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Chapter 1

INTRODUCTION

Archaea, prokaryotic microorganisms, live in marine and terrestrial
ecosystem. A characteristic feature of these Archaea is that they survive in
extreme conditions of temperature, salt and pH. They are considered as a separate
branch of ancient organisms evolved under conditions of high temperature,
anaerobic atmosphere and high salinity. It is also believed that they play a major
role in global energy cycles since they live in extreme conditions. Hence, it is
important to study the molecular mechanism of these organisms with regard to

their survival and metabolism at such extreme conditions.

India is the third largest salt producer in the world next to China and USA.
Salt is the common name for the substance sodium chloride (NaCl), which occurs
in the form of transparent cubic crystals. Salt, harvested through solar evaporation
from seawater or salt lakes, is used for countless purposes. One of the uses is that
it is used as a preservative in food industries to avoid microbial growth and
contamination. The organisms which love to colonize in higher concentration of

NaCl are known as halophiles.

Halophiles are known as salt lovers and these organisms live at a very
high concentration of sodium chloride. They live in salt pans and hypersaline
lakes such as the Great Salt Lake and Dead Sea where the NaCl concentration is
above 4.5M (saturated). Their populations provide the red colouration to the salt
pans. In order to maintain osmoregulation and to maintain stability and activity of
intracellular and extracellular proteins, the halophiles accumulate K+ ions

intracellularly.
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Extensive studies on extremophiles which began only in 1970’s have
shown that these organisms are treasures, that provide a wide range of
biotechnological products such as enzymes, bacteriorhodopsin, halorhodopsin,
compatible solutes, biopolymers, biosurfactants, exopolysacchrides, polyhydroxy
alkaloids, flavouring agents, antibacterial compounds, cosmetics, nutritional
supplements, molecular probes, osmoprotectants, preservatives and fine

chemicals.

Enzymes which are salt tolerant and having application in food processing
and chemical industries have also been studied. Amylase, protease, lipase,
gelatinase, cellulase, B-galactosidase, isomerase, nucleases etc., are some of the
enzymes which were isolated and characterized from halophiles. These enzymes
have diverse effect in fish and meat processing industry and in pickling industry
where the waste water contains more concentration of NaCl (Kargi et al., 2000).
Apart from these enzymes, peptidyl prolyl cis-trans isomerase an enzyme used for
production of recombinant proteins, protein stabilization, and in regeneration of
denatured proteins, have been isolated and studied. The production of a novel
cyclophilin type peptidyl prolyl cis-trans isomerase, using a gene amplified from
the genome of Halobacterium salinarum has been patented (lida et al., 1997).
Chymotrypsinogen B-like protease, which is pH tolerant (active at pH 10), has
been isolated from Natronomonas pharainis, and it functions well at higher
temperature (61°C) (Stan-Lotter et al., 1999).

Bacteriorhodopsins are purple pigments synthesized by certain species of
extreme halophiles in order to trap sunlight and proceed with photosynthesis. This
shares the same functional and structural similarities to visual pigment of the eye
rhodopsin and also known as retinal (chromophore). The chromophore is
covalently bound to a protein moiety and functions as a light dependent

transmembrane protein pump (Krebs and Khorona, 1993).
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Bacteriorhodopsins have a broad range of applications (Table 1.1) based
on the photochemical, photoelectric, and proton motive properties of this
molecule. They can be used as an optoelectronic material for holographic image
storage where the interference patterns are registered as purple or yellow areas.
These films are nowadays explored to be used as bio-electronic element in
computer memories and information processing units. This has led to the
development of new generation computers. They also have a role in bio-
photoelectrochemical reactor for photochemical hydrogen production. A chloride-
sensitive  biosensor using immobilized membrane vesicles containing
halorhodopsin has been developed to find out the concentration of chloride (Seki
et al., 1994).

C50 and C30 bacterioruberin and its derivatives are the main carotenoids
of the halobacteriaceae having economic value (Margesin and Schinner, 2001).
They give red or orange coloration to the salt pans. Halophilic ketocarotenoid
canthaxanthin is commercially produced by companies. These pigments harvest
light and support the light mediated ATP synthesis. It is also suggested that the red
Archaea and the B-carotene rich strains of Dunaliella, and red halophilic bacteria
of the genus Salinibacter raise the temperature of the salterns by trapping solar
radiation which ultimately increases the rate of evaporation thereby increasing salt

production.

Salted fishes and meat are an important economic resource in Northern
countries such as Canada and Norway. The studies conducted on spoilage of these
food products upon storage showed the presence of true red halophilic Archaea.
These halophiles developed red microbial mats on hides commonly known as red

heat or pink heat. This is due to the growth of the Archaea such as Halobacterium
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or Halococcus and the halophile populations in these products are due to the usage

of raw salt for storage.

Table 1.1 Potential biotechnological uses of bacteriorhodopsin (adopted from
Hampp, 2000).

Category Application

Proton Transport ATP generation

Desalination of seawater

Conversion of sunlight to electricity
Photoelectrism Ultrafast light detection

Artificial retinas

Motion detection
Photochromism-optical storage 2-D storage

3-D storage

Holographic storage

Associative memories
Photochromism-optical Optical bistability/light switching
processing Optical filtering

Signal conditioning

Neural networks

Spatial light modulators

Phase conjugation

Pattern recognition

Interferometry
Miscellaneous Second harmonic generation

Radiation detection

Biosensor application
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The property of spoilage of food products by halopiles upon storage has
been taken as an advantage and it is used to prepare certain traditional fermented
foods. “Nam pla” is a traditionally made fermented fish sauce in Thailand.
Microbiological survey upon this food showed the presence of the red halophilic
Archaea, Halobacterium and Halococcus. In Japan fermented salted puffer fish
ovaries in rice bran known as “fugunoko nukazuke,” also known as “Nakazuke”,
is produced by fermentation process at 10-30% salinity for one to two years. The
Korean fermented seafood “jeotgal” is produced due to fermentation by

Halomonas alimentaria (Yoon et al., 2002).

“Micrococcus varians subsp.halophilus™ halophilic nuclease H is used to
produce food flavouring agents such as 5’-guanylic acid (5’- GMP) and 5’-
inosinic acid from RNA. This enzyme degrades RNA at 60°C and 120g L™ NaCl.

Halophilic Archaea produce more amount of lipids as they grow in
medium containing higher concentration of sodium chloride. Investigation of these
lipids has shown the presence of isoprenoid diether which could be used as food

additive, to serve as emulsifier and/or as a low calorie fat substitute.

Halophilic Archaea play a major role in production of biological
polyesters also known as the thermoplastics (biodegradable plastics). These
thermoplastics are similar to polypropylene that has a high melting point.
Halophiles have shown the presence of exopolysacchrides and poly-p-
hydroxyalkanote, a copolymer of B-hydroxybutyrate and [B-hydroxyvalerate.
Exopolysacchrides are used as gelling agents, for viscosity stabilization as
thickening agents, to modify rheological properties of aqueous system,
microbially enhanced oil recovery and as emulsifiers. Natrialba aegyptiaca

(aegyptia) produces poly (y-D-glutamic acid) which has a major role as a drug
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carrier in some food and pharmaceutical industries, humectants and biodegradable

thickener.

The biodegradation potential of halophilic Archaea was studied and
degradation potential of these organisms have been explained. These organisms
have the capacity of degrading aromatic hydrocarbons such as anthracene,
acenapthene, 9-methylanthracene and phenanthrene. Crude oil degrading
Haloferax strain has been isolated which have the potential to grow on aromatic
compounds such as benzoate, cinnanate and 3-phenylpyronate. Haloarcheon
growing on saturated concentration of tetradecane, hexadecane, eicosane,
heneicisane and pristine are reported (McMeekin et al., 1993). Halogenated
hydrocarbons such as trichlorophenols or the insecticides lindane and DDT
degrading haloarchaeal strains of the genera Haloarcula, Halobacterium and

Haloferax have been subjected to patent selection process (Oesterhelt et al., 1998).

Halomonas sp. tolerant to mercury, cadmium, copper, chromium, and/or
zinc besides having the capacity to biotransform and bioremediate selenium and

uranium has been studied (D’Souza et al., 2001;Francis et al., 2000).

Ecotine and hydroxyecotine are tetrahydropyrimidines synthesized in
Haloarchaea which has the ability to protect whole cells against salt stress by
stabilizing enzymes (increase shelf life of commercially available enzyme) and
DNA membranes. They also protect thermal denaturation, desiccation and
freezing of cells. So these tetrahydropyrimidines can be used in storage of whole
cells as they keep them intact from stress. They play major role in cosmetic
industries where they are used in production of moisturizers for the care of aged,
dry or irritated skin with respect to the immune system of the Langerhans cells,
formation of heat shock proteins and protection of membrane integrity. They

protect cells from sunburns due to exposure to UV radiation (Bunger et al., 2000).
6
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Genes encoding synthesis of gas vesicles have been isolated from
Halobacterium salinarum and cloned in a vector. The gas vesicles thus produced
are used as an antigen epitope display and delivery system. Gas vesicles coupled
to haptens such as trinitrophenol or small peptides when injected to mice showed
excellent immunological response. Halophilic Archaea also prove suitable for the
expression of certain human membrane proteins. The human f, — adenoreceptor,
gene has been cloned and expressed in Halobacterium salinarium using an
expression vector for bacterio-opsin modified to express the adenoreceptors under
the control of bacterio-opsin regulatory element (Sohlemann et al., 1997). This has
proved that halophilic Archaea are suitable for expression of certain human
proteins. Production and purification are easy by bioprocess methods as these cells

lyse when comes in contact to water.

In diagnosis of cancer an archaeal 84kDa protein from Halobacterium
salinarum could be used as an antigen to detect antibodies against the human c-
myc as they share common epitopes with human c-myc protein which is an
oncogene product in the serum of certain cancer patients (Ben — Mahrez et al.,
1988, 1991). The epipodophyllotoxin VP16, an eukaryotic DNA topoisomerase Il
inhibitor when treated with Halobacterium cells induced DNA strand breaks and
DNA Protein covalent linkage. This suggested that halophilic Archaea can be used
to prescreen antitumor drugs active on eukaryotic cells. The stimulatory effect of
Halococcus morrhuae on human lymphocytes was judged by *H — thymidine
uptake (Montes et al., 1999).

Halophilic Archaea are inhibited by several drugs which has the property
to interact with eucaryote, tubulin, actomyosin and DNA topoisomerase Il. So it is
possible that those proteins which may be the target of such drugs are present in

Archaea and hence they could be used as a source of drug testing. Archaeal ether

7
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lipid liposomes (“archaeosomes”) have been tested as delivery system for vaccine
and drugs (Patel and Sprott, 1999).

The halocin produced by Haloferax gibbonsii (halocin H6/H7) functions
as haloarchael Na*/H" antiporter inhibitor. This was reported to decrease infract
size and ectopic beats after myocardial reperfusion in dogs and decreased A — V
intrinsic nodal conduction and heart rate in isolated rabbit hearts. This
characteristic of the halocin protect the myocardium against ischemia and
reperfusion injury and reduce injury during organ transplantation (Alberola et al.,
1988).

Halophilic Archaea are considered as an excellent source of biomolecules
of commercial importance. However problems are associated with large scale
production with respect to fermentation process development, derivation of new
and novel proteins and metabolites, and their purification processes. To overcome
these problems it is necessary to have intensive research in this field. Genome
sequencing and molecular biology techniques have to be customized and new
designs of experiments to be programmed and executed to explore this less
explored halophilic Archaea. In this context in the present study an attempt was
made to explore the prospects of deriving halocins that have wide range of

applications.



OBJECTIVES OF THE PRESENT STUDY

In spite of the fact that halocin production is widespread among the
Halobacteriaceae, no information is available on their ecological significance.
Whereas, halocins may play a role in the interspecies competition between different
types of halobacteria in saltern crystallizer ponds inhabited by dense communities of
these red halophiles. The haloarchaea bacteria are anticipated to synthesise novel and
potential bioactive substances that may have pharmaceutical applications besides
other applications. Further studies pertaining to microbiology of saltern ponds of
South India which contribute to significant amount of commercial salt production has
not been made adequately. In this context the present study was aimed to explore the

prospects of harnessing halophilic bacteria for possible bioactive substances.

1.2 Specific objectives of the present study include:

1. Screening for halocin producing haloarchaea from salt pans of
Kanyakumari, Tamilnadu, South India.

2. Characterization of halocin producing bacteria employing phenotypic and
genotypic approaches.

3. Optimization of bioprocess variables for halocin production by selected
strain of halophilic bacteria.

4. Purification and characterization of halocin produced by selected strain of
halophilic bacteria.

5. Application studies of halocin produced by selected strain of halophilic

bacteria.
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Table 2.2 Kushner’s five division of microbes based on NaCl requirement

non-halophilic <0.2M (1%) NacCl

slight halophiles 0.2 -0.5M (1 - 3%)NacCl
moderate halophiles 0.5-2.5M (3 - 15%)NacCl
borderline extreme halophiles 1.5-4.0M (9 - 23%) NaCl
extreme halophiles 2.5 -5.2M (15 - 32%) NaCl

Halotolerant microbes are another group which grow best in media
containing less than 0.2 M (1%) salt and also can survive/tolerate high
concentrations of salt (Arahal and Ventosa, 2002; Yoon et al., 2003). Halobacteria
belongs to the domain Archaea and they require 4-5M NaCl for survival below

which they could not survive and is characterized by cell lysis (Meral et al., 2007).

Extreme environments such as salt marshes, hypersaline lakes, saline
ponds, hot springs and salt deposits are distributed throughout the world. These
environments are also characterized by their varying pH ranging between 6 to 11.
Salt evaporation ponds/solar salterns are regions for salt extraction for commercial
purpose. They are considered as natural resources for studying salt precipitation
and related biogeochemical processes (Blatt et al., 1980). Halophilic
microorganisms living in these environments are distributed among all three
domains of life. (Benlloch et al., 2002; DasSarma and DasSarma, 2006). The
dominant microbial population was found in the Halobacteriaceae families which
are especially reported in halites that contain more than 32% (w/v) NaCl (Oren,
2002; Mani et al., 2012). These hypersaline lakes are generally red in colour
which is due to the presence of pigmented halophilic archaea (Yildiz et al., 2012)
and the eukaryote Dunaliella (Mancinelli, 2005). Studies on halophilic archaea

have become a hot area of research as more understanding is required about their
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metabolism as the environment which they survive are extreme. (Bonete, 2008;
Falb et al., 2008).

