and not linolenic and linoleic acids, which are
mostly found in plants, fungi and cyanobacteria. However, it was discovered in 1980s but
they got no attention (Russel et al., 1999; Singh, 1997; Valentine et al., 2004). Sequence

will be given

Most of the Earth part is a cold environment and approximately 80-85% of its
temperature is below 5°C including oceans, Arctic, Antarctic and mountainous regions
(Himalayans, Alpines and rocky mountains) and some other mesospheric and
stratospheric regions (Casanueva et al., 2010; Rodrigues and Tiedje et al., 2008;
Margesin and Miteva, et al.,, 2011). The largest portion of the low temperature

environment comprise of oceans i.e. occupies 71% of the planet having temperature -1 to
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4°C, then the second largest portion is of snow, permafrost, sea ice and glaciers, that
covers almost 35, 24, 13, and 10%, of the land surface, temperature of which is below
5°C (Margesin and Miteva et al., 2011).

Glaciers are the highest persistent dense body of ice which is constantly moving under
its, own weight. It is generally consisted of re-crystallized snow and due to the pull of
gravity it showed evidence of down slope (Nelson et al., 2003). Glaciers have various
regions like deep ice or subglacial part, supraglacial also called cryoconite holes that have
variation in hydrological, temperature, physical and geochemical characteristics due to
which it has fluctuating diversity (Hodson et al., 2008).

Pakistan has numerous types of large and small glaciers that are found in northern
mountainous regions of Hindu Kush, Karakoram and Himalaya (HKKH) regions. These
glaciers are considered to have highest glaciated mass in the whole world, out of the
North and South Poles. These glaciers cover approximately 17000 square kilometers,
which is 15% of the mountainous region located in the Upper Indus River Basin. The
total length of glaciers on the lap of Karakoram Range in Pakistan is above 6160 square
kilometers. According to estimate, almost 37% of the Karakoram region is under the

glaciated ice.

Generally, HKKH region of Pakistan consists of six types of glaciers namely mountain,
niche, ice caps, ice aprons, valley and cirque. Batura glacier in Hunza region is the fourth
largest glacier in the world and its length is about 59 km. The glaciers have 5 main ice
flows and 20 smaller tributary glaciers (Batura Glacier Investigation Group, 1979, 1980).
Batura and Passu are located in Muztagh, a sub-range of the Karakoram mountain i.e.
located in west of the Hunza Valley, District Gilgit, Pakistan. Tirich Mir (7750 m) in the
Chitral area of northwestern Pakistan represents the tallest mountain in Hindu Kush. It
consists of Upper Tirich and Lower Tirich. The Upper Tirich Glacier basin is formed by
Tirich Mir peaks in different directions such as East, West (the main summit peaks) and
groups of peak in north; these peaks look like a horseshoe-like semicircle (Sweatman, et
al., 1969).
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2.4 Role of PUFA in bacterial adaptation

Low temperature is one of the most challenging environmental conditions that influences
numerous life processes like metabolic activity, cell growth, energy production and gene
transcription (Barria et al., 2013). Unsurprisingly, a range of metabolic, anatomical and
cellular strategies relieve the negative impact of such harsh temperature (Godin-Roulling
et al., 2015; Garcia-Descalzo et al., 2014). The modulation of membrane fluidity is one
of the most important strategies for microbial adaptation to low temperature environment
(Mykytczuk et al., 2010; Najjar et al., 2007). In membrane lipids the composition of fatty
acid such as cis or Tran'’s fatty acids, the structure, saturation and length of fatty acid are
thought to be nearly related to membrane fluidity (Kim et al., 2002). Among all these
factors, one of the crucial factors that reduces the melting point and amplifies the
membrane fluidity is the rise in polyunsaturated fatty acids (Delong, et al., 1986; Amiri-
Jami, 2006; Chintalapati et al., 2004).

Currently, member of Vibrio, Shewanella, Psychromonas, Colwellia and Photobacterium
are known to produce PUFAs (Satomy et al., 2003; Fang, 2010; Shulse, et al., 2011).
Majority of these isolates are piezophilic and psychrophilic that generally are PUFA
producers and originate from the deep sea Polar Regions (Delong et al., 1986; Gentile, et
al., 2003).

Increased polyunsaturated fatty acids play a crucial role in their adaptation to these harsh
conditions by increasing the membrane fluidity and reducing the freezing point of these
fatty acids (Delong, et al., 1986; Skerratt, et al., 2002b). Kawamoto, et al., (2011)
confirmed this theory by producing 2 different strains of EPA deficient mutants of
Shewanella and that became cold and pressure -sensitive while the wild type was
resistant to cold and increased pressure. The EPA synthesis is yet to be fully elucidated; it
has been proposed that the enzyme responsible for synthesis of EPA might show
increased activity at colder temperature (Gladyshev et al., 2009). The EPA has been also

shown to play a significant role in bacterial division at coder habitats.

This significant role could be due to specific interaction of EPA with specific protein in

cell membrane responsible for cellular processes (Kawamoto, et al., 2009). Besides, its
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role in cold adaptation, the PUFAs, particularly the EPA also has a role as an antioxidant.
This has been confirmed by enhanced protein carbonylation and decreased in Shewanella
marinintestina IK-la mutant that lack EPA, when exposed to different H,0O,
concentration as well as by increased resistance to exogenous H,O, in genetically
engineered E. coli (Orkasa, et al., 2009). Several evidences support that PUFAS in
bacterial cell membrane may also affect the movement of molecules across the
membrane, like the facilitation of the entry of hydrophobic compounds and inhibition of
the hydrophilic one. For instance the Shewanella marinintestina IK-1 strain (Nishida, et
al., 2010) and increased resistance to water soluble antibiotics as compared to
hydrophobic inhibitory compounds. The increased resistance to such harmful compounds
has been suggested to be due to enhanced production of several proteins like porins and
TolC by EPA involved in efflux of these compounds (Blair and Piddock, et al., 2009;
Kawamoto, et al., 2009). Initially, it was suggested that DHA support bacterial growth,
but later it was observed that such effect was due to uptake of EPA that exist in
preparation of DHA. There is probability that EPA might be synthesized after DHA is
taken up by the cell (Nikaido, et al., 1994).

2.5 Why Bacteria; best alternative source of PUFA

Due to non-fastidious nature PUFA producing Bacteria grows on waste products which
lower the production cost. Bacterial isolates also have a potential of bioremediation along
with PUFA production in the same process. For instance several psychrophilic bacteria
have been reported as cold adapted cleaners with ability to produce PUFAs and
bioremidiate hydrocarbon and oil (Lin et al., 2009). Bacteria are also good candidate as
an alternative to fish oil due to cultivation in a controlled environment, absence of
unpleasant taste, odor, structural simplicity of structure that can be used as model
organism to study the metabolic pathway of PUFAs that ultimately lead to increased
understanding of such process (El razak, et al., 2014) and enhancement of Omega-3
PUFA (Gill, et al., 1997; Certik et al., 1999). Besides, these bacteria produce one
particular sort of PUFA rather than a mixture; therefore, no further purification steps are

necessary that reduces production cost (Abd Elrazak, et al., 2014). Bacterial PUFASs can
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be used directly in food supplement, pharmaceutical, indirectly as a food stock for
organisms like rotifers (Russell and Nichols, et al., 1999a) or biomass of such bacteria
can be introduced into aquaculture for fish supplement or in poultry feed (Harel, et al.,
2002). The bacterial Omega-3 have high quantity of desired fatty acids; also
recommended as Halal, Kosher and as a source of vegetarian as well as higher sensory

and increased stability profile (Raghukumar, et al., 2008; Fedorova-Dahmes, et al., 2010).
2.6 Diversity of PUFAs producing bacteria
2.6.1 Shewanella

The genus Shewanella is a Gram negative, motile, straight/ curved rod and facultative
anaerobic bacteria (lvanova et al., 2001) including both psychrophilic and mesophilic
strains producing PUFA and widely distributed in marine environment. Different strains
of Shewanella including S. waksmanii, S. benthica, S. schlegeliana, S. sairae, S. baltica,
S. pneumatohori and S. pealeana from marine animals are capable of producing 15 to
37% of EPA or TPA (Gali et al., 1992; Shukla, 2003; Amiri-Jami, et al., 2006), while S.
hanedai, S. halifaxensis and S. frigidimarina isolated from Antarctic marine habitats
were efficient producer of EPA ranging from 7 to 22% of EPA (Bowman, et al., 1997).
Other researchers have isolated S. japonica and S. affinis from sea water comprising up to
8% of EPA (lvanova, et al., 2001 and 2004).

2.6.2 Colwellia

Species belonging to Colwellia are facultative anaerobic, psychrophilic bacteria classified
as Vibrio (Deming, et al., 1988). Formerly, all the vibrio species capable of producing
DHA and colwellia were grouped in a new genus (Wilkinson, et al., 1988) and the genus
became vibrant after identification of DHA producing four novel species C.
psychrotropica, Colwellia demingiae, C. hornerae and C. rossensis from Antarctica
(Raetz et al., 2007), which produces up to 6% DHA of the total fatty acids (yao et al.,
2006), C. chukchiensis (Yu et al., 2011), C. asteriadis (Choi, et al., 2010), C. polaris
(Zhang, et al., 2008) have been reported to synthesized high level of unsaturated fatty

acid.
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2.6.3 Photobacterium

One of the oldest bacterial taxa with one species Ph. phosphoreum reported by Thyseen
et al., in (2005), are psychrophilic and/ or psychropiezophilic, Gram negative, facultative
anaerobic bacilli (kato et al., 2011) are prevalent in marine habitats (Shieh, et al., 2003).
Currently, among 15 isolated species, only two piezophilic species Ph. profundum, Ph.
profundum (SS9) from cold-seep area (Nogi et al., 2013) and Ph. frigidiphilum from
deep-sea sediment (fang et al., 2007) are capable of producing PUFA.

2.6.4 Moritella

Moritella is a group of bacteria characterized as piezophilic and/or psychrophilic,
majority of which are isolated from marine environment. The 7 known isolates were from
marine habitats like fish farms, sea water, sediments and abyssal oceans (Nogi, et al.,
1998; Benediktsdottir, et al., 2000). Moritella marina a non- piezophilic from North
Pacific ocean (Radjasa et al., 2001), while Moritella japonica from Japan Trench and
Moritella yayanosii from Mariana Trench have been isolated and characterized as
piezophilic strains and are known to produce PUFA (Nogi et al. 2004). Psychromonas
species, such as P. agarivorans and P. boydii do not produce either EPA or DHA in its

membrane layer (Canion et al., 2013).
2.7 Genes responsible for PUFA production in Bacteria

The biosynthesis of PUFA via a bacterial polyketide synthase-type multienzyme complex
is controlled by proteins encoded by five pfa genes including pfaA, pfaB, pfaC, pfaD and
pfaE (Okuyama, et al., 2007b). The successful cloning of genes involved in the
biosynthesis of EPA from Shewanella sp. strain SCRC-2738 by Tanaka, et al., (1999) can
be considered as the first step of research on these genes. Subsequently, a number of
cloning experiments were carried out in order to gain deeper understanding of the PUFA
genes. From these studies it was found that EPA gene carries at least 18 open reading
frames (ORFs), but only five of them are required for the biosynthesis of EPA (Lee, et
al., 2006; Okuyama et al., 2007). Their gene clusters are divided into three types. Type I,

where the entire five Pfa genes are present in close vicinity, found in Shewanella
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pneumatophori SCRC-2738. Type Il contains cluster of the four genes pfaABCD, with
pfakE separated from the other genes. This type of cluster is found in Moriella marina
MP-1. The relative direction of pfakE has not been determined for this organism. In type
I11, pfakE is integrated into pfaC/E, and the cluster is considered to consist of four genes
(Gong et al., 2014).

2.8 Biosynthesis of Fatty Acid in Bacteria
2.8.1 Conventional Fatty acid synthase pathway (FAS)

Synthesis of PUFA depends on presence of specific genes in the organism. Fatty acid
biosynthesis pathway in all organisms terminates on the formation of C16 and C18
saturated fatty acids, then via sequence of desaturase and elongase enzymes, these fatty
acids are modified into PUFAs (Figure 2.1).
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Figure 2.1 Conventional biosynthesis pathway of PUFA formation (Ratledge, et al., 2004)
Figure 2.1.PUFA formation in microorganisms through FAS pathway, where fatty acids
are synthesized from malonyl-CoA and acetyl-CoA precursors, using the FAS enzyme
complex. Stearic acid, a saturated fatty acid, is then sequentially aerobically desaturated
and elongated through a succession of reactions leading to the formation of different
PUFA (Ratledge, et al., 2004).
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2.8.2 Novel polyketide synthase biosynthetic pathway

A novel metabolic pathway for the synthesis of PUFA was suggested by Metz, et al.,
(2001) known as polyketide synthase (PKS) that require multienzyme complex for series
of reactions. In this pathway, both malonyl-CoA and acetyl-CoA are still essential but
this PKS does not involve in in situ reduction of intermediates. The genomic fragment of
Shewanella spp. as cloned in E. coli and five ORF were identified which were necessary
for EPA production (Orikas et al., 2006). It was suggested by Yano, et al., (1997) that
PUFA synthesis in this strain SCRC2738, include the elongation of 16C or 18C fatty
acids produced by FAS pathway and incorporation of double bond through unidentified
desaturase pathway. In the five ORF, eleven regions were identified putative enzyme
domains. When their sequence was compared in the database it was observed that eight
of these resembled with PKS protein than to FAS although three regions were
homologous to FAS proteins (Metz, et al., 2001; Napier, et al., 2002).

The eight identified PKS domains were malonyl-CoA, ACP acyl transferase, 3-ketoacyl
synthase, 3-ketoacyl-ACP, acyltransferase, reductase acyl carrier protein, dehydrase and
chain length factor, enoyl reductase. Similar gene clusters were also identified from
Shewanella spp. isolated from marine source indicated PKS pathway will be common in
these organisms (Allen and Bartlett, et al., 2002; Metz, et al., 2009). Researchers
investigated recombinant E. coli, carrying the Schizochytrium PUFA synthase clusters,
capable of producing PUFA. The genetic examination of Schizochytrium showed this
organism has PKS system for PUFA production that using malonyl-CoA and acetyl-CoA
as precursors for biosynthesis of PUFA (Ratledge, et al., 2004). PKS pathway in

Schizochytrium is summarized in Figure 2.2.
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2.9 Bioactivities of Polyunsaturated Fatty Acids

2.9.1 Anti-inflammatory Activity

Polyunsaturated fatty acid is known to affect several inflammatory responses.
Inflammation is a normal host response to any kind of infection and injury. Several
functions of inflammatory responses could have affected by polyunsaturated fatty acids.
In normal host response to injury and infections, inflammation normally occurs. During
inflammation chemokines, cytokines, eicosanoids, inflammatory molecules and some
types of adhesion molecules are normally produced. Even though inflammation occurs
normally, but whenever it takes place in inappropriate or uncontrolled way, disease could
be caused due to extreme damage to host tissues. In human, various studies have revealed
the inflammation-limiting properties of ®-3 fatty acids. De Caterina, et al. (1994) proved
that cell surface expression of adhesion molecules is affected by long chain n-3 PUFAS,
which are involved in relation between endothelial cells and leukocytes. Synthesis of
inflammatory cytokines is also affected by Long chain n-3 PUFAs, a process which is
controlled by 4-series LTs and PGE2. The studies of cell cultures showed that the
production of interleukin-1 B (IL-1 B) by monocytes and tumor necrosis factor- o (TNF-
a) could be affected by both DHA and EPA (Babcock et al., 2002; Siriwardhana, et al.,
2012). Omega-3 PUFAs possessing anti-inflammatory action and its mechanism inside
the cell is summarized by Calder, et al., 2006. The work indicated that n-3 PUFAs
increase long chain n-3 PUFAs in inflammatory cell membrane phospholipids and
decreased arachidonic acid to improve the inflammatory phenotype by changing pattern
of eicosanoid and resolvin synthesis, structure of membrane, pathways of signal

transduction and expression of inflammatory gene.

After finding the fact that n-3 PUFAs have anti-inflammatory actions, has brought the
ideas that complete or comparative less amount of these fatty acids may causally
contribute to inflammatory conditions. For patients suffering from inflammatory diseases
this idea might bring clinical advantage by providing the n-3 PUFAs. Dietary -3 fatty
acids have a link with levels of plasma biomarkers, showing lower levels of inflammation

and endothelial activation in case of cardiovascular disease and other acute and chronic
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diseases, including acute pancreatitis, sepsis and chronic renal disease (Rangel, et al.,
2012). Evidence are also found regarding treatment of inflammatory bowel disease (IBD)
Crohn’s disease and rheumatoid arthritis by polyunsaturated fatty acid (Bassaganya-Riera
et al., 2010; Zededel et al., 2015).