2.2 Halobacteriaceae

The species belonging to Halobacteriaceae family is classified based on
polyphasic taxonomy (Oren et al., 1997). Evaluation of properties such as cell
morphology, growth characteristics, chemotaxonomic traits and nucleic acid
sequence analysis included main characteristics. Chemotaxonomic traits included
the isolation, characterization, examination and identification of polar lipids, as
many genera have a distinctive polar lipid signature (Kamakura, 1998, 1999;
Torreblanca et al., 1986).

2.2.1 Molecular taxonomy

In recent years molecular characterization of Archaea by the
comparison of 16S rRNA gene sequences has contributed much to identification
and classification of the species within the Halobacteriaceae. Molecular
characterization has also led to creation of new genera, splitting of existing genera
into a number of new genera and also identification of genera which were

classified earlier as separate genera (Kamakura, 1998, 1999; Oren et al., 2001).

The studies conducted on 23S rDNA on taxonomy showed that the
halobacterial genes have been diverged over a relatively short time interval
(Lodwick et al., 1994). Briones and Amils (2000) reported that the topology of
phylogenetic tree made from 23S rRNA sequences may be completely different
from that of 16S rRNA sequences.

12



Chapter 2

Multilocus sequence analysis (MLSA) is a method that uses more
information regarding the phylogenetic information which could be obtained than
the 16S rRNA gene sequence comparison studies (Oren & Ventosa, 2010; Arahal
et al., 2011). Papke et al., (2011) pointed out that few housekeeping genes
contribute to MLSA based on a study conducted with 33 species belonging to 14
genera (Table 2.3).

Table 2.3 Genes that contribute to MLSA

Gene Function

atpB ATPase subunit

EF-2 protein synthesis elongation factor
radA DNA repair

rpoB RNA polymerase subunit

secY protein export through the membrane

The comparison studies made with 16S rRNA, atpB, bop, EF-2 and radA as
marker genes between Halorubrum strains isolated from Spanish saltern and a salt
lake in Algeria explained the relationships between different isolates belonging to
a single genus. Halobacteriaceae family was further split into two families based
on the presence of two clusters of the pyrD gene (coding for dihydroorotate
oxidase), the IpdA gene (dihydrolipoamide dehydrogenase) immediately upstream
to 16S rRNA gene of the rRNA operon. It was said that based on single genotypic
property, splitting of the family could not be done and it could be done only based

on phenotypic properties.

2.2.2 Chemotaxonomy
The membrane lipids in Archaea are specific to some genus of extreme

halophiles and so they play a major role in differentiation between genera. This
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specificity of lipids has lead scientists to use core lipids, phospholipids and
glycolipid structures as molecular markers in taxonomic classification (Grant and
Larsen, 1988; Kamekura, 1999).

The difference in the cell wall composition is also used in taxonomic
classification. The glycoprotein subunits of the family Halobacteriaceae (Guan et
al., 2011), repeating units of a poly (L-glutamine) glycoconjugate the cell wall of
Natronococcus occultus (Niemetz et al., 1997) and complex polysaccharide wall
of the genus Halococcus (Schleifer et al., 1982) play a major role in taxonomic
classification. In Haloferax volcanii the NaCl concentration has a direct impact on

the S — layer glycoprotein N-glycosylation in the cell wall (Guan et al., 2011).

2.2.3 Lipid core structural diversity

The family Halobacteriaceae has been studied well for the structure and
diversity of membrane core lipids (Gambacorta et al., 1994; Grant et al., 1998;
McGenity et al., 1998). C,Cy lipid (sn-2,3-diphytanylglycerol) core was found
specifically in Halobacterium, Haloarcula, Haloferax, Halobaculum and
Halorubrum (Kamekura and Kates, 1999). CyCyx and Cyy Cys (sN-2
sesterterpanyl-3—phytanyl-glycerol) were present in Halococcus,
Natronobacterium, Natronococcus, Natronomonas, Natrialba, Natrinema,

Haloterrigena and few more.

2.2.3.1 Polar lipid structural diversity

2.2.3.1.1 Phospholipids

Halobacterium, Haloarcula, Haloferax, Halorubrum, Halobaculum,

Halococcus, Natranobacterium, Natranococcus, Natranomonas, Natrialba,
14
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Halogeometricum, Natrinema and Haloterrigena contain Phosphatidylglycerol
phosphate — methyl ester (PGP - Me), Phosphatidyl glycerol (PG) and
Phosphatidic acid (PA) (Ross et al., 1985; Tindall, 1992; Kates, 1995).
Natranococcus occulutus contains PGP — 1°,2’—cyclic phosphate (PL2) (Lanzotti
et al., 1989) as well as PG and PGP-Me . A monoisoprenyl analogue of PGP-Me
with both C,Cy and C,sCys lipid cores have been identified in Halococcus

saccharolyticus (Moldoveanu et al., 1990).
2.2.3.1.2 Glycolipids

Along with 16S rRNA gene molecular characterization the glycolipid
composition has given a strong base to identify Archaea especially

Halobacteriaeae family.

Table 2.4 Glycolipid composition of few Halobacterial genera

S.No Halobacterial genera Glycolipid found

1 Halobacterium S-TGD ,S-TeGD

2 Haloarcula TGD-2 ,DGD-2

3 Haloferax S-DGD-1

4 Halococcus S-DGD-1 ,P-TGD (Moldoveanu et
al.,1990)

5 Halobaculum S-DGD-1 AND UNIDENTIFIED
GLYCOLIPIDS

6 Natronobacterium NO GLYCOLIPIDS (Tindall, 1992;
Ross et al., 1985)

7 Natranococcus NO GLYCOLIPIDS

8 Natrialba S,-DGD-1 (Matsubara et al., 1994)
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9 Natranomonas NO GLYCOLIPIDS (Grant et al.,
1985; Kamekura, 1997)

10 Halogeometricum UNIDENTIFIED NON-SULFATE
(Rodriguez et al., 1998)

1 Haloterrigena S,-DGD-1 AND UNIDENTIFIED
GLYCOLIPIDS (Ventosa et al.,
1999)

S-TGD: 3-HSOs;-tri glycosyl-glycodiether; S-TeGD: 3-HSO;-Galp-a(1—2)-Glcp-a(1—1)-sn-
glyceroldiether; TGD-2: Glcp-f(1—6)- Manp-a(1—2)-Glcp-a(1—1)-sn-glyceroldiether; DGD-2:
Man-Glc,glycerol-diether; S-DGD-1: 6-HSOs-Manp-4(1—6)-[Galf-a(1—3)]- Manp-5(1—2)-Glcp-
a(1—1)- sn-glyceroldiether; P-TGD: phospho-triglycosyl-glyceroldiether; S,-DGD-1: 2,6-HSO;-
Manp-a(1—2)-Glcp-a(1—1)-sn-glyceroldiether

Techniques such as the characterization of cellular protein patterns by gel
electrophoresis (Hasselberg and Veerland, 1995; Zvyagintseva et al., 1999) and
antigenic fingerprinting (Conway de Marico et al., 1986) have also proven useful

in taxonomic characterizations, but they have not been extensively used.

The strains Halobacterium halobium, Halobacterium salinarum and
Halobacterium cutirubrum are now unified in a single species, Halobacterium

salinarum based on antigenic fingerprinting (Oren and Ventosa, 1996).

Apart from the above said the chemical structures of quinones and
polyamines could also be taken for taxonomic classification (Oren, 2006). In
many prokaryotes these polyamines can be used as chemotaxonomic markers but
the Halobacteriaceae cells contain very low amounts of polyamines, near or
below detection level. Polyamines such as putrescine, spermidine, spermine and
agmatine (Cateni-Farina et al., 1985; Hamana et al., 1985, 1995; Kamekura et al.,
1986) have been detected so far. MK-8 and MK-(8-VI111-H2) (Collins et al., 1981)
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are the most abundant isoprenoid quinones found in the family Halobacteriaceae.
The concentration of these two varies according to the cultures age and the growth

mediums salinity (Tindall et al., 1991).

2.3 Distribution of Haloarchaea

Haloarchaea are distributed in saltern ponds and have been isolated and
characterized. These include saltern ponds worldwide: Great Salt Lake, the Dead
Sea (Arahal et al., 1996; Bodaker et al., 2010), saline lakes in Inner Mongolia
(Pagaling et al., 2009), African soda lakes, deep-sea brines (Wielen et al.,
2005;Das Sharma and Das Sharma, 2012), Sereflikochisar salt lake in central
Turkey (Birbir and Sesel, 2003), Salt mine in Central Anatolia ,Turkey (Yildiz et
al., 2012), Salar de Atacama, Chile (Catherine et al.,2001), Ayvalik Saltern,
Turkey (Elevi et al., 2004), Goa salt pans, India (Mani et al., 2012), Secovlje solar
saltern, Slovenia (Pasic et al., 2005), Tuz Lake, Turkey (Mehmet et al.,
2008), Tunisian multipond solar saltern, Tunisia (Baati et al., 2008) and many

others.

About 10*-10° colony-forming units of extremely halophilic bacteria per
gram salt and 10°-10° colony-forming units of extremely halophilic bacteria per
mL were found in the samples collected from Sereflikochisar salt lake in central
Turkey (Birbir and Sesel 2003). Dombrowski (1961, 1963) and Reiser and Tasch
(1960) reported the presence of viable micro organisms in rock salt. Rippel (1935)
demonstrated that bacteria-like rods were present in dissolved rock salt residues
and thin sections of rock salt, but he failed to culture these viable microorganisms
(Bien, 1965). Later these organisms were cultured which were rod-shaped and

coccoid neutrophilic cells, but some species were pleomorphic. Walsby (1980)
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observed flat and square boxes to rectangular shaped organisms for the first time

and named them Halogquadratum walsbyi.

Recently it was reported that the family Halobacteriaceae consists of
nearly 130 species with validly published names (Oren, 2012). Metagemomics is a
culture independent method which gives a clear idea that there are many new
species yet to be isolated and characterized (Bodaker et al., 2010; Narasingarao et
al., 2011; Ghai et al., 2011).

Archaea isolated from saltern ponds include the type strains of
Halorubrum trapanicum (Elazari-Volcani,1957), Halorubrum saccharovorum
(Tomlinson and Hochstein, 1972), Halomonas elongate (Vreeland et al., 1980),
Haloferax mediterranei (Rodriguez-Valera, 1980), Haloarcula californiae (Javor
et al., 1982), Haloarchula hispanica (Juez et al., 1986), Haloferax gibbonsii (Juez
et al., 1986), Haloferax denitrificans (Tomlinson et al., 1986), Halococcus
saccharolyticus (Montero et al., 1989), Haloarcula japonica (Takashina et al.,
1990), Halomonas salina (Valderrama et al., 1991), Halorubrum coriense (Nuttall
and Dyall-Smith, 1993), Natrialba taiwanensis (Kamekura and Dyall-Smith,1995;
Hezayen et al., 2001), Halogeometricum borinquense (Montalvo-Rodriguez et al.,
1998), , Natrinema pellirubrum (McGenity et al., 1998), Haloterrigena
thermotolerans (Montalvo-Rodriguez et al., 2000), Natrinema versiforme (Xin et
al., 2000), Natrialba aegyptiaca (Hezayen et al., 2001), Salanibacter ruber
(Anton et al., 2002), Natrinema altunense (Xu et al., 2005), Natrinema ejinorense
(Castillo et al., 2006), Halomarina oriensis (Inoue et al., 2010). The phylogenetic
tree representing the classification of family halobacteriaceae based on 16S rRNA
gene sequence (fig 4.57-APPENDIX) and the position of Halobacteria in the
Euryarcheota phylum is represented as cladogram (fig. 4.58-APPENDIX).
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2.4 Halophilism

Haloarchaea produce organic solutes which maintain the concentration of
ions both inside and outside the cell in order to keep themselves intact and survive
in high saline environments (Gonzalo et al., 2002; Jan et al., 2007; Torsten et al.,
2007). To survive in such conditions, the halophilic Archaea accumulate
potassium ions inside their cells to balance the high salt content of the
environment. This mechanism is named as the “salt-in-cytoplasm mechanism”,
which was first observed and discovered in Halobacteria. This is considered as a
typical archaeal strategy of osmoadaptation. The halophilic environment contains
saturated concentrations of NaCl but halophilic Archaea keeps the cytoplasm free
of sodium ions. They accumulate potassium in the cell through an energy-
dependent potassium uptake system, together with its counter ion CI". Thus it
increases the concentration of potassium ions upto 100 times greater inside the cell
with respect to its surrounding environment. This was clearly explained in
Haloanaerobium praevalens which showed a higher rate of K* ions with respect
to Na* ions during the exponential phase and Na" ions replaces K * ions when the
cells entered stationary phase (Oren et al., 1997). Studies conducted on
Haloanaerobium acetoethylicum showed that Na" could be the major cation in
stationary cells as well as in exponentially growing cells (Mermelstein et al.,
1998). Those studies conducted clearly indicated that the accumulation of
potassium and/or sodium in the cytoplasm takes place only when they are exposed
to an ionic environment. The Halophilic archaea habituating saturated salt
concentrations outcompete organic-osmolyte producers, proving members of the
“salt-in-cytoplasm mechanism” as extreme halophiles (Kunte et al., 1999). This
ability differentiates them from halophilic bacteria that usually accumulate
compatible solutes (betaine, ectoine) to counteract the high external salt
concentrations (da Costa et al., 1998; Ochsenreiter et al., 2002; Roberts, 2005).
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They are often considered as dependable source for deriving novel enzymes, novel
genes, bioactive compounds and other industrially important molecules. Protein
antibiotics have potential for application as preserving agents in food industry,
leather industry and in control of infectious bacteria and hence there is great

interest in isolation of potential proteinaceous bioactive substances.

2.5 Haloarchaea and halite precipitation

There are several possible processes by which brines form: (i) natural
recrystallization of hydrated minerals, forming residual brines; (ii) influx of
surface water or ground water; (iii) condensation of air used for ventilation; (iv)
locally introduced water, spills, etc.; and (v) water deliberately injected into salt

horizons for extraction as brine (solution mining) (McGenity et al., 2000).

Evaporation of sea water from salt pans brings precipitation of salt to its
saturation point and crystallizes the salt. The calcium ion are precipitated in the
form of gypsum which results in formation of concentrated sea water, which is
now shifted to the next crystallizer pond where NaCl precipitate as crystals (Javor,
2002). The importance of microbes in contribution towards salt formation is of
greater importance and studies conducted revealed few facts. It is reported that the
microorganisms in the ponds contribute to NaCl crystallization by heating the
ponds to higher temperatures rapidly. This was confirmed when the studies on the
pigment carotenoid, a light harvesting molecule was conducted (Jones et al., 1981;
Javor, 1989)

The salt crystal thus formed ‘the halite’ is loaded with halobacterial cells
inside. The group colonizing inside the halite may be haloarchaea which requires a

minimum of 2.5M NaCl for survival (Grant et al., 1989). When the concentration
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of NaCl increased above 20% (w/v) up to halite saturation [< 32% (w/V)],
haloarchaea became the dominant microorganisms (Benlloch et al., 1996). This
life inside the halite is possible by the formation of larger fluid inclusions (Norton
and Grant, 1988). Brian et al. (1990) demonstrated that haloarchaea survives in
halite for more than 30000 years. He proved the presence of motile haloarchaeal
cells inside the halite after several weeks which remained viable inside fluid
inclusions for 6 months and more (Norton and Grant, 1988). Bain et al. (1958)
recovered viable “pink bacteria’, haloarchaea, from solar salt that had been in
storage for 4 years, while Dombrowski (1966) recultivated bacteria encased in salt

after 5 years.

Lopez-Cortes et al. (1994, 1998) have conducted experiments and
substantiated the role of Halobacteria in halite formation. They inoculated
haloarchaea with NaCl in medium and had a control only with NaCl,
uninoculation. The strains used were Halobacterium halobium NRC-817,
Haloarcula vellismortis ATCC29252 and Haloarcula sp. 8807. The results
showed that halite formation occurred in all the conditions including control but
there was a difference in the halite size. Inoculated medium showed a larger size
of crystal comparison to the control. Control yielded 1-8mm size halite where as
the halite size was 1-25mm in the presence of Halobacterium halobium NRC-817,
1-15mm in the presence of Haloarcula vellismortis ATCC29252 and Haloarcula
sp. 8807. The S-Layer in the halophiles plays a major role in formation of salt
crystals. The S-Layer gets modified in the presence of excess NaCl and leads to
the precipitation of ions on the S-Layer, may be due to bio-mineralization (Maria
et al., 2004) or biosorption (Tsezos, 1985; Tsezos and Deutschmann, 1990) and
forms dendritic crystals and cubic crystals. Due to this mineralization/ biosorption

process, a honey comb like structure formation occurs which indicates the
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reassembling of S-layer. These reassembled units are suspected to act as template

for crystal nucleation and growth (Maria et al., 2004).

The haloarchaeal population affects crystallization in several ways: it
leads to an increase in the size and number of crystals (Lopez-Cortes et al., 1994);
results in bigger fluid inclusions (Norton and Grant, 1988); encourages dendritic
crystals (Norton and Grant, 1988; Lopez-Cortes et al., 1994); accelerates crystal
formation (Norton and Grant, 1988) and sometimes encourages the formation of
salt ooids (Castanier et al., 1999).

Halophiles such as bacteria (Salinibacter sp.), Archaea (Halobacterium
sp.) and eukaryotes like fungi (Hortaea sp.) and algae (Dunaliella sp.) might
thrive symbiotically (Bardavid, 2008) and give pink or red coloration to the salt
pans (Oren, 1994, 2002, 2008, 2009) due to the presence of carotenoids and
bacteriorhodopsin pigments in the brines due to high halophile densities. These
pigments act as a protectant to the cells from the harmful effects of ultraviolet
light (Shahmohammadi et al., 1998) and also encourage evaporation by trapping
solar radiation. This evaporation leads to NaCl precipitation due to which the
haloarchaea gets trapped inside fluid inclusions that can constitute 2 £ 6% (w/w)
of freshly harvested solar salt (Lefond, 1969). This precipitation phenomenon is
universal (Norton and Grant, 1988; Castanier et al., 1999). In order to study and
understand the role of halophiles in the salt evaporates and their survival inside
salt crystals a clear understanding of the geology and geochemistry of evaporates
as well as information about isolated microorganisms are necessary (McGenity et
al., 2000).
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2.6 Archeocins

Bacteriocins are compounds produced by bacteria showing antagonistic
property against micro organisms. They may also be termed as ‘bacteriocin-like
substances’ as they might be proteins or complexes of proteins, and they are not
active against the producer strain. The bacteriocin-like substances produced by the
domain Archaea are known as archeocins and are of two types, the halocins

produced by haloarchaea and the sulfolobicins produced by sulfolobous.

Tamar and Oren (2000) conducted experiments to test whether halocins
play a role in the interspecies competition between different types of halobacteria
in saltern crystallizer ponds inhabited by dense communities of red halophiles.
They assayed halocins activity against a variety of halobacteria in salterns from
different locations worldwide. No halocin activity was detected in any of the
brines examined but the isolates of these brines showed halocin activity against
sensitive halophiles upon culturing. This showed that the halocin do not play any
major role in the competition between the halobacteria in hypersaline aquatic

environment.

2.6.1 Sulfolobicin

Prangishvili et al. (2000) were the first to report sulfolobicins by
Sulfolobous islandicus. The sulfolobicin inhibited S. solfataricus P1, S. shibatae
B12, and six non-producing strains of “S. islandicus”. Activity of sulfolobicins
was reported to be archaeocidal but not archaeolytic. It did not inhibit S.
acidocaldarius DSM639, Halobacterium salinarum R1 or Escherichia coli
(Prangishvili et al., 2000). As observed with other bacteriocins, sulfolobicin was

apparently not released from the producer cells in soluble form in liquid medium
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but remained bound to the membranes of the cells or of cell-derived S-layer-
coated membrane vesicles. This characteristic makes this a special type of
archeocin. The supernatant of the grown organism did not show any antagonistic
activity but upon concentrating it 100 folds it showed antagonism. Purification of
sulfolobicin was achieved by harvesting late stationary phase cells followed by
sonication. The cell debris was precipitated by high speed centrifugation and the
release of sulfolobicin was attained by addition of TritonX100 as they were
membrane bound. Sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) followed by size exclusion chromatography (30 - 40kDa) showed
that the sulfolobicin was 20kDa size protein. Activity of the purified sulfolobicin
remained stable for 6 months at 4°C and at 85°C it remained active for 5 days and
pH 3.5 to 6.5 (Prangishvili et al., 2000). The chemical nature of the sulfolobicin
was studied by incubating the purified compound with glycolytic, lipolytic and
proteolytic enzymes. No decrease of sulfolobicin activity was detected after
treatment with glycolytic or lipolytic enzymes. Incubation of proteolytic enzymes
tested led to the complete loss of sulfolobicin activity, indicating that an intact

protein is required for activity. (Prangishvili et al., 2000).

Sulfolobicins exhibit some classical bacteriocin characteristics, as they are
proteinaceous and are directed against strains that are closely related to the
producer. Although some of the producer strains contain conjugative plasmids,
neither sulfolobicin production nor immunity was transferred to non-producer
strains, suggesting that the genes for these traits may be located on the

chromosome (Prangishvili et al., 2000).

2.6.2 Halocin

Haloarchaea were the first members of Archaea found to produce

proteinaceous bacteriocins which are released into the environment and it is a
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universal characteristic of halophilic bacteria (Rodri’guez-Valera et al., 1982).
These proteinaceous bacteriocins, termed as halocins, act against related species
and are universally produced by halophilic Archaea (Torreblanca et al., 1994).

Halocin could be classified into two types

i.  Microhalocin (peptides) - <10kDa size

ii.  Protein halocin - >10kDa size

Eventhough several halophilic Archaea are being explored for halocin
production, only very few halocins have been studied up to their molecular level.
Their mode of action against halophiles as a defense is yet to be understood
clearly (Tamar and Aharon, 2000; Meseguer and Rodri’guez Valera, 1986).
Moreover, all haloarchaea are not sensitive to any particular halocin, and a
*‘sensitive’” strain is the one which elaborates a zone of inhibition on a double -

agar overlay plate in response to the presence of halocin (Pasi et al., 2008).

Halocin A4, G1, R1, H1, H2 (O’Connor and Shand, 2002); H3, H5
(Rodr1’guez-Valera et al., 1982; O’Connor and Shand, 2002); H4 (Sun et al.,
2005; Gonzalo et al., 2002; O’Connor and Shand, 2002); H6/H7 (O’Connor and
Shand, 2002; Li et al., 2003); S8 (O’Connor and Shand, 2002); C8 (Li et al., 2003,
Sun et al., 2005), Sech7a (PaSi et al., 2008) and KPS1 (Kavitha et al., 2011) are
few halocins reported till date and only few of them are studied up to molecular
level (Table 2.5) .

2.6.2.1 Halocin assay

The halocin activity is determined using serial two-fold critical end point

dilutions to extinction (Meseguer et al., 1986) and expressed as arbitrary units
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(AU), (Figure 2.1) which are defined as the reciprocal of the first dilution at which
all trace of inhibitory activity disappears (Cheung et al., 1997). Thus the expressed
AU are standard values. The activity of halocin is expressed in terms of
centimeters, for halocins that showed low level of activities, according to the
following expression: Halocin activity (cm) = (inhibition halo diameter - well
diameter)/2 (Torreblanca et al., 1989).

+ u 2 =
4 & 16
\ [ 128 256
1024
2045 4096

Figure 2.1 Twofold serial dilution method for halocin assay (Meseguer et al.,
1986)

2.6.2.2 Halocin H4

Halocin H4 (HalH4) produced by Haloferax mediterranei R4 (ATCC
33500) isolated from solar saltern lakes of Spain, was the first halocin discovered
(Rodri'guez-Valera et al., 1982). The molecular mass of this halocin was
determined as 28kDa by SDS- PAGE (Meseguer and Rodri'guez Valera, 1985)
and as 34.9kDa by cloning and expressing the gene (Cheung et al., 1997). This
34.9kDa HalH4 was reported to be processed from a preprotein of 39.6kDa which

contains the 46 aminoacid N-Terminal Tat signal sequence (Cheung et al., 1997).
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Halocin H4 is encoded by a 1,080-bp open reading frame that corresponds to a
polypeptide of 359 residues (Cheung et al., 1997). It was also found that the
HalH4 contains a hydrophobic region which is said to have a major role in binding
to the target site (Shand et al., 1999). The actual target site of HalH4 is not
determined (Meseguer et al., 1995). Upon exposure, the sensitive cells
Halobacterium salinarum swells and becomes spherical due to ionic imbalance

and lyse (Meseguer and Rodri'guez Valera, 1986).

2.6.2.3 Halocin S8

Halocin S8 (HalS8) is produced by haloarcheon S8a, isolated from the
Great Salt Lake, Utah (Price and Shand, 2000). This contains only 36 aminoacids
and is called as a microhalocin. This inhibits Hbt. salinarum NRC817,
Halobacterium sp. strain GRB and Hfx. gibbonsii (Price and Shand. 2000). HalS8
is resistant to heat, trypsin digestion and organic solvent (Price and Shand, 2000;
Shand et al., 1999). Its molecular weight was determined as 3.58kDa (Price and
Shand, 2000). The halocin S8 is encoded by 933bp open reading frame which
yields the preproprotein of 311 aminoacids which has to undergo processing at
two different sites to yield three peptides (i) a 230 aminoacid N-Terminal protein
containing the Tat signal peptide (ii) a 45amino acid C-Terminal peptide and (iii)
a 36 aminoacid mature halocin (in between the both peptides) which is unusual
and this is attained by some uncharacterized haloarcheal protease (Price and
Shand, 2000). This preproprotein contains 230 aminoacids in the N-Terminal
region, 45 amino acids in the C-Terminal region and this plays major role in the
halocin immunity, induction, translocation and regulation (Price and Shand,
2000). Edman degradation of purified HalS8 revealed a 47% hydrophobic, 36-
amino- acid peptide and BLAST searches of HalS8 revealed no homology with

any protein in the database (Price and Shand, 2000). The gene for HalS8 has been
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cloned and sequenced, and contour - clamped homogeneous gel electrophoresis
analysis shows that it is located on a 200kbp megaplasmid. Aminoacid sequence
reported for HalS8: SDCNINSNTAADVILCFNQVGSCALCSPTLVGGPVP
(Price and Shand, 2000)

2.6.2.4 Halocin H6/H7

Halocin H6 (HalH®6) is produced by Haloferax gibbonsii strain Ma2.39. It
was first isolated from solar saltern, Alicante, Spain (Torreblanca et al., 1989).
HalH6 was purified using hydroxylapatite chromatography, gel filtration
chromatography on sephadex G50 and HPLC on Spherogel column and the
molecular weight of HalH6 was determined as 32kDa from SDS-PAGE
(Torreblanca et al., 1989). Halocin H6 retained 100% activity upon exposure to
90°C for ten minutes and retained 50% activity upon exposure to 100°C for 10
minutes but lost its whole activity upon autoclaving (Torreblanca et al., 1989). It
was resistant to trypsin and sensitive to pronase. Unlike other antibiotics the
production of HalH6 was not inducible by UV light or acridine orange. The
halocin was actually a 3kDa protein which was combined with a carrier protein
and showed the molecular mass of 32kDa. Upon denaturation conditions the 3kDa
mature protein was released. This halocin was named as halocin H7 (HalH7) and

characterized as microhalocin (Shand and Kathryn, 2007).

2.6.2.5 Halocin C8

Halocin C8 (HalC8) is produced by Halobacterium strain AS7092
isolated from the Great Chaidan Salt Lake in Qinghai province in the People’s
Republic of China (Li et al., 2003; Sun et al., 2005). It inhibited 16 haloarchaeon

strains, which included three alkaliphilic halobacteria that grow optimally at pH
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9.5. It was concentrated by Tangential flow filtration (TFF) and purified using
sephadex G50 Gel filteration column and DEAE-sepharose fast flow
chromatography. The gel filtered elutes were subjected to Tricine SDS PAGE.
The molecular weight of this halocin was found to be 6.3kDa and it was found to
be a single peptide (Li et al., 2003).

Cloning and sequence analysis of the HalC8 gene showed that this
microhalocin was 7.44kDa in size and constituted with 76 aminoacids. This is rich
in cysteine and contains 283 amino acids in the C-terminal region which is also
known as ProC8 and the processing of this HalC8 starts at this region. The N-
Terminal region contains the Tat leader sequence followed by a 207 amino acid
known as the Hall which is rich in hydrophilic aminoacids and this region confers
immunity. This was the first report of a single gene encoding for an antimicrobial

peptide and immunity (Sun et al., 2005).