2.9.2 Antioxidant Activity

Though usually information about fatty acids revealed that more the unsaturation, the
more will be vulnerability to oxidation, this supposition is not always true due to
indication of various lines of evidence. For instance, free radical-scavenging potential of
PUFAs and the production of reactive oxygen/nitrogen (ROS/RNS) species by human
aortic endothelial cells (HAECs) accompanied by different fatty acids was investigated
by Richard et al., 2008). They stated that HAEC accompanied with polyunsaturated fatty
acids of the ®3 series yield less formation of ROS, as compared to the cells
complemented with monosaturates, saturates or polysaturates of the w6 series. n-3
PUFAs might act as indirect anti- rather than pro-oxidant in vascular endothelial cells.
For the support of antioxidant activity of n-3 PUFAs there are many evidences present
(Richard, et al., 2008; Tai et al., 2010). There is not much known about the way by which
the -3 PUFAs attain their protective effect. A proposed mechanism was that the enzyme
of oxidative process could be affected by n-3 PUFAs for regulation the balance of
oxidative products in vivo. Giordano et al., (2014) inspected that whether endothelial
dysfunction and oxidative stress reverses with n-3 PUFA in experimental menopause
having the background that menopause is linked with oxidative stress and endothelial
dysfunction. They demonstrated that due to reversal of alterations in membrane lipid
composition induced by ovariectomy and by reduction of vascular oxidative stress n-3
PUFA have a therapeutic advantage. The supplementation of n-3 PUFAs has been used to
treat and also to avoid many oxidative injuries such as mild cognitive impairment MID

and hence has a role in the protective benefit of health (Ko et al., 2013).
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2.9.3 Cardio- protective Action

The fatty acid composition of plasma phospholipids influenced by supplementation of
DHA and EPA in diet and in a result it may affect in vivo cardiac cell functions. The
utilization of n-3 PUFA is very useful for primary and secondary prevention of
cardiovascular disease and this is confirmed by the studies of n-3 PUFA on

cardiovascular health intervention.

Cardio- protective mechanisms by n-3 PUFA were complex because indication from
molecular and cellular studies show that it involved pro-resolving lipid mediators, anti-
inflammation, reduction of triglycerides, modulation of cardiac ion channels,
antithrombotic and antiarrhythmic effects, influence on membrane micro domains and
downstream and cell signaling pathways (Adkins and Kelley, et al., 2010; Siddiqui, et al.,
2008).

In management and prevention of some cardiovascular risk factors, the w-3 long chain-
polyunsaturated fatty acids are used extensively. From various laboratories many
evidences revealed that intake of n-3 PUFAs regularly affects many cellular and humoral
factors involved in atherogenesis and may prevent arrhythmia, atherosclerosis, cardiac
hypertrophy, thrombosis and sudden cardiac death (Siddiqui, et al., 2008). The n-3
polyunsaturated fatty acids could prevent vascular and metabolic disorders in fructose-fed
rats found by Masson, et al., (2008). This pathological status was linked to problems of
cardiovascular systems. Recently, for protecting cardiovascular problems, the mechanism
by n-3 PUFAs is unconvincing. However, for minimizing the cardiovascular disease’s
risk, the activity of dietary n-3 PUFAs has been accepted. The regular intake of n-3

PUFASs can minimize cardiovascular disease incidence.
2.9.4 Anticancer Activity

Many different types of factors are responsible for the complete process of tumor
formation. There are much evidences present that show polyunsaturated fatty acids have
a part in cancer risk and development. Dietary supplementation of ®-3 PUFAS or its

long-lasting utilization can help us avoid urinary tract tumor risk development proposed
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by Eynard, et al., 2013). Many complex biological processes are involved in the effects
of the PUFAs on anticancer. To describe their effects, many kinds of molecular
mechanisms have been proposed, including metabolic conversion of n-3 PUFAs to novel
discovered bioactive derivatives and alterations in arachidonic acid oxidative metabolism,
change in cell membrane structure and fluidity, oxidative stress modification and altered
metabolism and function of membrane proteins (Calviello, et al., 2009). Due to discovery
of mechanism of the process, considerable attention was paid to beneficial effect of
Omega-3 fatty acids as chemotherapeutic agents and chemo-preventive in cancer
treatment. For the possible beneficial effects of Omega-3, much information has been
collected nowadays. PUFA should be used in combination with different antineoplastic
drugs and radiotherapy against melanoma, leukemia neuroblastoma and colon, breast,
prostate and lung cancers.

2.9.5 Antimicrobial Activity

Polyunsaturated fatty acids have the potential new topical treatments for Gram-positive
infections as these possess anti-inflammatory and antimicrobial properties and hence are
attracting attention. Huang, et al., 2010) reported that they found novel bioactivity of the
three main n-3 PUFAs, DHA, EPA, and ALA, and their ester derivatives and proposed
that to make better oral health n-3 PUFA could have a helpful therapeutic outcome due to
the antibacterial activities in addition with their anti-inflammatory effects (Huang et al.,
2011). The fatty acids due to their potency, absence of traditional resistance mechanisms
against the actions of these compounds and broad spectrum of activity have gathered
attention now- a- day. Especially, good activity of various long chain polyunsaturated
fatty acids was observed against Gram-positive bacteria. Antimicrobial effects of PUFA
against S. aureus and P. acnes were assessed for their potential in treatment of the
infections caused by these pathogens. The outcomes revealed that LC-PUFAs could be
used in addition with some present day treatment to increase efficiency of therapy to
bacterial infections. These kinds of compounds either directly killed the bacteria or
inhibit the bacterial growth (Desbois, et al., 2012). Besides, the n-3 PUFA and their

derivatives have variation in the pattern of action against bacteria, not restricted to
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differences associated with Gram-negative or Gram-positive nature of species. The n-3
PUFA could target the cellular membrane hence destroying the functions of normal cell
membrane and death of bacteria could be occurring. Fatty acids possessing antimicrobial
activity could be used in agriculture, medicine and industry. Along with these, PUFAS
also contribute in prevention and for controlling these infections in at-risk children; hence

it can be an innovative approach (Huang and Ebersole, et al., 2010).
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Material and methods

3.1 Sample collection

Three different samples (glacier sediments, water and ice) were selected from the
collected isolates of Tirich Mir glacier of the Hindu Kush Range, Passu and Batura
from Karakoram region. Geographic coordinates and altitude of the sampling sites
were determined by using GPS (Garmin).The pH and temperature of all samples were
recorded using pH strips and thermometer. All the samples were collected in sterile
Nalgene bottles under standard microbiological procedures and were transported to
Microbiology Research Laboratory, Department of Microbiology, Quaid-i-Azam
University, Islamabad, and stored at -20°C and preceded for isolation of PUFA

producing bacteria.

3.2 Isolation of Bacteria
3.2.1 Direct spreading method

The previously collected sample of water, sediments and ice of the HKKH were
selected for the isolation of bacteria. 100 ul of each sample was spread on MSM and
NA medium and incubated at 4 and 20°C for one week. After incubation different
colonies were appeared. On the basis of visual observation 140 types of distinct
bacterial colonies were subculture on NA and incubated at corresponding
temperatures.

3.3 Preservation
For preservation purpose, 30% glycerol was used followed Lee et al., (2007) protocol.
Procedure

The selected isolates were grown in NA medium for 2 days at 15°C while used a
sterile loop, and aseptic technique, transferring several colonies into the vial of broth
with 30% Glycerol. The vial were shake well and allow the tubes containing culture
to place at 20°C for approximately 30 minutes prior the long term storage. The culture

were then stored at -20 degree.
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3.4 Colorimetric screening for PUFAs producers

For EPA determination, 140 isolates were first grown in NA and incubate for 3 days.
After 3 days of incubation, 0.1% wi/v of the dye 2, 3, 5-triphenyltetrazolium chloride
(TTC) was added to the tubes containing 5ml culture broth of the inoculated strain.
Tubes were incubated at (15°C) for one hour. The formation of red color was

considered to be a positive result (Ryan, et al., 2010).
3.5 Optimization of condition for the growth of isolates
3.5.1 Temperature Optimization

For optimization of PUFA production, the isolates were incubated at three different
temperatures i.e. 5, 15, and 25°C. The selected isolates, PLPI 1, PDPI 2, PDPI 3, TSC
2 and PSC 3 were first grown in NB medium and incubate for 24 hours. After
incubation, ImL of culture was transferred into a sterile conical flasks containing 100
ml NB medium. Each experiment was run in duplicate. The isolates were incubated in
shaker incubator with 120 rpm and temperature 5, 15, and 25°C. The Optical Density

was observed from initial time till decline phase of organism.
3.5.2 Media Optimization

Five different media i.e. Nutrient Broth (NB), Luria bertani (LB), Peptone Yeast
Extract Meat Extract (PYM), Minimal Salt Medium (MSM) and Blue Green Algae
(BG11) were selected in order to determine their growth pattern and optimum PUFA
production. Inoculums were prepared and equal amounts were transferred in to each
flask containing 100ml of the respective medium. The flasks were incubated in rotary
shaker 120 rpm for five days at 15°C. The O.D was observed after every 24Hrs of

incubation.
3.5.3 pH Optimization

In order to know the optimum pH for PUFA production, the isolates were grown in
duplicate on pH 3, 5, 7, 9 and 11. Nutrient broth was prepared and the pH range was
adjusted by using H,SO, and HCI as a buffering agents. After adjustment of particular
pH, the media were autoclaved and inoculated with 2ml of the 24 hours old culture.