2.6.2.6 Halocin A4

Halocin A4 (Hal A4) was isolated from uncharacterized haloarchael strain
TuA4 isolated from Tunisian saltern. It has a broad spectrum of antagonist activity
and inhibited crenarchael hyperthermophile S.solfataricus and mutants of
S.solfataricus has also been isolated which is resistant to HalA4 (Haseltine et al.,
2000). HalA4 was purified by gel filtration chromatography and RP HPLC
(Shand, 2006). It has a molecular mass of 7,435Da determined by mass
spectrometry and was found to have both acidic and hydrophobic nature (Shand
and Leyva, 2007).
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2.6.2.7 Halocin H1

Halocin H1 (HalH1), obtained from the supernatant of H. mediterranei
M2a (previously known as H. mediterranei Xia3) was initially described by
Rodr1’guez-Valera et al. (1982). This halocin was found to have a broad inhibitory
spectrum among different haloarchaea. It was initially purified by column
chromatography using CNBr-Sepharose 4B and hydroxylapatite Bio-Gel HTP.
The molecular weight was determined to be 31kDa by SDS PAGE. It is salt
dependent and required a minimum of 5% of NaCl to retain its activity (Platas et
al., 2002). HalH1 is heat labile (Platas, 1995) and the production was increased
when grown in N-Z amine E. The halocin yield was 1,280AU/ml whereas in the
presence of other nutrients the production fluctuated between 0-320AU/ml (Platas,
1995; Shand and Leyva, 2007). HalH1 is effective against haloarchael organisms
classified within the same genus than the producer strain. The mechanism of
action of HalH1 is still unclear but preliminary experiments showed that its effects
on H. salinarum NRC 817, were similar to those observed for halocin H4 (Platas
et al., 2002).

2.6.2.8 Halocin R1

Halocin R1 (HalR1) is the second microhalocin to be characterized. It is
produced by Halobacterium. salinarum GN101 isolated from a solar saltern in
Guererro Negro, Mexico by Barbara Javor (Ebert et al., 1986). Its molecular
weight was determined to be 3.8kDa. Rdest and Sturm (1987) reported that
Halocin R1 was 6.2kDa and later it was found that this 3.8kDa protein is
associated with a carrier protein which gets detached upon heating and gel
filtration (Shand et al., 1999; O’Connor, 2002). This microhalocin has been fully
sequenced by Edman degradation and was found to have very close similarity and

identity to HalS8. (Price and Shand, 2000; O’Connor, 2002; O’Connor and
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Shand, 2002). The Aminoacid sequence reported for HalR1l is as follows:
LQSNININTAAAVILIFNQVQVGALCAPTPVSGGGPPP (O’Connor, 2002)

2.6.2.9 Halocin Sech7a

Halocin Sech7a is produced by an extremely halophilic haloarchaeon
Sech7a isolated from Sec”ovlje solar salterns crystallizers in Slovenia (Pasic et al.,
2008). The isolate was phylogenetically related to Haloferax mediterranei and its
halocin showed activity against Halobacterium salinarum NRC817. Purification
was done by using 3kDa molecular weight cut off membrane followed by
ultracentrifugation and ion exchange chromatography using DEAE Sephacel
column. Its molecular weight was determined as 10.7kDa using SDS-PAGE.
Sech7a was found to be stable over a wide range of pH (2-8) and was
thermostable at temperatures between 20°C-80°C. This was salt dependent where
it loses its activity when exposed to lower salt concentrations. Similar to other
halocin H4, H6, and C8 (Meseguer et al., 1985; Torreblanca et al., 1989; Li et al.,
2003) this also shared the property of lysing the sensitive cells by initial swelling.

2.6.2.10 Halocin KPS1

Halocin KPS1 was produced by Haloferax volcanii KPS1 isolated from
solar salterns of Kanyakumari, South India. This was the first halocin reported to
show antimicrobial activity against gram positive and gram negative human
pathogens (Kavitha et al., 2011). It also inhibited Halobacterium sodomens. This
was found to be pH stable (3-9) and was thermolabile above 80°C. The molecular
weight has not been determined and it lost its activity when incubated with

1mg/mL proteinase K and trypsin for 10 min.
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2.6.2.11 Halocin gene and its expression

To date, all of the known halocin genes are encoded on megaplasmids (>
100kbp) and possess typical haloarcheal TATA and BRE promoter regions.
Halocin transcripts are leaderless and using the twin arginine translocation (Tat)
pathway the translated preproteins or preproproteins are exported. The Tat signal
motif (two adjacent arginine residues) is present within the amino terminus of the
protein sequence. The expression of halocin genes are at the transition between
exponential and stationary phases of growth. Halocin H1 gene is induced during
exponential phase which is an exception (Platas et al., 1996). The larger halocin
proteins are generally salt dependent and are heat-labile. In an earlier study
halocin production by haloarchaeal strain Sech7a was reported to be growth
dependent (Pasi et al., 2008). Halocin Sech7a activity was observed in the early
exponential phase of growth, but only during the stationary phase peak activity
was observed (Pasi et al., 2008) in contrast to most other halocins which were first
detected when the bacteria entered the stationary phase of growth (Shand et al.,
1999; O’Connor and Shand, 2002). HalS8 activity was reported only when the
culture began the transition into stationary phase and were undetectable before
that (Price and Shand, 2000; Shand et al., 1999) and later the activity reached a
maximum within 10h and was stable for greater than 80h after reaching maximum

values.

Halocins are usually produced when cultures enter stationary phase
(Cheung et al., 1997; Price and Shand, 2000; Li et al., 2003). Halocin H4 consists
of a polypeptide of 359 residues and is encoded by a 1,080bp open reading frame
(Cheung et al., 1997). In accordance with these observations, the expression of
HalH4 and HalS8 genes was identified as growth-stage dependent, during
exponential growth the concentration of transcripts low, but steadily reached

maximal levels upon entering stationary phase (Cheung et al., 1997; Price and
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Shand, 2000). As the gene expression was found to be at its peak, halocin genes
were believed to be good models for the study of stationary-phase gene regulation,
which has become an important focus in haloarchaeal research (Price and Shand,
2000).

Halocin S8 gene was found to be encoded by a 200bp megaplasmid. A
2,873bp fragment containing the entire HalS8 gene was amplified by PCR using
two degenerate primers and probes designed from the halocin S8 protein
sequenced by Edman degradation. The 933bp open reading frame containing a 36-
amino-acid region (HalS8) was identified. The gene was cloned and expressed
which showed 97% identity to the sequence for HalS8 determined by Edman
degradation. The derived sequence showed a change in single residue at 34"
position which was found to be a proline instead of a glycine. It was the first
microhalocin discovered with a molecular mass of 3580Da. The transcription start
site was leaderless and upstream to HalS8 230 aminoacids were found and 45
amino acids downstream (DasSarma et al., 1984; Blank and Oesterhelt, 1987;
Ruepp and Soppa, 1996; Cheung et al., 1997). Upstream to the transcription start
site a haloarchaeal promoter hexamer was located from 229 to 224bp. This
sequence matched the haloarchaeal consensus sequence (229 TTTWWW 224) in
five of six residues (Soppa, 1999a, b). In addition, a transcription factor B
recognition element was also present 5bp upstream of the promoter at positions
234 and 235 (Price and Shand, 2000).

HalC8 sequence (DIDITGCSACKYAAG) was determined by Edman
degradation (Li et al., 2003). Two degenerate primers (Sun et al., 2005) and the
HalC8 RNA probe were designed to identify the halocin C8 gene from
Halobacterium sp. AS7092 by polymerase chain reaction (PCR). A 44bp DNA

fragment was amplified and cloned into pUCm-T vector. Upon Hybridization a
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6.3kb Bam HI restriction fragment of the AS7092 genome was isolated and a
plasmid library was constructed, sequenced, and HalC8 gene was then recovered.
The halC8gene encodes a prepro-protein of 283-amino-acid residues (ProC8,
29.38kDa). This protein contained the mature 15-amino-acid region (amino acids
208-222) which was fully identical to the N-terminal sequence of the purified
mature peptide halocin HalC8. Agar well diffusion method shows that ProC8 and
its 207-amino-acid N-terminal peptide (Hall) inhibited the activity of HalC8 in
vitro. This clearly indicates thata single gene encode both peptide antibiotic and
immunity protein (Sun et al., 2005). The transcription start site of halC8 was
found to be at the sixth base (G) upstream of the ATG start. Haloarchaeal TATA
was found to be located at 23-18bp upstream to the transcription start site. This
sequence had 100% match to the haloarchaeal promoters (Soppa, 1999a,b; Reeve,

2003) and 3bp upstream to the promoter B recognition element (BRE) was found .

The production of this halocin was controlled through both transcription
regulation and protein processing: the HalC8 transcripts and HalC8 activity
rapidly increased to maximal levels upon transition from exponential to stationary
phase. However, while HalC8 transcripts remained abundant, the HalC8

processing was inhibited during stationary phase (Sun et al., 2005).

2.6.2.12 Mode of action of halocin

Halocins have been reported to generally kill the indicator organisms by
cell swelling followed by cell lysis (O’Connor and Shand, 2002; Sun et al., 2005;
Pasi et al., 2008). The mechanism of action of halocin may involve modification
of cell permeability or inhibition of Na+/H+ antiporter and Proton flux. Few
halocins are said to be salt dependent since the protein loses its activity when the
concentration of salts decreases beyond a minimum level (Rodri’guez-Valera et

al., 1982, Price and Shand, 2000). Halocin H6 produced by haloarchaea Haloferax
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gibbonsii was reported to inhibit Na+/H+ exchanger (NHE) in mammalian cells
(Meseguer et al., 1995).

Halocins are generally produced at the mid exponential phase (O’Connor
and Shand, 2002; Pasi et al., 2008). Studies have been conducted up to gene level
for halocins H4 (Cheung et al., 1997), C8 (Sun et al., 2005), and S8 (Price and
Shand, 2000), and identification of the mRNA responsible for production of
Halocin (Cheung et al., 1997, Price and Shand, 2000).

2.6.2.13 Common features of halocins (Adopted from Shand and Leyva, 2007)

Halocins are peptides (< 10kDa; “microhalocins™) or protein (>10kDa)
antibiotics produced by members of the archaeal family Halobacteriaceae. The
halocin genes are induced at the transition between exponential and stationary
phases where as halocin H1 is induced during exponential phase (Platas et al.,
1996). They are located on megaplasmids (“mini-chromosomes™) which are about
100kb in size. They have typical haloarchaeal TATA boxes and TFB recognition
elements (BRE), the TATA box element for halocin C8 is close to the
transcription start site than usual (18bp rather than 22-25bp (Sun et al., 2005).
Halocin transcripts are “leaderless”, where the transcriptional start site is either
coincident with or only a few bps upstream of the translational start codon ATG.
Halocin preproteins appear to be exported by the twin arginine translocation (Tat)
pathway, as all have a Tat signal motif at their amino terminus, mature halocins
are inactivated by one or more proteases, confirming their proteinaceous nature;
microhalocins are hydrophobic and are robust, and they can be desalted without
losing activity and are resistant to organic solvents such as acetonitrile and
acetone, are heat stable (halocin R1 is the most sensitive, but can withstand
heating at 60°C for 1h without losing activity, [O’Connor, 2002]). They can be
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stored at 4°C for prolonged periods (as long as 7 years for halocin R1; [O’Connor,
2002]) without significant loss of activity, and protein halocins (halocins H1 and
H4) are heat sensitive and lose activity when desalted below 5% (w/v) NaCl,
although halocin H4 can be desalted to 10mM Na+ with only a twofold loss in
activity (Perez, 2000). However, desalting to this level decreases the length of

time halocin H4 can be stored at 4°C.

2.6.2.14 Application studies

According to Alberola et al. (1998) halocins may have a role in human
medicine since they have been reported to show antimicrobial activity against
gram positive and gram negative human pathogens (Kavitha et al., 2011). Hence
halocins could be used as alternatives for antibiotics as there is a need for new

antibiotics to manage the existing antibiotic resistant pathogens.

Halocins are of different types and each species differ in their type and so
they are proposed to be used to learn about halophiles in general (Soppa et al.,
1989). Halocins are antimicrobial proteins which could be used in leather
industries to control spoilage (Rdest and Sturm 1987; Shand and Perez 1999;
Shand et al., 1999; Shand and Leyva, 2008). Crude salt from the solar salterns
harbour excess of lipolytic and proteolytic extremely halophilic microorganisms
which when applied on hides causes damage to leather. Halobacterial growth on
hides could be prevented with natural antimicrobial compound such as halocins
(Birbir and Eryilmaz, 2005).

Halocin H6/H7 from haloarchaea Haloferax gibbonsii inhibits Na'/H*
exchanger (NHE) in mammalian cells. Its cardio-protective efficacy on the
ischemic and reperfused myocardium has been evaluated. Halocin H6 was applied

on cell lines of mammalian origin (HEK293, NIH3T3, Jurkat and HL-1) and on
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primary cell culture from human skeletal muscle (myocytes and fibroblasts) which
showed inhibition in NHE activity which was measured by flowcytometry
(Lequerica et al., 2006). When an ischemia-reperfusion model in dogs by coronary
arterial occlusion was treated with halocin H6, in vivo, a reduction in premature
ventricular ectopic beats and infarct size were noted with normal blood pressure
and heartbeat. This explains that halocin H6 is the only biological molecule exerts
a specific inhibitory activity in NHE of eukaryotic cells (Meseguer et al., 1995;
Alberola et al., 1998; O’Connor and Shand, 2002).
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Chapter 3

MATERIALS AND METHODS

3.1 SCREENING OF HALOCIN PRODUCING HALOARCHAEA

3.1.1 Source of bacteria

Haloarchaeal bacterial strains capable of halocin production were isolated

from soil samples from salt pans of Kanyakumari, Tamilnadu, South India.

3.1.2 Collection of Samples

Soil samples from the salt crystallizer ponds were collected in sterile
polythene bags and transported under iced condition to the laboratory. The
concentration of different salt forming cations (Na*, K*, Mg,", Ca,", HCOs, CI,
So4%) present in the samples were analysed in a soil testing laboratory, at
Tirunelveli, Tamilnadu. After reaching the laboratory they were immediately

processed for bacteriological analysis.

3.1.3 Inoculum preparation

One gram of soil was mixed with 10mL of saturated solution of sodium
chloride, homogenized and 100puL aliquot of the prepared sample was spread

plated on medium containing 3M sodium chloride and incubated at 42°C for 7

days.
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3.1.4 Medium

Medium that supported maximal biomass and halocin production was
selected from among six different media namely Eimhjellen medium (EM)
(Catherine et al., 2001), Sehgal and Gibbons (SG) (Sehgal and Gibbons, 1960),
MH medium (Ventosa et al., 1982), HE medium (Torreblanca et al., 1986;
Catherine et al., 2001) DSM 97(Das Sarma et al., 1995) and Zobell’s medium (Hi-

media). The compositions of the different media are as given below:

3.1.4.1 Eimhjellen medium (modified): Yeast extract-5g, MgS0,.7H,0 - 2.0g,
CaCl,.2H,0 - 0.5g, NaCl — 3.0M, Distilled water — 100mL (Catherine et al.,
2001).

3.1.4.2 Sehgal and Gibbons medium (modified): Yeast extract — 1g, Casamino
acids -0.75g, Sodium citrate — 0.3g, MgSO,.7H,0 - 2.0g, KCI - 0.2g, FeCl, -
0.0023g, NaCl - 3.0M, Distilled water — 100mL (Sehgel and Gibbons, 1960).

3.1.4.3 DSM 97: Casamino acids — 7.5g, KCI - 2g, NaCl — 3.0M, Trisodium
citrate — 3g, MgSO, - 20g MnSO4 - 0.05g, Ferrous sulphate — 0.5g, Yeast extract

— 10g, Agar — 10g, Distilled water — 1000mL (DasSarma et al., 1995).

3.1.4.4 MH medium (modified): Protease peptone — 0.5¢g, Yeast extract — 1.0g,
Glucose — 0.1g with 25% (w/v) of total salts (Ventosa et al., 1982).

3.1.4.5 HE medium (modified): Yeast extract — 0.5g, Glucose — 0.1g with 25%
(w/v) of total salts (Torreblanca et al., 1986).
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The total salts solution was prepared with NaCl — 3.0M, MgCl,.6H,0 - 4.2g,
MgS0,.7H,0 - 6.0g, CaCl,.2H,0 - 0.1g , KCI - 0.6g, NaCOs;H — 0.02g, NaBr —
0.07g, FeCl; —0.0005g, Distilled water — 100mL (Subov ,1931).

3.1.4.6 Zobell’s Medium: Peptic digest of animal tissues — 5g, Yeast extract — 1g,
Ferric citrate — 0.1g, NaCl — 3.0M, MgCl,.6H,0 - 8.8g, Sodium sulphate — 3.24g,
CaCl,.2H,0 - 1.8g, KCI -0.55g, NaCO3;H - 0.16g, KBr — 0.08g, Strontium
chloride — 0.034g, Boric acid — 0.022¢g, Sodium silicate — 0.004g, Sodium fluorate
—0.0024g, Ammonium nitrate —0.0016g, Disodium phosphate — 0.008g, Distilled
water — 1000mL supplemented with NaCl (4.5M).

Irrespective of the medium, the final concentration of sodium chloride in
the medium was adjusted to 3M unless otherwise specified. The pH of the medium
was maintained at 7.4 + 2. Solid medium was prepared by the addition of 2%

(w/v) of agar (Hi-media) to broth.

3.1.5 Preliminary screening of halocin activity

All the halophilic bacterial strains isolated from the salt ponds were
screened for halocin activity by testing each strain against the other strain. The
presence of zone of inhibition on double layer agar plates was used as indicator for
halocin production (Shand et al., 1999; O’Connor and Shand, 2002). 10uL
aliquots of broth culture of each strain grown in Zobell’s medium for 48h at 37°C
were spotted onto 24h grown top-agar lawn culture of the other halophilic strains
and incubated at 42°C for 7 days. Appropriate controls were maintained using
uninoculated media. Cultures that showed inhibition were selected and subjected

to further studies.
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3.1.6 Selection of Potential strain

Cultures that showed inhibition of halobacteria were selected and the
potential strain that showed higher zone of inhibition against larger population of
halophiles was selected. The haloarchaeal isolate with code No. BTSH10 showed
maximal inhibition and hence was selected as the potential halocin producing

strain.

3.1.7 Selection of indicator strain

Among the different strains tested the haloarchaeal isolate with code No.
BTSHO03 which showed higher percentage of sensitivity against the bioactive

compound produced by BTSH10 was selected as the indicator strain.

3.1.8 Maintenance of Culture

The halophilic bacterial cultures were maintained as mentioned below

I. Glycerol stock - Halophiles grown for 48h in Zobell’s broth were dispensed as
ImL aliquot in 2mL cryovial and added with equal volume of 40% sterile

glycerol, mixed well and stored in -80°C deep freezer.

Il. Saturated salt tablets (Oren, 2002; Tindall, 1992) — saturated salt solutions
were prepared and sterilized. Concentrated cells were mixed with it and the
mixture was poured to into microtitre plate and kept in sterile condition so that
they form dried tablets. These tablets obtained were stored aseptically in room

temperature.
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3.2 IDENTIFICATION OF SELECTED STRAINS

Both the strains that produced bioactive substance (BTSH10) and that
showed inhibition (BTSHO3) were identified based on polyphasic taxonomy
which included morphological, biochemical and physiological characteristics
(Bergey’s Manual of Systematic bacteriology) and molecular ribotyping by
amplification and sequencing 16S rDNA ( Silva et al., 2001). All the media used

were supplemented with 15% sodium chloride.

3.2.1 Molecular ribotyping

Halobacteria universal 16S rDNA primer (Vidyasagar et al., 2009) was

used. The primer sequence (Sigma Aldrich-India) was as follows.

Table.3.1 Primers used for amplification of 16S rDNA of Halobacteria

16F27 5’ CCAGAGTTTGATCM*TGGCTCAG 3’
16R1525XP 5 TTCTGCAGTCTAGAAGGAGGTGW*TCCAGCC 3’

*M - A/C; W- AIT

3.2.1.1 Colony PCR (Polymerase Chain Reaction)

Colony PCR was performed in Bio-Rad thermal cycler under the
following standardized conditions per reaction.1X PCR buffer, 2mM DNTP’s,
1.5mM MgCl,, 10uM forward primer, 10uM reverse primer, 1U/reaction Taq
DNA polymerase and a single colony was finally inoculated before subjecting to

Thermal cycler with the following conditions.
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1. Initial Denaturation - 94°C for 5 min
2. Denaturation - 94°C for 30 sec
3. Annealing - 55°C for 1 min
4. Primer extension - 72°C for 1 min
5. Repeat steps 2 - 4 for 35 cycles

6. Final extension - 72°C for 10 min
7. Hold - 4°C forever

3.2.1.2 Agarose gel electrophoresis

Agarose gel electrophoresis was carried out in order to check the
amplified 16S rRNA gene.

1. 0.8% agarose gel was prepared using 1XTAE buffer and the gel was casted on
gel casting platform with its comb.

2. After polymerization the comb was removed and the gel with the platform was
placed in the electrophoresis tank filled with buffer.

3. 10uL of the amplicon was loaded in the well along with loading dye which was
at the cathode.

4. The electrophoresis was carried out at 80V and was stopped when the tracking
dye reached two third distance of the gel.

5. Lambda DNA EcoRI + Hindlll (Fermentas) double digest was used as marker
to find the molecular mass of the amplicon.

6. The gel was stained in 0.5pg/mL ethidium bromide solution for 15 min,
followed by destaining in sterile MilliQ water for 10 min and visualized under

UV transilluminator at 254nm wavelength (Bio-Rad).
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3.2.1.3 DNA sequencing

Nucleotide sequencing of the PCR amplicon was performed with ABI
3730xI cycle sequencer, using the big dye Terminator kit (Applied Biosystems) at
SciGenom Labs Pvt Ltd, Cochin, India.

3.2.1.4 Sequence alignment

Forward and the reverse sequences thus obtained after sequencing were

aligned to a single length using BioEdit software.

3.2.1.5 DNA BLAST (Basic Local Alignment Search Tool)

The aligned sequences were subjected to homology search by comparison
with the available nucleotide database in NCBI. The query sequence showing
maximum identity with a particular sequence from the database also reveals the

organism name as well.

3.2.1.6 NCBI genbank submission

The single length aligned sequences were made as a sequin format which
is accepted by NCBI. The sequences thus submitted were assigned with NCBI
Genbank Accession numbers. The sequences deposited are available in DDJB
(DNA Data Bank of Japan) and EMBL (European Molecular Biology Laboratory)

databases.
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3.2.1.7 Phylogenetic tree construction

Phylogentic tree was constructed using similar 16S rRNA gene sequences
obtained from NCBI. The partial sequences were aligned using Multiple
alignment Clustal X2 programme and neighbour hood joining tree using MEGA 4

software.

3.3 GROWTH STUDIES

3.3.1 Inoculum preparation

A preculture of the selected bacterial strain was prepared initially by
growing the strain in 20mL of Zobell’s medium at 37°C for 24h. After growth the
culture obtained was centrifuged at 10000 rpm at 4°C for 15 min, under aseptic
conditions, and the cells were harvested, washed with brine solution (15% NacCl),
and suspended in the same solution. The concentration of the cell suspension was

adjusted to 0.2 OD at 600nm and used as inoculums of 2% (v/v).

3.3.2 Optimum NacCl concentration, pH and temperature determination

The optimal conditions for maximal growth of the isolates and the
minimum and maximum range for these conditions for the isolates to survive were
determined by growing the isolates at different conditions (NaCl concentration
from 0.5M to 5M, pH between 2-12 and temperatures from 20°C to 60°C) and
checking OD at 600nm in a UV-Visible spectrophotometer (Shimadzu, Japan)
after 120h of incubation (4 days). Uninoculated medium was maintained as

control.
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3.3.3 Growth curve

100mL of Zabell’s medium taken in 250mL conical flask was inoculated
with the prepared inoculum and incubated at 42°C which was found to be the
optimum temperature. At regular intervals the samples were drawn and growth
curve of the isolate BTSH10 was determined by measuring OD at 600nm in a UV-
Visible spectrophotometer (Shimadzu, Japan) after 120h incubation (4 days).
Uninoculated medium was maintained as control. The generation time and

specific growth rate (u) were calculated (Friedrich, 2010).

3.4 ENZYME PROFILING FOR THE CULTURE

Both the cultures BTSH10 and BTSHO03 were checked for their enzyme

profile as detailed below

3.4.1 Protease

Proteolytic activities of the cultures were evaluated in skim milk agar
containing 1% (w/v) skim milk, 2% (w/v) agar on Zobell’s medium. The culture
was inoculated as a spot. Clear zones around the growth after 7 days incubation at
42°C were taken as evidence of proteolytic activity. An uninoculated plate was

maintained as control (Kim and Hoppe, 1986).

3.4.2 Amylase test

Amylase production was checked according to Kim and Hoppe (1986) on
Zobell Marine agar added with 1% (w/v) soluble starch as substrate. The prepared

plates were spot inoculated with the prepared inoculum. After 7 days of incubation
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at 42°C the plate was flooded with lodine reagent. A clearing zone formation
around the bacterial colony indicate amylase positive. An uninoculated plate was

maintained as control.

3.4.3 Lipase

Lipase activity was checked according to Kim and Hoppe (1986) on
Zobell’s Marine agar medium supplemented with 1% Tween 20 (Sorbitol
monooleate; w/v). The prepared plates were spot inoculated with the prepared
inoculum and incubated for 7 days at 42°C. A clearing zone formation around the
bacterial colony indicate lipase positive. An uninoculated plate was taken as

control.

3.4.4 Gelatinase

Gelatinase activity was tested in Zobell’s agar medium containing 0.8%
gelatine and 5% agar. Prepared plates were spot inoculated and incubated at 42°C
for 7 days. 10% trichloroacetic acid (TCA) was added to the gelatine plate which
resulted in very clear halo indicating gelatinase positive. An uninoculated plate

was maintained as control (Kim and Hoppe, 1986).

3.5 ANTIBIOTIC SENSITIVITY PROFILING

Antibiotic sensitivity of the isolates was determined on Zobell’s agar
medium using antibiotic discs (Himedia octadiscs). The isolates were checked
with 30 different antibiotics and the sensitivity and resistance profile was
recorded. Five different octadiscs were used in the study. Cultures were swabbed
on the surface of the agar medium and the antibiotic discs were placed on the
plates which were incubated at 42°C for 7 days.
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3.5.1 Multiple antibiotic resistances (MAR) index

Multiple antibiotic resistance index (MAR) was used to check the

antibiotic resistance. This calculation was performed according to Saba Riaz et al.,

(2011). In this study, 31 antibiotics were used and represented as “b”, while the

number of antibiotics for which the isolate shown resistance was represented as

“a” then its MAR is calculated as

MAR = a/b

Table.3.2 Octadiscs Antibiotics and concentration

S.No Cat.No Antibiotics(ng)

1 OD 020 Cephalothin(30),Clindamycin(2),Co-Trimoxazole(25),
Erythromycin(15), Gentamycin(10) , Ofloxacin(1),
Penicillin-G(10units),Vancomycin(30)

2 OD 038 Bacitracin(10units), Chloramphenicol(30), Penicillin-
G(10units) , Co-Trimoxazole(25), Polymyxin-B(300units),
Gentamycin(10), Neomycin(30), Tetracyclin(30)

3 OD 042 Ceftazidime(30),Ciprofloxacin(30),Cephotaxime(30),Nalidi
xic acid(30), Nitrofurantoin(30), Norfloxacin(10),
Netillin(30), Ofloxacin(5)

4 OD 258 Impeneme(10),Meropeneme(10),Ciprofloxacin(5),
Tobromycin(10), Moxifloxacin(5), Ofloxacin(5),
Sparfloxacin(5) ,Levfloxacin(b)

5 OD 271 Ciprofloxacin(5),0floxacin(5), Sparfloxacin(b),

Gatifloxacin(5), Aztreonam(30) , Azithromycin(15),
Vancomycin(30), Doxycycline hydrochloride(30)

*Numbers in antibiotics indicate concentration in pug
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3.6 LIPID PROFILING OF THE PRODUCER STRAIN

3.6.1 Isolation of Cell wall lipid (Bligh and Dyer, 1959)

1. 5mL of the bacterial culture was pelleted out and the cells were concentrated
to ImL. The cells were transferred to a glass tube and added with 3.75mL of
methanol: chloroform (2:1-v/v) mixture, followed by vortexing.