The O.D was recorded after every 24 hour of incubation for five days.
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3.6 Confirmation and structural characterization of products
For confirmation of produced PUFA Fatty Acid Methyl Easter was prepared.
3.6.1 Fatty Acid Methyl Easter (FAME) preparation

Isolates were grown in NB for 3 days of incubation at 15°C. After incubation periods
the media was centrifuge in order to make the cells pellet. The biomass was harvested
and treated with suitable solvent for lipid extraction. The cells were allowed to for
freeze dryingand were suspended in 2ml of 5% methanolic HCI, heated at 70°C in a
water bath for 2 hours. The tubes were allowed to cool at room temperature for 30
minutes, then 1 ml distilled water was added and the tubes were vortexed. To extract
the FAME 1 ml hexane was added and vigorously vortexed. The tubes were kept till
two layers were formed. The upper layer was transferred into a clean tube and dried
under nitrogen. A known volume of hexane was added for knowing final
concentration and FAME was analyzed using Thin Layer Chromatography (TLC) and

Fourier Transformed Infrared Spectroscopy (FTIR).

3.6.2 Thin Layer Chromatography

Thin layer chromatography is a chromatographic technique used for the separation of
compounds by disfusing the sample along with mobile and stationary phase. This
technique is use for the separation, identification and even partial purification of
compound from crude sample as well run in comparison with standard for the
identification. Following the Shimajiri et al., 2013 procedure. For the TLC procedure
lipids were separated by TLC on 20 X 20 cm glass plates coated with silica gel-60
(Merck, Darmstadt, Germany). Chromatography was carried out in light-protected
jars under an Ar atmosphere. Lipids were eluted with
chloroform/acetone/methanol/acetic acid/water (10:4:2:2:1) as the developing solvent.
The plates were labeled by led pencil and the samples were spotted accordingly along
with the standard obtained from the Vitamin Company USA. After 10 minute of
incubation, developed plate was allowed to dry as the solvent evaporated and

visualized under UV lamp in both short and long wavelengths. Separated spots were
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marked with the help of lead pencil carefully and Rf values were calculated by

dividing their distance travelled to that of the solvent.

3.6.3 Fourier Transformed Infrared Spectroscopy (FTIR)

The purified lipid extracted from the PUFA positive isolate was analyzed through
FTIR along with the standard obtained through (The Vitamin Company USA). FTIR
works on the principle of absorbance and transmittance of infra-red radiations through
the sample. The infrared spectrum produced as a result, corresponds to a fingerprint of
respective sample where absorption is represented in the form of peaks. These peaks
symbolize the frequencies of atomic vibrations occurring in the bonds of functional
groups present in the sample. As atomic combination varies with different substances,
infrared spectra for two materials can never be alike. Samples can be qualitatively or
quantitatively evaluated by the presence of peaks and the size of particular peak
respectively. Height directly relates to the quantity of a substance in the sample.

Active frictions of all strains were evaluated by FTIR spectrophotometer (Tensor 27,
Bruker, equipped with ZnSe ATR) in the range of 4000-600cm-1. About 10 mg of
extracted sample before and after fractionation was positioned on the sample tray and
infrared spectrum was obtained. It was then compared to the library for presence of
known or unknown components using Software Opus 65.

3.7 Characterization of bacterial isolates
3.7.1 Morphological characterization
3.7.1.1 Colony morphology

The colony morphology was observed with respect to colony texture, elevation,

shapes, size, margins and pigmentation.
3.7.1.2 Gram staining

For gram staining crystal violet, Gram’s iodine, alcohol (95%) and safranin were
prepared (Table A9).For staining purpose, a colony from fresh culture was mixed in
dH,0 and a thin smear was made on grease free slide. The smear was dried and heat
fixed. After fixation the smear were flooded with Crystal Violet and remain for the
slide for Iminute. The stain was then washed with distilled water and then flooded the
slide with iodine solution for 1 minute. The iodine was washed with tap water and
then the secondary stain Safranin was applied on the slide and remains the stain for 45
Seconds. Then, the slide was washed with distilled water and air dried and examined
under microscope at 100X using cedar wood oil. Gram positive and Gram negative
bacteria were differentiate according to their color appearance.
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3.7.2 Molecular characterization
3.7.2.1 Extraction of DNA

For molecular characterization and phylogenetic analysis, DNA of the selected
isolates, PLPI 1, PDPI 2, PDPI 3, TSC 2 and PSC 3, were extracted by using MO BIO
Ultraclean DNA extraction kit. For isolation of DNA the selected isolates were grown
on Nutrient Agar to obtain fresh cultures. Bacterial colonies were then transferred to 2
ml beads solution and vertexes gently for complete mixing. Solution S1 (see
Appendix) was added and incubated in water bath for some time at 60°C in order to
dissolve the present precipitate. After this, 60 pl of solution S1 was added and vertex
gently. After incubation, 200 pl of solution, Inhibitor Removal Solution (IRS) was
added which is required only when DNA is to be used for PCR. Again overtaxing was
performed at maximum speed for 10 minutes in order to lyse the whole bacterial cells.
The lyse solution was then transferred to autoclaved 2 ml eppendorf tubes and secured
the beads tube. Eppendorf were centrifuge for 30 sec at 4°C, at speed of 10000 rpm.
After centrifugation particulates including cell biomass and other debris will form
pellet at this point. Supernatant was collected which having our desire DNA and were
transferred into autoclaved micro centrifuge tubes. Then 250 ul of solution S2 was
added and then vertex for 5 seconds and then incubates at 4°C for 5 minutes. This is
step is done basically for the removal of contaminated proteins which bring impurities
in DNA, as this solution contain protein precipitation reagents. The tube was
centrifuge for 1 minute at 10000 rpm at 4°C. The pellet became removed off and the
supernatant become shifted into micro centrifuge tubes. Solution S3 (1.3 ml) was then
added as it contains DNA binding salt solution and vortexed it for 5 seconds. Then
700 pl was added upon spin filter and centrifuge at 10000 rpm for 1 minute. Then
again the supernatant was passed through the spin filter and centrifuge it for 1 minute.
After that 300 pl of solution S4 was poured and centrifuge it for 30 seconds upon
10000 rpm at 4°C. The filtrates were then discarded and the DNA tubes were kept at

frozen temperature of about - 20°C

3.7.3 Agarose gel electrophoresis

The presence of extracted DNA was checked on Agarose gel electrophoresis. For this

purpose 1% agarose gel were prepared, i.e. 1 g agarose was mixed in 100 ml of TAE
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buffer. The mixture was heated in microwave oven until the complete dissolution of
gel. The gel was then allowed to cool at room temperature up to 40-50°C, and then
added 2 pl of ethidium bromide. The agarose solution then poured into the gel tray
having comb, allowed the gel to set completely at room temperature. After gel
solidification, 5 ul DNA sample was mixed with 2 pl of loading dye and load
properly to the well using micropipette. The electrophoretic tank was filled with 1X
TAE buffer; lid of the gel tank was closed and attached electrical leads, so that DNA
was migrated towards the positive anode. Gel was run at 115 volts for 30 minutes. For

positive results, gel was observed under UV illuminator and photographed.
3.7.4 Polymerase chain reaction (PCR)
3.7.4.1 16S rRNA amplification

The extracted genomic DNA was used as a template for the amplification of the 16S
rRNA gene. PCR master mixture, containing 5.0 pl 1 X buffer (160 mM (NH4),SO,,
670 mM TrisHCI, 0.1% Tween-20), 0.8 ul a mixture of NTPs, 20 ul each of primers
27F (5’AGAGTTTGATCMTGGCTCAG-3") and 1492R,
TACGGYTACCTTGTTACGACTT (Schluenzen, et al., 2000), 3.0 ul of 50 mM
MgCly, 0.5 pl of Bio Taq DNA polymerase (Bioline) 1 pl of genomic DNA made up
with distilled water to 50 ul was prepared. Controls lacking template DNA were
included in each PCR run. The PCR amplification was performed in an Applied
Biosystems, Thermocycler according to the following programed

Table.2.1 PCR programmed used for amplification of 16S RNA

Steps Temperature in °C Time

First Denaturation 94 5 minutes
Step 1 Denaturation 94 30 seconds
Step 2 Annealing 52 45 seconds
Step 3 Extension 72 1 minute
Final Extension 72 10 minute
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The cycles of steps from 1-3 were repeated 35 times. The PCR products were checked
by agarose gel electrophoresis (1% w/v; 30 minutes at 100 V, 0.5 X TAE buffer). The
amplified fragments were compared with 500bp molecular size marker (Bioron,
Germany). The PCR product was stored at -20C.