2. 1.25mL chloroform was added, vortexed and then added with 1.25mL
distilled water followed by vortexing.

3. The tube was then centrifuged at 1000 rpm for 5 min at room temperature to
give a two phase system (upper aqueous phase and bottom organic phase).

4. The bottom phase was recovered using Pasteur pipette without the
interference of the aqueous phase.

5. The organic phase was then concentrated and subjected to TLC.

6. The concentrated sample was also purified by using authentic upper phase.

3.6.2 Preparation of authentic upper phase for clean preparation of lipids

1. The above procedure was performed using distilled water in place of sample
in large and multiple glass tubes. The upper phase was collected and stored.

2. The organic phase obtained from step 4 (section 3.6.1) was mixed with the
authentic upper phase in the concentration in the ratio of 1mL of sample:
2.25mL of authentic upper phase.

3. The tubes were vortexed, centrifuged and the organic phase thus obtained was

collected, concentrated and subjected to TLC.
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3.6.3 Thin Layer Chromatography

Thin layer chromatograpy for the isolated lipid was performed on Silica
gel 60 aluminium sheets 20x20 (Merck, Germany). 10uL of the lipid sample was
spotted onto the TLC plate about 0.5cm above the lower edge so that the solvent
did not touch the sample loaded region. Chloroform: methanol (1:4) was the
solvent used with two drops of water mixed to it. Initially after preparation of the
solvent front the container was kept close so that the whole container became
saturated with the solvent. Later the TLC plate spotted with the sample and dried
was kept on the solvent front. Due to capillary action the solvent moved towards
the top of the TLC plate where it also moved the samples and got separated
according to migration capacity. The plate was dried and subjected to iodine

vapours and the Ry values were calculated by

R¢ value = Migration of spot/Migration of solvent

3.7 FAME ANALYSIS

The Fatty acid methyl esterase (FAME) analysis was done by using the
Sherlock MIS Software with the Agilent technologies 6890 series gas
chromatographs which is uniquely designed for FAME analysis and a 25m X
0.2mm phenyl methyl silicone fused silica capillary column. The temperature
program ramped from 170°C to 270°C at 5°C per minute where the total GC run
time was for 22 min. The detector used was a flame ionization detector which
provided more sensitivity and allowed for a larger dynamic range. The carrier gas
used was hydrogen whereas nitrogen was used as the “makeup” gas, and air was
used to support the flame. The electronic signal from the GC detector was

converted into a chromatogram which indicated the ECL values. Initially a
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standard mixture of straight chained saturated fatty acids from 9 to 20 carbons in
length (9:0 to 20:0) and five hydroxy acids was used to calibrate the Sherlock MIS
system. These compounds functioned quality control checks and the retention time
data obtained from injecting the calibration mixture was converted to Equivalent
Chain Length (ECL) data for bacterial fatty acid naming. The ECL value for each
fatty acid was derived as a function of its elution time in relation to the elution

times of a known series of straight chain fatty acids.

3.7.1 Reagents for FAME analysis

Reagent 1

459 sodium hydroxide

150mL methanol

150mL distilled water
Reagent 2

325mL 6.0N hydrochloric acid

275mL methyl alcohol
Reagent 3

200mL hexane

200mL methyl tert-butyl ether
Reagent 4

10.8g sodium hydroxide

900mL distilled water.

3.7.2 Sample processing

3.7.2.1 Harvesting: A 4mm loop was used to harvest about 40mg of bacterial cells
from the third quadrant (second or first quadrant if slow growing) of the quadrant
streaked plate. The cells were placed in a clean 13x100 culture tube.
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3.7.2.2 Saponification: 1.0mL of Reagent 1 was added to each tube containing
cells. The tubes were securely sealed with teflon lined caps, vortexed briefly and
heated in a boiling water bath for 5 min, at which time the tubes were vigorously
vortexed for 5-10 sec and returned to the water bath to complete the 30 min

heating.

3.7.2.3 Methylation: The cooled tubes were uncapped and 2mL of Reagent 2 was
added. The tubes were capped and briefly vortexed. After vortexing, the tubes
were heated for 10 + 1 min at 80 = 1°C. (This step is critical in time and

temperature.)

3.7.2.4 Extraction: Addition of 1.25mL of Reagent 3 to the cooled tubes was
followed by recapping and gentle tumbling on a clinical rotator for about 10 min.
The tubes were uncapped and the aqueous (lower) phase was pipetted out and

discarded.

3.7.2.5 Base Wash: About 3mL of Reagent 4 was added to the organic phase
remaining in the tubes. The tubes were recapped and tumbled for 5 min.
Following uncapping, about 2/3 of the organic phase was pipetted into a GC vial
which was capped and ready for analysis.

3.7.3 Sample analysis

GC, computer analysis and ECL values were derived from the chromatogram

obtained.
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3.8 CHARACTERIZATION OF SALT CRYSTAL FORMED BY BTSH10

The bacteria showed formation of salt crystals of different size and shapes
during growth in the medium. The salt crystals were washed with alcohol and then
with water aseptically, and inoculated in Zobell’s medium and incubated at 42°C
for 7days. Growth of BTSH10 in medium confirmed that bacteria were embedded

inside the crystal. The salt crystal formed by the bacteria was characterized.

3.8.1 Scanning electron microscopy (SEM)

Scanning electron microscopy was performed in order to confirm the

presence of haloarchaea inside the crystal.
3.8.2 Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES)
The elemental analysis of the crystal was carried out using Thermo
Electron IRIS INTREPID Il XSP DUO analyzer since the spectra obtained will
show clearly the presence of different element and its concentration.
3.8.3 Powder X-ray diffraction analysis
Powder X-ray diffraction studies were carried out to demonstrate the
crystallinity using Rich-Seifert X-ray diffractometer employing Bruker AXS D8

Advance with Ni filtered Cu-Ko radiations of Wavelength (1.5406 A) in the range
10-80°C with a scan speed of 2°min.
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3.8.4 FTIR Study

Fourier transform infrared radiation of crystal was carried out in the
middle IR between 4000 and 400cm™ using a Thermo Nicolet, Avatar 370

Spectrophotometer.
3.8.5 UV-vis-NIR study

To determine the transmission range and to know the suitability of the
crystals for optical applications, the UV—-vis—NIR spectra were recorded in the
range of 190-2500nm.
3.8.6 TG/DTA - Thermogravimetric and Differential Thermal Analysis

The thermal behavior of grown sample was studied using TA instrument
Q600 SDT and Q20 DSC model and the melting point and thermal stability of the

salt crystals were determined.

3.9 OPTIMIZATION OF BIOPROCESS VARIABLES FOR HALOCIN
PRODUCTION BY STRAIN BTSH10.

3.9.1 Halocin assay
The halocin activity was determined using serial two-fold critical end
point dilutions to extinction (Meseguer et al., 1986) and expressed as arbitrary

units (AU), which are defined as the reciprocal of the first dilution at which all

trace of inhibitory activity disappears (Cheung et al., 1997). The two fold dilution
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ratio of halocin follows a geometric progression where the halocin activity can be
calculated by

a,=a.q"*
where “a” denotes the scale factor, “q” is the common ratio and “n” being the first

dilution at which all trace of inhibitory activity disappears.

3.9.2 Selection of media for halocin production

Medium that supported maximal halocin production was selected from
among six different media namely Eimhjellen medium (EM) (Catherine et al.,
2001), Sehgal and Gibbons (SG) (Sehga | and Gibbons, 1960), MH medium
(Ventosa et al., 1982), HE medium (Torreblanca et al., 1986; Catherine et al.,
2001) DSM 97 (DasSarma et al., 1995) and Zobell’s medium (Hi-media).

3.9.3 Medium preparation

An aliquot of 40.25g of Zobell’s medium was mixed with 800mL of
distilled water in a beaker and the final Sodium Chloride concentration was
adjusted to 15%. Total volume of medium was made upto to 1000mL and

dispensed as 100mL in a 250mL Conical flasks and autoclaved.

3.9.4 Inoculum preparation

A preculture of the selected bacterial strain that showed halocin activity
was prepared initially by growing the strain in 10mL of Zobell’s medium at 37°C
for 24h. After growth the culture obtained was centrifuged at 10000 rpm at 4°C for
15 min, under aseptic conditions, and the cells were harvested, washed with brine

solution (15% NacCl), and suspended in the same solution. The concentration of
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the cell suspension was adjusted to 0.2 OD at 600nm and used as inoculums of 2%
(V/v).

3.9.5 Optimization of variables

Various constituents of the selected medium and process parameters that
influence halocin production by BTSH10 was optimized by adopting ‘one factor
at a time’ approach. Strategy adopted for the optimization was to evaluate the
effect of each variable for its optimum level for maximal halocin production, and
incorporate the same variable at its optimized level in the subsequent experiment
while evaluating the next variable. The variables studied included the following in
the sequential order: Incubation temperature (27°C - 47°C), pH (2 - 13), NaCl
concentration (0.5M - 4M), carbon sources at 0.1M concentrations (dextrin,
galactose, fructose, lactose, sucrose, sorbitol, xylose, maltose and glycerol),
nitrogen source at 1% (w/v) concentration (peptone, yeast extract, malt extract,
soybean meal, tryptone, casein, urea and beef extract) and different inorganic salts
at 0.1M concentration (ammonium nitrate, sodium fluorate, sodium silicate,
potassium chloride, magnesium chloride, calcium chloride, sodium bicarbonate,
potassium bromide and strontium chloride), agitation (50 rpm- 250 rpm), and
incubation time (0-144h). Preparation of inoculum, inoculation and culture

conditions were same as mentioned earlier unless otherwise mentioned.

3.9.5.1 Optimization of Incubation temperature

Optimal incubation temperature for maximal halocin production was
determined by incubating the inoculated medium at various temperatures viz.,
27°C, 32°C, 37°C, 42°C, 47°C at pH 7.4, 3M NaCl, 150 rpm, 2% (v/v) inoculum

concentration and 96h of incubation.
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3.9.5.2 Optimization of pH

Optimal pH for maximal halocin production was determined by adjusting
the pH of the medium to various levels (i.e. 2, 3,4,5, 6, 7, 8,9, 10, 11 and 12) and
incubating the inoculated medium at 42°C, 3M NacCl, 150 rpm, 2% (v/v) inoculum

concentration and 96h of incubation.

3.9.5.3 Optimization of NaCl concentration

Optimal NaCl concentration for maximal halocin production was
determined by addition of 0.5M, 1M, 1.5M, 2M, 2.5M, 3M, 3.5M and 4M NaCl to
the media and incubating the inoculated medium at 42°C, pH 8.0, 150 rpm, 2%

(V/V) inoculum concentration and 96h of incubation.

3.9.5.4 Effect of different carbon source

The effect of different carbon sources on halocin production was
determined by addition of 0.1M concentrations dextrin, galactose, fructose,
lactose, sucrose, sorbitol, xylose, maltose and glycerol to the medium and
incubating the inoculated medium at 42°C, pH 8.0, 3M NaCl, 150 rpm, 2% (v/v)

inoculum concentration and 96h of incubation.
3.9.5.5 Effect of different nitrogen source

The effect of different nitrogen sources on halocin production was
determined by addition of 1% (w/v) concentration peptone, yeast extract, malt

extract, soybean meal, tryptone, casein, urea and beef extract to the medium and
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incubating the inoculated medium at 42°C, pH 8.0, 3M NaCl, galactose, 150 rpm,

2% (v/v) inoculum concentration and 96h of incubation.

3.9.5.6 Effect of different inorganic salts

The effect of different inorganic salts on halocin production was
determined by addition of 0.1M concentration of ammonium nitrate, sodium
fluorate, sodium silicate, potassium chloride, magnesium chloride, calcium
chloride, sodium bicarbonate, potassium bromide and strontium chloride at 42°C,
pH 8.0, 3M NaCl, galactose, beef extract, 150 rpm, 2% (v/v) inoculum

concentration and 96h of incubation.

3.9.5.7 Effect of agitation

The effect of agitation rates on halocin production was determined by
incubating the the inoculated medium on a orbital shaker at different rpm (50, 100,
150, 200, 250) at 42°C, pH 8.0, 3M NaCl, galactose, beef extract, calcium

chloride, 2% (v/v) inoculum concentration and 96h of incubation.

3.9.5.8 Time course experiment for halocin production

A time course experiment was performed in order to ascertain the rate of
halocin production at optimized conditions which included at 42°C, pH 8, 3M
NaCl, galactose, beef extract, calcium chloride, 2% (v/v) inoculum cocnentration
and 200 rpm. Samples were drawn at 8h inverval and assayed for halocin
production by two fold serial dilution method and the cell concetration was
checked by measuring OD at 600nm in a UV-VIS Spectrophotometer (Schimadzu,
Japan).
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3.10 PURIFICATION AND CHARACTERIZATION OF HALOCINSH10

3.10.1 Acetone precipitation

Culture supernatant obtained after centrifugation at 20000 rpm for 10 min
at 4°C was subjected to acetone precipitation initially. Four volumes of ice cold
acetone was added to one volume of supernatant and incubated at -20°C (in a deep
freezer) and then the contents were centrifuged at 10000 rpm for 15 min at 4°C to
separate the precipitate as pellet. After decanting the supernatant, the above said
step was repeated with the pellet. Later the pellets in the tubes were air dried and
dissolved with 0.05M Tris-HCI pH 8.0. The dissolved content was checked for

halocin activity.

3.10.2 Fractionation by molecular weight cut off centrifugal concentration

The acetone precipitated product was further subjected to fractionation
with 30kDa molecular weight cut off centrifugal concentration using Amicon ultra
tubes (Millipore, Ireland. Ltd) towards concentrating size specific biomolecules
present in the acetone precipitated product. Both the supernatants obtained in the
upper and the lower phases were checked for halocin activities and the positive

phase was taken for further purification by gel filtration chromatography.
3.10.3 Gel filtration Chromatography

Gel filtration chromatography was performed using sephadex G50
(Sigma-Aldrich) column packed in Bio-Rad column of 55cm height and l1cm

diameter.
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3.10.3.1 Preparation of column

a. 5g of sephadex G50 (Sigma-Aldrich) was suspended in 0.05M Tris-HCI
pH 8.0 and hydrated for 15 min at 80°C in a water bath and the fine
particles were removed.

b. To the hydrated sephadex suspension some more buffer was added.

c. The glass column was filled with the column material without air bubble
formation maintaining a slow flow rate so that the column settled under
gravity.

d. The column was equilibrated by allowing 450mL of 0.05M Tris-HCI pH

8.0 buffer to pass through the column.

3.10.3.2 Sample preparation and application on the column

A total volume of 1.6mL of concentrated 30kDa molecular weight cut off
centrifugal tube subjected active sample was loaded on to a packed column
(55cmx1cm). The sample was completely dissolved and applied on column. Initial
10ml of the buffer was collected as a single fraction and then fractions of 1 mL/4
min were collected and OD of the fractions were checked at 280nm. Halocin
activities in the fractions were checked and all the fractions having the activities
were pooled together. Later the pooled fractions were once again subjected to
acetone precipitation towards concentrating the final sample to a reduced volume.
One part was taken for HPLC analysis for checking the purity and the other for N-

terminal protein sequencing.
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3.10.4 High Performance Liquid Chromatography (HPLC)

The acetone precipitated culture supernatant, amicon ultra molecular
weight cut off centrifugation subjected sample and the pooled fractions obtained
after gel filtration chromatography were subjected to HPLC to check the purity of
the positive fractions. HPLC was performed in Shimadzu preparative HPLC unit
with C18 column. Acetonitrile (ACN) /Water were used as gradient with 0.1%
Trifluroacetic acid (TFA). Further, samples obtained after initial acetone
precipitation of crude supernatant and that obtained after fractionation by 30kDa
molecular weight cut off centrifugal concentrator were also subjected to HPLC in

order to check their purity by comparison of the chromatograms obtained.

3.10.5 FTIR study

Fourier transform infrared radiation of acetone precipitated Zobell’s broth
and acetone precipitated culture supernatant was performed in the middle IR
between 4000 and 400cm™ using a Thermo Nicolet, Avatar 370

Spectrophotometer.

3.10.6 TRICINE SDS-PAGE

The purified halocin samples were further subjected to Tricine SDS

PAGE (Schagger and von Jagow, 1987) performed on Bio-Rad protein gel
electrophoresis system. Acetone precipitated and gel filtration fractions were
mixed separately with loading dye containing sample buffer (prepared with
Glycerol, SDS, p-mercaptoethanol, Tris-HCI and Bromophenol blue). The
prepared samples were heated and loaded on to 15% Tricine Polyacrylamide gel,
and the molecular weight and the purity of the loaded samples were determined.
Staining was performed using Coomassie brilliant blue stain. The protein bands
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were analysed by subjecting the gel to Quantity One software in Bio-Rad

densitometer (GS800).

3.10.6.1 Reagents for Tricine-SDS PAGE
Glycerol (SRL)
Tetramethylethylenediamine (TEMED; Sigma)
Mercaptoethanol (Sigma)
Ammonium persulfate (APS; Sigma)
Stock Acrylamide solution(AB solution)
48g of acrylamide and
1.5¢ of bisacrylamide
100mL of water

Stored at 4°C in amber coloured bottle

Reducing sample buffers
Buffer A
12% SDS (w/v)
6% mercaptoethanol (v/v)
30% glycerol (w/v)
0.05% Coomassie blue G-250
150mM Tris/HCI (pH 7.0)
Buffer A/4
Buffer A diluted with 3 volumes of water (for dissolving protein pellet)
Non-reducing sample buffers
Buffer B
12% SDS (w/v)
30% glycerol (w/v)
0.05% Coomassie blue G-250
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150mM Tris/HCI (pH 7.0)
Buffer B/4

Buffer B diluted with 3 volumes of water (for dissolving protein pellet)

Protein staining solution
100mg Coomassie brillinant blue (0.1%)
40mL methanol (40%)
10mL Glacial acetic acid
50mL distilled water
Destaining solution
40mL methanol (40%)
10mL Glacial acetic acid (10%)
50mL distilled water
Fixing solution
50% methanol
10% acetic acid
100mM ammonium acetate
Electrode and gel buffers for Tricine-SDS-PAGE
Anode buffer (10X)
1M Tris
0.225M HCI
pH 8.9
Cathode buffer (10X)
1M Tris
1M Tricine
1% SDS
pH ~8.25
Gel Buffer (3X)
3M Tris
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1M HCI
0.3% SDS
pH 8.45

Gel preparation

Stacking gel (4%)
1mL AB solution
3mL Gel buffer (3X)
12mL distilled water
90uL APS (10%)
9uL TEMED

Separating gel (16%0)
10mL AB solution
10mL Gel buffer (3X)
3g glycerol
30mL distilled water
100uL APS (10%)
10uL TEMED

Protein Markers for SDS-PAGE

Low molecular weight protein marker (Bio-Rad)

Components
Rabbit muscle phosphorylase b
Bovine serum albumin(BSA)
Hen egg white oavibumin
Bovine carbonic anhydrase
Soybean trypsin inhibitor

Hen eggwhite lysozyme

MW
97.4kDa
66.2kDa
45.0kDa
31.0kDa
21.5kDa
14.4kDa
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3.10.6.2 PROCEDURE

10.

The gel plates were cleaned and assembled.

Resolving gel- All components required for stacking gel were mixed except
APS and TEMED which were mixed finally and immediately poured into the
cast and overlaid with water and left to stand for at least 30 min for
polymerizing and the water was removed before casting with separating gel.
Separating gel- The polymerized resolving gel was overlaid with separating
gel which was prepared in a beaker by finally adding APS and TEMED. Soon
after pouring the separating gel a comb was inserted between the glass plates.
It was left for at least 30 min for polymerization.

Gel was placed in the electrophoresis apparatus, and then the upper and lower
reservoirs were filled with buffer for Tricine SDS-PAGE.

The gel was pre run for 1h at 80V.

The protein sample was loaded in the gel and was run at 80V till the dye front
entered the resolving gel thereafter the gel was run at 100V.

The electrophoresis was stopped when the dye front reached 1cm distance
from the lower end of the plate.

The gel was removed from the cast and incubated in fixing solution for 30
minutes.

It was subjected to staining for at least one hour in staining solution (twice the
length of time used for fixing).

The gel was destained in destaining solution until clear bands were visible and

observed under transilluminator.

3.10.7 Bioautography assay

Purified halocin samples were also subjected to bioautographic assay in

order to reconfirm their halocin activity. The unstained Tricine SDS PAGE gel
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after completing the electrophoretic separation was subjected to bioautography
assay. The gel was first washed with sterile 0.1% TritonX100 solution to remove
SDS from the gel and then aseptically overlaid with top agar (Zobell’s medium
with 15% NaCl and half strength agar) containing the indicator strain. The plates
were incubated at 42°C and checked for zone formation. The results were

compared with that of the gel which was stained.

3.10.8 Cell lysis assay

Activity of halocin SH10 on the cells of indicator bacteria Halorubrum sp
BTSHO03 was studied by monitoring the cell lysis under phase contrast
microscope. Stationary phase cells of indicator strain BTSHO3 was mixed with
Halocin SH10 (1024 AU/mL) on a microtitre plate and incubated at different time
intervals. Samples were drawn at regular intervals and observed under phase

contrast microscope.

3.10.9 MALDI

MALDI analysis of the purified halocin sample was performed on an
Ultraflex TOF/TOF model, Bruker Daltonics Germany with Flex Analysis 2.0,
Bruker software in linear mode with N2 Laser, 337nm, 50Hz and average of 800
shots at Centre for DNA and fingerprinting and diagnosis (CDFD), Hyderabad,
India. Saturated solution of matrix (Sinnapinic Acid) was prepared with 50% ACN
/water with 0.1% TFA. Equal volume of sample (trypsin digested protein gel) and
matrix (1uL each) were mixed on a centrifuge tube cap and spotted on a MALDI
plate (MTP 384 ground steel, Target plate-Bruker). The Protein finger print was
obtained on applying the m/z values obtained to MASCOT analysis.
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3.10.10 Total amino acid analysis

The total aminoacid content of halocin SH10 was determined using
Shimadzu LC-2010HT system. 10uL of the concentrated sample was loaded on
the column. The chromatogram obtained was compared with the standard amino
acid chromatogram and the presence and concentration of different amino acids

were noted.

3.10.11 NMR of halocin SH10

1mg of the precipitated protein sample was mixed with 0.5mL D,O and
the samples were subjected to NMR analysis. NMR experiments were performed
on a Bruker AVANCE 111 400 spectrometer operating at a proton frequency of
400.12MHz and a *C frequency of 100.62 MHz in CDCls. Proton acquisition
were recorded with 900 pulse of 4 us,64 scan. *3C experiment was recorded with a
900 pulse of 8.5 us, 1024 scan.

3.10.12 N-Terminal protein sequencing

Once the purity of the samples was confirmed by HPLC they were
subjected to N-Terminal Protein sequencing. Automated Edman Degradation was
carried out using an Applied Biosystems 494 Procise Protein Sequencing system
at National facility for protein sequencing, Indian Institute of Technology,

Mumbai, India.
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3.10.13 Thermostability of halocin

The stability of halocin at different temperatures was checked by
incubating 4096AU of halocin for one hour at different temperatures viz., 4, 20,
30, 40, 50, 60, 70, 80, 90 and 100°C and testing its residual activity.

3.10.14 pH stability of halocin

The stability of halocin at different pH was checked by incubating
4096AU of halocin for one hour in different buffers with different pH. The halocin
was initially acetone precipitated and the pellet obtained was mixed with different
buffer systems of different pH ranging from 2-10. HCI-KCI buffer-pH 2.0, citrate-
phosphate buffer-pH 3.0 to 6.0, phosphate buffer-pH 7.0, Tris-HCI buffer- pH 8.0
& 9.0 and carbonate-bicarbonate buffer- pH 10.0

3.10.15 Solvent stability of halocin

Stability of halocin in different solvents were studied using acetone,
ethanol, methanol, DMSO, hexane, benzene, butanol, acetonitrile, isopropanol and
chloroform at various concentrations (10%, 20% and 30% (v/v)). The solvent was
mixed with 4096AU halocin and incubated at room temperature for an hour. The
tubes were then centrifuged and the pellet was dissolved with buffer and the

activity of halocin was checked by two fold serial dilution method.
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3.11 APPLICATION STUDIES

3.11.1 Storage of Raw Hides

Raw hides are stored by applying raw salts before processing. When they
are stored for a long time the halophilic /salt tolerant lipolytic and proteolytic
bacteria colonize the hides and form small pores and also lead to putrefaction.
Formation of such pores on the hides does not contribute to the production of
quality leather products. Application of halocin as a preservative agent may reduce
the number of bacteria on the hides and will help in storage of raw hides for a long

time and to maintain quality in leather. Hence the study was conducted.

3.11.1.1 Evaluation of halocin SH10 as preservative for leather hides

Evaluation of halocin SH10 as preservative for storage of leather hides
was done by subjecting the leather hides to halocin treatment. Hides were cut in to
4 pieces of 1cmxlcm size. One piece was incubated in 30% brine solution for
30minutes with constant shaking and 100uL was plated on Zobell’s agar plate
supplemented with a total of 15% NaCl. Remaining three pieces were incubated in
halocin for 3h, 6h and 12h respectively and later analysed for CFU on Zobell’s
agar medium. The number of CFU formed on the Zobell’s agar medium (15%
NaCl) was compared with that of the CFU formed from the hide without halocin
treatment. The plates were wrapped inside a plastic cover in order to maintain
humidity and incubated at 42°C for 10 days. This temperature was selected
because when hides are stored one on the other it generates heat and the

temperature is around 43°C which is an apt temperature for the bacteria to divide.
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3.11.2 In vitro anticancer studies of halocin SH10

3.11.2.1 In vitro short term toxicity studies

Dalton’s Lymphoma Ascities (DLA) method (Unnikrishnan and
Ramadasan Kuttan, 1988) was used to study the short term toxicity study. This
test relies on a breakdown of membrane integrity determined by the uptake of a
dye such as tryphan blue, erythorisin and nigrosin to which the cell is normally

impermeable.

3.11.2.1.1 Procedure

DLA cells (1.0 x 10° cells/mL) were injected intraperitoneally to mice and
cultured. After 12-15 days of culturing the peritoneal fluid was drawn out using
sterile syringe and washed with Hanks balanced salt solution (HBSS) and
centrifuged for 10-15 min at 1,200 rpm. The cells were washed thrice and finally
the pellet was resuspended in known quantity of HBSS so that the cell count is
adjusted to 2x10° cells/mL. 0.1 mL of cells was aliquoted into eppendorf tubes and
halocin was added at different concentration as 32AU, 64AU, 128AU, 256AU,
512AU, 1024AU, 2048AU and 4096AU and incubated at 37°C for 3h. After
incubation equal volume of tryphan blue (0.4%) was mixed and left for one
minute. It was then loaded onto a haemocytometer and the viable and non-viable
cells were counted and recorded. Viable cells seem to be colourless as they have
intact cell membrane, whereas dead cells take up colour and appear as a dot. The
percentage growth inhibition was calculated and CTCs, value was generated from

the dose-response curves.
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3 sz Tital cells - Diead cells
% growth mhibition = 100 - X 100

Total cells

3.11.2.2 In vitro cytotoxicity studies

A novel anticancer drug should not possess cytotoxicity against normal
cell lines even at higher concentrations and should possess cytotoxicity at low
concentration against cancerous cell lines (Masters, 2000). All the proteins
isolated were tested for cytotoxicity by MTT assay. The experiments were
performed at Department of Virology, Kings Institute of Health Sciences,
Chennai, Tamilnadu, India. Testing for cytotoxicity in human cells lines for new
drugs started since 1946 when chemotherapy began. Each and every drug that are
told to have anticancerous activity is checked on 60 different human tumor cell
lines (pre-clinical test) at the National Cancer Institute before being introduced as

drug.

3.11.2.2.1 Sample Preparation

Halocin SH10 was diluted to 10mL with MEM/DMEM, at pH 7.4 and
supplemented with 2% inactivated FBS/NBCS (maintenance medium) and
maintained as stock. It was filter sterilized and stored at -20°C till use. Serial two
fold dilution of the sample was prepared from the stock solution to obtain lower

concentrations.
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3.11.2.2.2 Cell culture maintenance

HBL100 (Normal Cell line), HeLa (Cervical Cancer), A549 (Lung
carcinoma), Hep2 (Larynx Carcinoma) and OAW42 (Ovary cancer Cells) were
the cell lines used and they were purchased from the National Centre for Cell
Sciences (NCCS), Pune, India. They were maintained in Dulbecco's Modified
Eagles medium supplemented with 2mM L-glutamine and Earle’s BSS containing
1.5¢g/L sodium bicarbonate, 0.1mM non-essential amino acids and 1.0mM of
sodium pyruvate. Penicillin and streptomycin (100 1U/100pg) were adjusted to
1mL/L. Cells were maintained at 37°C with 5% CO, atmosphere.