3.7.5 Sequencing and phylogenetic analysis

3.7.5.1 Sequencing of the Isolates

The amplified product was run on 1% gel for confirmation and then sent for
sequencing. Sequencing was commercially performed through Macrogen Standard
Customer DNA Sequencing Services (Macrogen Inc. Seoul, Korea). For all
sequencing reactions, universal primers 27F and 518R were used to sequence the
strands of 16S rRNA gene.

3.7.5.2 Compilation of Sequencing Data

For the compilation of sequence data, DNA Baser v 4.16.0 software was used. The
sequences of both the complementary strands were aligned to each other. The
sequence from one isolate was determined by this method. ClustalW software was
used for obtaining and aligning multiple sequences belong to each component for
each isolates (Thompson, et al., 1994). Using the similar procedure all the data were

compiled.
3.7.5.3 Phylogenetic Analysis

After compilation of the sequences data, similar sequences were obtained from NCBI
Gen Bank by BLAST search. Similar sequences were downloaded and aligned by
using MAFFT software. The downloaded sequences were used for the construction of
phylogenetic tree. Tree was constructed using Neighbor-Joining (NJ) analysis,
Maximum Composite-likelihood model with uniform rates among the sites, the 1000
bootstraps replicates were used to evaluate the significance of generated tree using the

Molecular Evolutionary Genetics Analysis Program (MEGA) version 6.
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4.1 Physiochemical Characteristics of Samples

Water, ice and sediment samples were collected from different sites of Batura, Passu and
Tirich Mir glaciers located in Northern Areas of Pakistan. Physical parameters recorded

during sampling are given in Table 4.1.

Table 4.1 Physiochemical characteristics of samples

Characteristics of sample
Glaciers GPS . Sample Temperature
coordinates pH °C)
Batura N 36°30.302 Ssgtler?ent ; i
E 074°51.138 |-
ice 7 -2
Passu N 36°27.424 \S/\(/ezf\jtlenr]ent ; 1
E 074°52.010 |~
ice 7 -2
sediment 7 1
. . N 36°22.616
Tirch Mir E 072°08.983 yvater 7 4
ice 7 0

4.2 Isolation of bacteria

After incubation different colonies were appeared. On the basis of visual observation 140

types of colonies were selected for further processing showing in figure 4.1

Figure 4.1 Isolated bacterial colonies from Batura, Tirich Mir samples (sediment,

and water)
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Table 4.2 No of total and distinct colonies appeared upon spreading

Site of samples Total No. of colonies No. of different colonies
sampling 4°C 20°C 4°C 20°C

Sediment >100 >200 11 16
Batura Water 17 45 7 9
Ice 14 17 6 11
Sediment >200 >200 9 10
Passu Water 5 32 5 9
Ice 7 52 5 4
Sediment >300 >300 7 4
.. . Water 29 73 5 7
Tirich Mir ce 55 39 3 5

4.3 Gram Staining and morphological characteristics

Gram staining and colonies morphology analysis was carried out for all the isolates. Due

to gram characteristic and colonies morphology similar isolates were removed and the

remaining 100 isolate were again sub cultured for obtaining pure culture. Then the

isolates were subjected for Screening of PUFA. The selected isolates are shown in table

4.3.

Table 4.3 Gram characteristic and colony morphology of the isolates

Gram Morphology
Isolates | reactio
n Size Color Shape Texture | Elevation | Margin | Pigmentation
PLPI-1 | - Rods Small | Yellow | Round S mucoid Raised Entire Yellow
PDPI-2 Medim | Cream | Irregular | Mucoid Convex | Undulate Creamy
PDPI-3 Vsmall | Yellow | Rounded | Mucoid | Pulvinate Entire Yellow
TSC-2
. Off .
PSC-3 Medium white Irregular | S mucoid | Convex | Undulate Np
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4.4 Screening of isolates for PUFA production

A total of 100 isolates were screened which showed that 52 were able to produce PUFA.
Among the selected isolates 36 were isolated from Batura, among which 19 showed
activity of PUFA production.17 isolates out 30 of the Passau regions showed positive
PUFA production while 16 isolate of Tirch Mir out of 34, showed ability to produce
PUFA.

Table 4.4 No of selected and PUFA positive isolates

Site of Total No. of selected Total No. of PUFA
; Samples .
sampling isolates producers

Sediment 19 6
Batura Ice 9 8
Water 8 5
Sediment 17 5
Passu Ice 7 7
Water 6 5
Sediment 14 7
Tirich Mir Ice 11 6
Water 9 3

4.5 Selection of best producer

All the isolates that showed PUFA producing ability were again screened in broth as well
in solid ager. Five isolates PLPI-1, PDPI-2, PDPI-3, TSC-2 and PSC-3 that showed

maximum PUFA production were selected for further study.

Figure 4.2 Rapid TTC assays of the isolated bacteria for FUFA Production
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4.6 Growth Optimization and PUFA production

4.6.1 Temperature optimization

All the selected isolates were checked for optimum growth temperature. Among selected
isolates, PLPI-1 and PDPI-2 showed maximum growth at 15°C while the isolate PDPI-3
showed maximum growth at 4°C. Similarly the isolate TSC-2 and PSC-3 showed
maximum growth at 15°C followed by 25°C. The rapid TTC test were carried out for the
isoaltes which showed optimum production of PUFA at 15°C Maximum growth of
PLPI1, TSC-2 and PDPI-3 was observed after 96 hrs while isolates PDPI-2 and PSC-3
showed maximum growth after 72 hrs of incubation. It was observed that all the isolates

showed maximum PUFA production at 15°C however their growth pattern was variable.

Temperature Optimization of PLPI-1
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Temperatur Optimization of PDPI-3
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Figure 4.3 Temperature Optimization for the isolates PLPI-1, PDPI-2, PDPI-3,
TSC-2 and PSC-3 respectively
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4.6.2 Media optimization

Growth of selected isolates was checked on different media and consequently checked for
fatty acid production. It was observed that PLPI1 showed maximum growth at NB
followed by LB, MSM, PYM and BG11land shoed maximum production of fatty acid in
after 72 hrs of incubation, while isolates PDPI-2 and PDPI-3 showed maximum growth
on PYM followed by LB, NB, MSM and BG11. Similarly the isolates TSC-2 and PSC-3
showed maximum growth on PYM followed by NB, LB, MSM and BG11. Initially the
growth of the isolates was low up to 48 hrs but increased after 72 hrs and reached
maximum at 96 hrs. The details are shown in tables (1, 2, 3, 4 and 5) for the isolates
respectively. It was noted that production of PUFA was maximum after 72 hrs of

incubation.

Table 4.5 Media optimization for growth and PUFA production by isolate PLPI-1

Isolate PLPI-1 Time of incubation in hrs.
Media | Parameters | 0 24 48 72 96 120
NB oD 0.486 0.652 1.137 1.458 1.673 1.091
pH 6.90 6.85 7.33 7.31 7.01 7.02
_ |01 - ++ +++ ++++ +++ +++
o § 0.05 |- + +++ +++ ++ ++
Fg 1001 |- + +++ ++++ +4++ ++
LB oD 0.542 0.136 1.157 1.158 1.273 1.391
pH 6.93 6.85 7.20 1.17 6.91 6.95
. 101 - ++ +++ ++++ +4++ ++
o g 0.05 | - + +++ ++++ ++ ++
F: 001 |- ++ +++ ++++ +4+ ++
PYM oD 402 4.001-2 | .291 0.146 0.146 0.148
pH 5.65 5.48 551 5.35 551 5.45
. 01 [- - W+ + + -
o 005 |- - W+ W+ W+ -
£: 1001 |- - W+ + + -
MSM | OD 0.152 6.782-2 | 0.532 0.4978 0.334 0.315
pH 7.06 7.07 7.39 7.07 7.34 7.54
. 101 - + ++ ++ + +
o § 0.05 | - W+ ++ ++ W+ -
F: 001 |- W+ ++ ++ W+ -
BG11 | OD 0.149 0.2544 0.2336 0.2826 1.417 8.157-3
pH 7.34 6.89 6.82 7.02 7.03 7.04
. 01 |- - - - - -
ES :

Purification and Characterization of Polyunsaturated Fatty Acids (PUFA) Produced by Psychrotolerant
Bacteria Isolated from Different Glaciers of Pakistan

37



Chapter 4

Results

Table 4.6 Media optimization for growth and PUFA production by isolate PDPI-2

Isolate PDPI-2 Time of incubation in hrs.
Media | Parameters 0 24 48 72 96 120
NB oD 0.476 0.779 1.120 1.899 1.406 1.060
pH 6.90 6.62 7.32 7.17 7.10 7.22
0.1 - ++ ++++ ++++ +++ ++
g 0.05 - ++ ++++ +++ +++ ++
E g 0.01 - ++ +++ ++++ ++ ++
LB oD 0.542 0.339 1.264 1.2891 1.321 0.321
pH 6.93 6.66 7.00 6.92 7.20 7.01
0.1 - ++ ++++ ++++ +++ ++
é 0.05 - ++ +++ +++ ++ +
(E ;g 0.01 - ++ +++ ++++ ++ +
PYM | OD 0.402 0.179 1.420 2.0899 2.606 2.460
pH 5.65 5.60 5.33 4.90 451 4.72
0.1 - W+ + ++ W+ -
i 005 |- W+ ¥ ¥ i i
E % 0.01 - W+ + + - -
MSM | OD 0.152 0.458 0.723 0.325 0.302 0.292
pH 7.06 7.19 7.37 7.56 7.24 7.58
0.1 - + ++ ++ W+ -
% 0.05 - + ++ + W+ -
E g 0.01 - + ++ + W+ -
BG11 | OD 0.149 1.224-2 0.407 0.478 1.764-2 1.695-2
pH 7.34 7.08 6.83 6.87 6.96 6.23
0.1 - - - - - -
f005 |- : : : : :
oot |- : : : : :
S
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Table 4.7 Media optimization for growth and PUFA production by isolate PDPI-3

Isolate PDPI-3 Time of incubation in hrs.
Media | Parameters 0 24 48 72 96 120
oD 0.487 0.573 0.827 1.004 1.290 0.951
pH 6.90 6.82 7.40 6.98 7.02 7.09
NB ] 0.1 - ++ +++ +++ ++ +
B é 0.05 - ++ ++ ++ ++ +
i 5 0.01 - ++ +++ +++ ++ +
oD 0.542 0.303 0.827 1.304 1.490 0.351
pH 6.93 6.59 7.00 6.97 6.92 7.18
LB - 0.1 - ++ ++++ ++++ +++ ++
o % 0.05 - ++ +++ +++ +++ +
i § 0.01 - ++ +++ ++++ +++ ++
oD 0.402 0.202 1.499 2.173 2.351 2.336
pH 5.65 5.63 4.98 441 4.60 5.09
PYM C 0.1 - + + W+ W+ -
= % 0.05 - W+ W+ W+ W+ -
] :g; 0.01 - W+ W+ W+ W+ -
oD 0.152 0.1051 0.392 0.4224 0.323 0.30
pH 7.06 7.08 7.30 8.16 8.06 8.06
MSM : 0.1 - + ++ + W+ -
B § 0.05 - + + + W+ -
" 5 0.01 - + + + W+ -
oD 0.149 8.412-2 0.255 0.590 3.134-2 | 2.321-2
pH 7.34 6.73 7.27 6.78 7.02 6.96
BG11 ] o1 - - - - - -
: 005 | - : : : : :
S | 0.01 - - - - - -
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Table 4.8 Media optimization for growth and PUFA production by isolate TSC-2

Isolate TSC-2 Time of incubation in hrs.
Media | Parameters | 0 24 48 72 96 120
NB oD 0.485 0.814 1.360 1.776 1.597 1.079
pH 6.90 7.67 8.10 8.17 8.37 8.38
01 |- ++ ++++ ++++ ++++ ++
'g 0.05 | - ++ +++ +++ ++ ++
E g 0.01 | - ++ ++++ +++ +++ ++
LB oD 0.542 1.167 1.633 1.6982 1.592 0.325
pH 9.93 6.46 7.0 6.79 6.81 6.94
0.1 - ++ +++ ++++ ++++ +++
‘% 0.05 | - ++ +++ +++ +++ ++
(E g 0.01 | - ++ +++ ++++ ++++ ++
PYM | OD 0.402 3.149 3.125 3.5601 3.352 3.133
pH 5.65 4.44 4.17 4.08 4.16 4.10
01 |- - - W+ - -
2 [005 |- i i W+ : :
(E g’ 0.01 |- - - W+ - -
MSM | OD 0.152 0.1091 0.518 0.3201 0.299 0.299
pH 7.06 6.91 7.35 7.27 7.46 7.46
0.1 - + ++ + - -
'é 0.05 | - W+ + + - -
E g 0.01 | - + ++ W+ - -
BG11 | OD 0.149 6.0481-3 | 0.191 2.224-2 | 2.295-2 | 2.128-2
pH 7.34 6.52 6.89 6.88 7.05 6.86
01 |- - - - - -
£ 005 - : : : : :
° ¢ [ool|- : : : : :
8
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Table 4.9 Media optimization for growth and PUFA production by isolate PSC3

Isolate PSC-3 Time of incubation in hrs.
Media | Parameters 0 24 48 72 96 120
NB oD 0.485 0.621 1.058 1.851 1.607 0.997
pH 6.90 6.80 7.84 7.95 8.18 8.30
0.1 - ++ ++++ ++++ +++ ++
'g 0.05 |- ++ +++ +++ ++ ++
E g 0.01 |- ++ ++++ +++ +++ ++
LB oD 0.542 0.256 1.857 1.843 2.021 0.438
pH 6.93 6.85 6.88 6.70 6.82 7.00
0.1 - ++ ++++ ++++ +++ ++
‘% 0.05 |- ++ +++ +++ +++ ++
E g 0.01 |- ++ +++ ++++ +++ ++
PYM | OD 0.402 2.002-3 | 2.429 3.543 3.590 3.122
pH 5.65 5.40 5.10 4.22 4.09 4.08
0.1 - - W+ W+ - -
2 005 |- i We | W i i
E g 0.01 |- - W+ W+ - -
MSM | OD 0.152 0.1957 0.674 0.409 0.368 0.335
pH 7.06 7.10 7.60 7.27 7.36 7.58
0.1 - + ++ ++ - -
l§ 0.05 |- + + ++ - -
e é 0.01 |- + + ++ - -
8
BG11 | OD 0.149 1.556-2 | 0.148 0.1061 2.034-2 1.589-2
pH 7.34 6.75 6.92 7.05 7.08 6.84
0.1 - - - - - -
£ [005 |- : : : : :
B O EEN s e E =
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4.6.3 pH optimization

After 72 hrs of incubation it was observed that isolate PLPI-1 showed maximum
production at 7pH. Very little growth were observed at pH 11 and 3 and showed no
activity for PUFA production. The isolate PDPI-2 showed maximum production of
PUFA at wide range of pH i.e. at 5, 7, and 9 but maximum production was observed at
7pH. The isolate was able to tolerate a wide range of pH and show active growth at all
pH but was highest at 7pH. The isolate PDPI-3 was able to produce maximum PUFA at
7pH after 72 hrs of incubation and similarly showed maximum growth at this pH. The
isolate TSC-2 showed maximum production at 7pH and showed highest growth at this
temperature while the isolates PSC-3 showed maximum production of PUFA at 5pH, as
the isolate was showed highest growth at this pH and similarly showed activity at pH 7 as
there growth was also observed at this pH. Throughout the study it was observed that at
pH7 the isolate showed maximum production of PUFA as the isolates were able to show

highest growth activity at this pH.

Table 4.10 pH optimization for the selected isolates

lsolates Time of incubation in hrs.
0 24 48 72

pH | oD | TTC | pH | OD [ TTC| pH | OD | TTC | pH | OD | TTC
- 3 (0227 - 320 | 0.204 | - 323 | 0228 | - 366 | 0219 | -
EI 5 |0158| - 315 | 0223 | - 335 | 0210 | - 3.66 | 0.082 | -
5 7 10095| - 732 | 0174 | + | 715 | 0429 | ++ | 7.18 | 0.620 | +++

9 |0062]| - 320 | 0.228 | - 324 | 0218 | - 329 [ 0160 | -

11 |0.025| - 315 [ 0183 | - 3.16 | 0.159 | - 3.17 | 0.096 | -

3 (0227 - 6.45 | 0174 | - 7.19 | 0605 | - 7.46 | 1.447 | -
N 5 |0158| - 6.54 | 0.156 | + | 7.27 | 0.769 | +++ | 7.66 | 1.645 | ++++
g 0.095 | - 727 | 0274 | ++ | 7.19 | 0440 | ++ | 7.26 | 0.533 | +++
o 9 |0.062 - 6.61 | 0.208 | + 7.23 | 0.805 | ++ 7.46 | 1.459 | ++++

11 [0.025| - 6.48 | 0173 | - 7.20 | 0500 | - 7.34 | 1.318 | -

3 |0227| - 9.19 | 0.080 | - 9.27 | 0.189 | - 7.86 | 0.640 | -
™ 5 [0158 | - 9.23 {0075 | W+ | 882 | 0197 | + | 7.98 |0.653 | ++
T 7 |0095| - | 751 |0233| + | 7.30 | 0398 | ++ | 7.35 | 0.447 | ++
E 9 [0062]| - 9.10 | 0.121 | W+ | 855 | 0.309 | W+ | 7.90 | 0.649 | +

11 [0.025| - 892 (0113 | - 8.04 | 0506 | - 8.26 | 0.426 | -
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3 | 0.227 - 10.25 | 0.045 - 10.21 | 0.098 - 10.12 | 0.040 -
o 5 |0.158 - 10.06 | 0.050 - 10.07 | 0.048 - 10 | 0.061 -
8 7 | 0.095 - 7.68 | 0.143 | + 7.37 | 0.299 | ++ 7.43 | 0.508 | ++
= 9 |0.062 - 10.04 | 0.072 - 10 | 0.062 - 9.85 | 0.081 -
11 | 0.025 - 10.16 | 0.047 - 10.16 | 0.052 - 10.10 | 0.036 -
3 | 0.227 - 3.22 | 0.210 - 3.28 | 0.174 - 3.36 | 0.198 -
™ 5 |0.158 - 5.99 | 0.144 - 6.74 | 0.262 - 7.44 | 1.228 -
8 0.095 - 736 | 0134 | + 7.04 | 0.265 | +++ | 7.19 | 0.443 | +++
o 9 | 0.062 - 9.21 | 0.073 | W+ | 9.14 | 0.088 | ++ 8.96 | 0.096 | W+
11 | 0.025 - 9.99 | 0.093 - 9.79 | 0.078 - 9.07 | 0.114 -

4.7 Characterization of product
The extracted PUFA was identified and characterized by TLC and FTIR analysis
4.7.1 Thin Layer Chromatography

The TLC analysis of the FAME extract of the selected isolates PLPI-1, PDP-2, PDPI-3,
TSC-2 and PSC-3 revealed wide dark spot at Rf 0.87, 0.86, 0.86, 0.87 and 0.86
respectively which was very closely related to the standard EPA, DHA spot appeared at
Rf 0.88, (RF the retardation factor, i.e. the ratio of the distance travelled by the center of
the spot to the overall distance travelled by the mobile phase). The band was observed
under UV using mobile phase chloroform/acetone/methanol/acetic acid/water
(10:4:2:2:1).

Figure 4.4 TLC analyses of isolate PLPI-1, PDPI-2, PDPI-3, TSC-2 and PSC-3.
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4.7.2 FTIR analysis

The FTIR analysis of the isolate PLPI-1, PDPI-2, PDPI-3, TSC-2 and PSC-3, FAME
extracts showed different functional groups given in the figures 7.1, 7.2, 7.3, 7.4 and 7.5.
Spectrum of all the isolates showed strong evidence of the PUFA presence especially
EPA and DHA with the standard as well online FTIR peaks representation table. Peak
value 2812-3012cm—1 region which is associated with the =C—H stretching vibration
band, the C=0 carbonyl band at 1710— 1766 cm—1, multiple C=C double bond at 1400-
1600 cm—1 while the fingerprint region below 1500 cm—1 represent huge variation for the
PUFA are present. The Complete list of functional groups are given in appendix table 7.6
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Figure 4.5 FTIR analysis of Standard PUFA obtained from The Vitamin Company
USA.
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Figure 4.7 FTIR analysis of PUFA extracted from bacterial isolate PDPI-2
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Figure 4.8 FTIR analysis of PUFA extracted from bacterial isolate PDPI-3
g R —
g .
8 .

Transmittance [%]
70

60

337a09

2811 —
20404 ——
1637.02 —

150748 —
137597 —
£15.94

T T T
3500 3000 2500 2000 1500 1000
Wavenumber cn+1

Figure 4.9 FTIR analysis of PUFA extracted from bacterial isolate TSC-2
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Figure 4.10 FTIR analysis of PUFA extracted from bacterial isolate PSC-3

4.8.1 Molecular characterization

DNA of the selected isolates was extracted and prior to PCR, run on gel for confirmation

which is shown in figure 4.11.

Control

Figure 4.11 Show DNA bands of isolate PLPI-1, PDPI-2, PDPI-3, TSC-2 and PSC-3.
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4.8.2 PCR amplification

The extracted DNA was amplified by using 16S rRNA universal primers 27F and 1492R.

The gene size approximately 1460bp was confirmed by 1% agarose gel electrophoresis

DNA Ladder

I16s rDINNA
1S00bp

Figure 4.12 Agarose gel electrophoresis with specific band size of 16S rRNA gene
4.8.3 Sequencing and Phylogenetic analysis

After 16S rRNA sequencing, the obtained sequences BLAST in NCBI, found that
Isolates TSC-2 showed 99% similarity with Alcaligene fecalis and PSC-3 showed 100%
similarity with Alacaligene fecalis. Maximum Likelihood method according Tamura-Nei
procedure was used for the determination of evolutionary history of the isoates. Highest
log likelihood (-988.3410) in the tree is mentioned. The %age of trees in which the
associated taxa clustered together is shown next to the branches. For obtaining the
heuristic initial tree, search were done automatically by applying BioNJ algorithms and
Neighbor-Join and to a matrix of pairwise distances estimated using the Maximum
Composite Likelihood (MCL) approach, and then selecting the topology with superior
log likelihood value. The tree is drawn to scale, with branch lengths measured in the
number of substitutions per site (next to the branches). The analysis involved 13
nucleotide sequences. All positions containing gaps and missing data were eliminated.
There were a total of 699 positions in the final dataset. Evolutionary analyses were
conducted in MEGAG.
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Acinetobacter spKR061907.1
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@O PsC3

65
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Figure 4.12 Phylogenetic tree of the isolates TSC-2 and PSC-3
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Discussion

The aim of the current research work was to isolate psychrophilic bacteria from
HKKH regions for the production of polyunsaturated fatty acids. These regions have
not been previously explored for the screening and isolation of PUFA producing
bacteria which will have a great impact regarding health benefits globally as the
global demand are increasing day by day for polyunsaturated fatty acid. In the present
study total 140 bacteria were isolated. Out of 140, 5 bacterial isolates were selected
for complete identification. Poly phasic approach was followed (considering both
morphological and molecular identification methods) and used for the identification.
PLPI-1 was identified as Alcaligene fecalis, PDPI-2 as Alcaligene fecalis, PDPI-3,
Alcaligene fecalis, TSC-2 as Alcaligene fecalis strain M59 showed similarity index
98% and PSC-3 Was identified as Alcaligene fecalis strain S26 showed similarity
index 99%.

Alcaligene fecalis (TSC-2 and PSC-3) is most commonly occurring bacterium in all
habitats ranging from low to high temperature, dry to aquatic habitats. A. faecalis
strains have been isolated from a various habitats including environmental and
clinical samples (Coeny et al., 1999; Nakano et al., 2013). According to many
published reports, fatty acids were the predominant compound observed from various
Antarctic bacteria including Pseudoalteromonas sp., MLY15 (Li, et al., 2009),
Micrococcus cryophilus, Flavobacterium, (Skerratt et al., 1991), Halomonas species
(Jadhav, et al., 2013), Flectobacillus species (Dobson, et al., 1993) and many other

bacterial species (Russell and Nichols, et al., 1999).

All the isolated bacteria were screened for the production of PUFA. The screening
strategy was divided into two main steps. The first step was applying the TTC
calorimetric method (as described in Methodology section) and the second was of
TLC and FTIR analysis of prepared FAMEs. The ability to reduce the TTC
(colorless) to a red-colored triphenyl formazan (TF) was found to be related to the
ability of bacteria to produce EPA (Dinamarca, et al., 2017; Ryan, et al., 2010). Ryan
and his collegue hypothesized that the ability of bacteria to reduce TTC to TF is due
to the effect of A5-desaturase, an enzyme required for PUFAS biosynthesis. The TTC
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method is an easy and fast screening method for PUFA producer’s identification
(Ryan, et al., 2010).

Five isolates PLPI1, PDPI2, PDPI3, TSC2 and PSC3 were selected on the basis of
their maximum producing ability by rapid TTC test for further proceedings. The
selected isolates were further processed for optimization on different media, pH, and
temperature as well as structural characterization of the product. The effect of
medium, temperature and pH on the production of PUFA was analyzed in term of
incubation time, after adding TTC to the bacterial culture after every 24hrs of

incubation at particular medium, temperature and pH.

The isolates were grown in different media like LB, NB, PYM, MSM, and BG 11 for
of optimum PUFA production and 15°C was used as incubation temperature as it is
reported that PUFA production may vary with growth temperature ( Freese, et al.,
2009; Freese et al., 2008). The isolate were screened for PUFA respectively after
every 24 hrs of incubation by direct TTC methods similarly done by El razak, et al.,
2014). Growth OD was taken continuously of each of the isolates after every 24hrs at
600nm. The results showed that the PLPI 1 showed maximum growth on NB after 96
hrs of incubation followed by LB, MSM, PYM and BG 11 respectively. It was noted
that maximum PUFA production was observed after 72 hrs of incubation in NB as
well as in LB agar. Similar results were also observed by (Ryan, et al., 2010; Gad et
al., 2016) and its co-worker but they isolated bacteria from marine habitat. Similarly
PDPI2 showed maximum growth after 96hrs on LB agar followed by NB, PYM,
MSM and BG 11 while isolates PDPI 3 showed maximum growth after 96 hrs on
PYM followed by LB, NB, MSM and BG11. Similarly the isolate TSC 2 showed
maximum growth after 72 hrs on PYM followed by NB, LB, MSM and BG11 while
the isolate PSC 3 showed maximum growth on PYM after 72hrs followed by NB, LB,
MSM and BG11. Throughout the study it was observed that all the selected isolates
showed maximum growth on PYM, NB, and LB broth but least growth was observed
in BG11follwed by MSM. It may be due to the highly selectivity of the BG11 media
for the growth of Cyanobacteria and it is reported that, there is no evidence of PUFA
production from these microorganism (Okoyuma, et al., 2007). The maximum
production was observed up to 96 hrs of incubation as up to these time the cell was in

log phase and after that continues decrease was observed in growth as well in PUFA
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production because within oleaginous microorganisms storage materials are produced
in plenty of times when carbon is sufficient and utilized in times of starvation but
when carbon become deficient may further reduce lipid yields (Wu, et al., 2005).
Similar results were observed in our study, up to 72 and 96hrs of incubation cell were
grown efficiently but as the depletion of carbon source occur growth and PUFA

become gradually decrease

The selected isolates were grown on various temperatures including 5, 15 and 25°C
using NB as growth medium. Variation in the incubation temperature is the sole tested
variable and significantly affects the PUFA production in bacteria. As the high
production of PUFA is achieved between 5-25°C while there is no production
reported at temperatures higher than 25°C (Nichols and McMeekin, et al., 2002; Petri,
et al., 2015). Optimum temperatures support growth of microorganism while PUFA
are low at higher temperatures. Microorganisms are reported to produce PUFA at low
temperature for maintaining their membrane fluidity however; the biomass production
may be low at this temperature (Masurkar et al., 2015; Bouzidi et al., 2005).
Komazawa et al. 2004 suggested that the growth temperature controlled in such a way
that produce product of interest in high amount. For this purpose the isolates were
kept at different temperature 15 and at 25°C and incubate for 72 hrs as was previously
optimized on growth media. After 72 hrs of incubation it was observed that all the
isolates showed maximum growth on 15°C and at this temperature the concentration
PUFA production was also high. Similar results were also noted by (Ryan, et al,
2010) for the marine isolate. The results of (Nichols et al, 2002) indicate that the
lower the temperature, the higher the EPA production. This is probably due to the
ability of EPA to keep the fluidity of the membrane in cold environment. It is due to
the adaptation of bacteria to low temperature as PUFA became the part of membrane
and help in fluidity, thus helps in adaptation of the bacteria to cope with low
temperature. Skerratt, et al., 2002, observed that decreasing the temperature from 24
to 4°C gradually become double the percentage of PUFA production. Similar result
were observed by( Michinaka, et al. (2003) that the activity of A6-destaurase
enzyme, obtained from the fungus Mucor circinelloides was doubled when the
cultivation temperature was decreased from 28°C to 15°C, leading to a significant

increase in the percentage of GLA.
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The effects of pH on the production of PUFA of selected isolates were checked on
different pH 3, 5, 7, 9 and 11. After 72 hrs of incubation it was observed that isolate
PLPI 1 showed maximum production at pH7 and their growth was also high at this
particular temperature. It may be because of the maximum growth of the isolate at this
pH and the temperature and media was also optimized for the PUFA production.
Similarly (Yazawa, et al. 1988) screened 5,000 strains of marine microorganisms for
PUFA production found that 88 of them showed a positive result. The main factor
affecting the productivity was pH where he noted that at pH 7 and 20-25°C
production was high which correspond to our finding. Very little growth were
observed at pH 11 and 3 and showed no activity for PUFA production. The isolate
PDPI 2 showed production of PUFA at wide range of pH i.e. at 5, 7, and 9 but
maximum production was observed at 7pH where there was no production at pH 3and
11. It may be because the isolate was able to tolerate a wide range of pH and shown
active growth at all pH but was highest at 7pH. Lee, et al. (2008) reported a bacterium
Shewanella sp. Strain KMGA427, isolated from marine environment are able to
produce PUFA at pH 8 and 9 which reflect our finding but our isolate is from glaciers
origin. The isolates PDPI 3 and TSC 2 was able to produce maximum production of
PUFA at 7pH after 72 hrs of incubation and similarly showed maximum growth at
this pH while the isolates PSC 3 showed maximum production of PUFA at 5pH, as
the isolate was showed highest growth at this pH. Throughout the study it was
observed that pH7 was best for growth and optimum production of PUFA.

Thin layer chromatography of the extracted FAME of the selected isolates was carried
out in chloroform/acetone/methanol/acetic acid/water (10:4:2:2:1) as the developing
solvent showed a single spot when compared with standard EPA, DHA (Rf
value=0.88) having Rf values 0.87, 0.86, 0.86, 0.87 and 0.86 for the isolates PLPI1,
PDPI2, PDPI3, TSC2 and PSC3 respectively shown in figure 4.1, 4.2, 4.3, 4.4, 4 and
4.5 respectively. Similar results were noted by Deshpande, et al, 2013 while
investigating isolation of PUFA from various fish, by using developing solvent
Benzene:chloroform (9.5:0.5 ratio) where the Rf value for EPA standard was noted
0.67 and their results were also in the range of 0.65, 0.67, 0.66 for the Omega oil.
Nikhade, et al, 2014, perform TLC for finding DHA using Benzene as mobile phase
and standard DHA, where he obtained Rf value 0.56 for the standard and Extracted
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sample, Thus variation in Rf value in the studies is due to the use of different mobile

phase while performing TLC analysis.

FTIR analysis of the extracted FAME of the selected isolate shows a strong evidence
of presence of EPA, DHA (PUFA) production by the isolates. Spectral comparison of
FAME was analyzed. FTIR spectra shown in fig. 3 Important variables were observed
and related with positive coefficients correspond with peaks at 3383, stretching
vibration band, the C=0 carbonyl band 1710 to 1766 and around 696 cm_1 (CHy)n
and cis =C—H symmetric rocking), most of the variable related to high levels of
unsaturated fatty acids (Guillen, et al., 2008; Guillen, et al., 1997). The spectra also
show the range from 3030 to 2882 cm_1 and 1810 to 1600 cm_1 and the fingerprint
region below 1500 cm_1, 1050-950 cm—1 region, which has been described to =C—H
out-of-plane bending, appear to contribute most to the prediction of total n-3 Fas
(Plans et al., 2015; bekhit, et al., 2014). FTIR spectrum of our selected isolates show
high resemblance to the previous reported spectrum for fish oil analysis describe
above thus research work indicating that bacteria from the HKKH glaciers has the
potential of PUFA production and may be good alternative for commercial

application.
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Conclusions

e Psychrotolerant bacteria were good producers of PUFA

e Optimum PUFA production was observed using Nutrient Agar as growth
medium, at 15°C and pH 7.

e The produced PUFA was confirmed through TLC and FTIR analysis which
revealed that bacteria from the glaciers has the ability to produce PUFA

e The selected bacterial isolates were identified as members of genus

Alcaligenes by 16S rRNA gene analysis.
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Future prospects

» Molecular analysis of PUFA producing genes

» Purification of individual PUFA from crude product

» Optimization of various media components for PUFA production via Placket
Berman design

> Effect of different metals and salts concentration on production of PUFA

» Stability analysis of PUFA on different pH, metals and temperatures

> Bioactivities of PUFA
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