3.11.2.2.3 Cell viability

The viability of the cells was assessed by trypan blue dye exclusion test
(Chakraborty et al., 2004). The numbers of stained (non-viable) and unstained
(viable) cells were counted using a haemocytometer (Improved Neubauer
Brightline, USA).

3.11.2.2.4 Determination of mitochondrial synthesis by MTT assay

This assay is based on the reduction of tetrazolium salt, 3-(4, 5 dimethyl
thiazole-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT), to an insoluble blue
formazan (purple) derivative by living cells products. The MTT is cleaved by
mitochondrial enzyme succinate dehydrogenase. The number of cells is known to
be proportional to the extent of formazan production by the cells used (Francis and
Rita, 1986). MTT assays are usually done in the dark since the reagents is

sensitive to light.
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3.11.2.2.5 Procedure

The monolayer cell culture was trypsinized and the cell count adjusted to
1.0 x 10° cells/ mL using MEM/DMEM medium containing 10% NBCS. To each
well of the 96 well microtitre plate, 0.1mL of the diluted cell suspension
(approximately 10,000 cells) was added in triplicate. After 24h, when a partial
monolayer was formed, it was washed twice with medium and remaining
supernatant was discarded. Halocin SH10 (100uL each) was added to the
microtitre plates containing monolayer and the plates were incubated at 37°C for 3
days in 5% CO, atmosphere. The cells were observed every 24 hours for 72 hours
under microscope and observations were noted. S0uL of MTT in MEM - PR
(Minimum essential medium without phenol red) was added to each well after
removing the excess supernatant. The plates were gently shaken and incubated for
3h at 37°C in 5% CO, atmosphere. 50uL of propanol was added removing the
additional supernatant present in the well, the plates were gently shaken to
solubilize the formed formazan. The absorbance was read using ELISA multiwell
plate reader (Thermo Multiskan EX, USA) at 540nm. The percentage growth
inhibition was calculated using the following formula and 1Cs, (concentration of
drug or test sample needed to inhibit cell growth by 50%) values were generated
from the dose-response curves for each cell line. The relative viability of the
treated cells as compared to the control cells was expressed as the % cytoviability,

using the following formula (Sukirtha et al., 2011).

0D} of experimental sample

Percentage of viahility = X100
OD of experimental control(untreated)

ICso was then determined by the corresponding dose response curve.
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3.11.3 In vivo anticancer studies

3.11.3.1 Selection and maintenance of animals

Healthy adult Swiss albino mice weighing 25-30g were obtained from the
animal house of J.S.S. College of Pharmacy, Ootacamund, India, and were
maintained under standard environmental conditions (22-28°C, 60-70% relative
humidity 12h dark/light cycle) and fed with standard rat feed (Amrut Rat Feed,
Nav Maharasthra Chakan Qil Mill Ltd., Pune, India) and water ad libitum. The
animals were housed in large spacious hygienic cages during the course of the
experimental period. The experiments were performed at the Department of
Pharmacology, JSS College of Pharmacy, Ootacamund, India. as per the
guidelines of CPCSEA, Chennai, India. (Approval no: JSSCP/IAEC/Ph.D., /
PHYTOPHARM /01/2010-11)

3.11.3.2 Preparation of standard and sample

Standard 5-Flurouracil (5-FU) was suspended in distilled water using

sodium carboxy methyl cellulose (0.3%) and Halocin SH10 was used as sample.

3.11.3.3 Effect of halocin SH10 on mice bearing Dalton’s Lymphoma Ascities
(DLA) cells.

DLA (Dalton’s Lymphoma Ascites) cells were procured from Amala
Cancer Institute, Amala nagar, Trissur, Kerala, India. The cells were maintained in
vivo in Swiss albino mice intraperitoneally. Swiss Albino mice were divided into
nine groups with six animals in each group. All the animals were injected with

DLA cells (1 x 10° cells) intraperitoneally except the normal group. This was

77



Materials and Methods

taken as day zero. Group | served as normal control and group Il as tumor control.
These two groups received sodium CMC suspension (0.3%) administered orally.
Group 111 served as a positive control and was treated with standard 5-Flurouracil
(5-FU) at 20 mg/kg p.o. Group IV and V were treated with halocin SH10 at a dose
of 1024 and 512AU respectively. The treatments were given 24h after the DLA
cells were inoculated, once daily for 10 days. On dayl1, blood was collected from
the animals by retro-orbital puncture under mild anesthesia and was subjected to
hematological parameters such as RBC, total WBC, differential count and

hemoglobin estimation.

3.11.3.4 Statistical Analysis

The significance of all the in vivo data was analyzed by One-Way

Analysis of Variance (ANOVA) followed by Tukey-Kramer multiple comparison

tests. Value of (p < 0.05) was considered as statistically significant.
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Results

Table 4.1. lonic composition of the saltpan sample used to isolate halocin

producing strain

lonic composition

Concentration £SD(mg/mL)

Na*
K+
'\/lgg+
Ca2+
HCO5
Cr
8042_

Total soluble salts
pH

EC (dS/m)

62.1 +£0.57
2.022 +0.05

19.4 + 0.63
1.2+0.25

2.1+0.39

30.8+0.72
4.1+0.03

126 £ 0.93
7.6

139.80

Among the four isolates obtained as halophiles from the saltern pond the

Haloarchaeal strain BTSH10 was found to show strong halocin activity and hence

it was selected for further studies. The selected strain was observed to require high

concentration of NaCl for its growth and hence the medium was supplemented

with 15% NaCl after standardization of optimal NaCl for growth. Initially

BTSH10 was found to produce halocin when the bacterial cells were incubated in
Zobells agar medium supplemented with 15% NaCl at 37°C for 96h.

It was noted that screening by spot inoculation method and agar well

diffusion method facilitated maximum zone of inhibition of halophiles by the

halocin. The culture whose supernatant recorded maximal inhibition was selected

as the producer strain. The strain BTSHO3 was found to record maximal
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sensitivity against the halocin produced by BTSH10 and hence was considered as

the indicator organism.

Halocin production by the strain BTSH10 was reconfirmed after recording
the inhibition zone of the indicator bacteria on addition of 10uL of culture
supernatant on top of the double agar containing indicator strain. Further to
confirm the activity, 80uL of BTSH10 cell free supernatant was added in a agar
well on a Zobell’s agar plate layered with indicator strain BTSHO3 on the top and
incubated at 42°C for 7 days. This resulted in the formation of 3.6cm zone of
inhibition (Fig 4.1). Further the halocin produced by BTSH10 also showed
activity against other halophilic strains Halobacillus sp. HUC 1, Thallassobacillus
sp. HUC7, Marinobacter sp. HUCS8, Salimicrobium sp. BTMT10,
Chromohalobacter sp. BTMT11 and Halomonas sp. BTMT12 which were

isolated from tannery effluents and edible salt.

Out of the six different media used for isolation, Zobell’s medium was
selected as the best since it showed maximal biomass and halocin production
when compared to other media used in the study. The halocin produced by
BTSH10 was named as halocin SH10.
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Fig 4.1. Preliminary screening on Zobell’s agar medium (15% NaCl):
1. BTSH10 cell free supernatant in well show zone of inhibition against
BTSHO03. C.Control well contained sterile Zobell’s broth.

4.1.2. Identification of the halocin producer and indicator strain

The halocin producing strain BTSH10 and the indicator strain BTSH03
were identified respectively as Natrinema sp. and as Halorubrum sp. based on
their morphological, biochemical, physiological characteristics and molecular
ribotyping. Characteristics of strains BTSH10 and BTSHO03 are presented in Table
4.2
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Table 4.2. Characteristics of strains BTSH10 and BTSHO03

Characteristic BTSH10 BTSHO03
Colony shape Round ,smooth Round ,smooth
Pigmentation Pale orange Dark red
Cell shape Pleomorphic rods Pleomorphic
Grams nature Negative Negative
Motility Non-motile Non-motile
Minimum NaCl concentration 1.0M 1.0M
required for survival
Optimal NaCl concentration 3.0M 3.0M
required for growth
NaCl range supporting growth 1.0M-5.2M 1.0M - 5.2M
pH range 5.5-9.0 5.0-9.5
pH optimum 6.0-8.0 6.0-8.0
Temperature range(°C) 20°C-70°C 20°C-60°C
Temperature optimum(°C) 32°C-47°C 32°C-47°C
Indole _ _
Nitrate reduction + +
Citrate Utilization _ _
Catalase + +
Oxidase + +
Hydrolysis of
Tween 20 + +
Tween 80 + +
Gelatin + +
Starch + +
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Casein + +

Carbohydrate utilization

Glucose + -
Mannose - -
Galactose + -
Fructose - -
Maltose + -
Sucrose + -
Lactose - -
Glycerol + -

- = negative

+= positive

4.1.2.1 Single colony visualization under scanning electron microscopy (SEM)

The single cells of the strains BTSH10 (Fig 4.2) and BTSHO03 (Fig 4.3)
were visualized under scanning electron microscopy and the cell shapes were
noted. The SEM photomicrographs also clearly showed excess amount of lipid

accumulation around the cells besides accumulation of salts as crystals.
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Fig. 4.2 Photomicrograph showing Scanning Electron Microscopy (SEM) of
single cells of Natrinema sp. BTSH10
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Fig. 4.3 Photomicrograph showing Scanning Electron Microscopy (SEM) of
single cells of Halorubrum sp. BTSHO03

It was also observed that along with the increase in incubation period
there was solid salt crystal formation on plates. These photomicrographs (Fig 4.2
and 4.3) provide clear evidence that salt crystals were accumulated by these
organisms and there was increase in size of the crystal over the period.
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4.1.2.1.1 Bacterial growth curve

Bacterial growth curves of Natrinema sp. BTSH10 and Halorubrum sp.

BTSHO03 were determined and the results are presented in Fig 4.4 and 4.5. The
growth curve showed that the haloarchaea Natrinema sp. BTSH10 (Fig 4.4)

entered the stationary phase after 102h and initially there was a longer lag phase.

This is a specific characteristic feature of halophiles. Significant growth (1.0 OD)

was attained only after 80h of incubation. Halorubrum sp. BTSHO03 was observed

to have almost the same growth pattern as that of Natrinema sp. BTSH10, but they

entered the stationary phase only around 112h (Fig 4.5).The specific growth rate

and generation time for BTSH10 was calculated as 0.042 and 24 hours, for
BTSHO3 it was found to be 0.0219 and 16 hours.
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Fig. 4.4 Growth curve of haloarchaeon Natrinema sp.BTSH10
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Fig. 4.5 Growth curve of haloarchaeon Halorubrum sp. BTSHO3

4.1.2.2 Molecular identification of the strains by 16S rRNA gene

The molecular identification of the strains was done by amplification and
sequencing of partial nucleotide sequences of 16S rRNA gene. The partial
nucleotide sequences obtained are presented in Fig 4.7 and 4.9. PCR amplification
showed that the amplicon was approximately 1000bp (Fig 4.6). Further the
nucleotide sequences of the amplicon obtained were compared with Genbank
entries in NCBI database, using BLAST and the identity of the strains were

confirmed.
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Fig. 4.6 The PCR amplicon of 16S rRNA gene
Lane 1 Lambda DNA Eco R1+ Hind Il digest (Molecular weight
marker)
Lane 2 Amplified 16S rRNA gene of Natrinema sp. BTSH10
Lane 3 Amplified 16S rRNA gene of Halorubrum sp. BTSH03

4.1.2.2.3 Partial 16S rRNA gene sequences

The partial gene sequences of 16S rRNA were submitted to Genbank
using SEQUIN programme at the NCBI site (www.ncbi.nlm.nih.gov). The

submitted sequences were provided with accession number. The partial sequences

of the two strains are shown in Fig 4.7 and 4.9
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AAGCGTCTGTAGCTGGGCCACGCAAGTCTATCGGGAAATCCGCGCGCT
AAACGCGCGGGCGTCCGGTGGAAACTGCGTGGCTTGGGACCGGAAGA
CCAGAGGGGTACGTCCGGGGTAGGAGTGAAATCCCGTAATCCTGGACG
GACCACCGGTGGCGAAAGCGCCTCIGGAAGACGGATCCGACGGTGAG
GGACGAAAGCTCGGGTCACGAACCGGATTAGATACCCGGGTAGTCCGA
GCTGTAAACGATGTCIGCTAGGTGTGGCACAGGCTACGAGCCTGTGCT
GTGCCGTAGGGAAGCCGTGAAGCAGACCGCCTGGGAAGTACGTCCGC
AAGGATGAAACTTAAAGGAATTGGCGGGGGAGCACTACAACCGGAGG
AGCCTGCGGTTTAATTGGACTCAACGCCGGACATCTCACCAGCATCGAC
AATGTGCAGTGAACGTCAGGTTGATGACCT TACTGGAGCCATTGAGAG
GAGGTGCATGGCCGCCGTCAGCTCGTACCGTGAGGCGTCCTGT TAAGT
CAGGCAACGAGCGAGACCCGCACTCCTAATTGCCAGCAACACCCTTGC
GGTGGTTGGGTACATTAGGAGGACTGCCAGTGCCAAACTGGAGGAAGG
AACGGGCAACGGTAGGTCAGTATGCCCCGAATGTGCTGGGCGACACGC
GGGCTACAATGGCCGAGACAGTGGGATGCAACCCCGAAAGGGGACGC
TAATCTCCGAAACTCGGTCGTAGTTCGGATTGAGGGCTGAAACTCGCCC
TCATGAAGCTGGATTCGGTAGTAATCGCGCCTCAGAAGGGCGCGGTGA
ATACGTCCCTGCTCCTTGCACACACCGCCCGTCAAAGACCCGAGTGGG
GTCCGGATGAGGCCGA

Fig. 4.7 The partial 16S rRNA gene sequence obtained for Natrinema sp.
BTSH10

Natrinema sp. BTSH10 was provided with the accession number
JN228202 and the NCBI page with the allotted accession number is shown in Fig
4.8

Natrinema sp. BTSH10 168 ribosomal RNA gene, partial sequence

02.1

Customize view .

Analyze this sequence =
Run BLAST

877 bp DNA  linear BGT 6-2011
2 sp. BISHI0 165 riboscmal RNA gene, partial sequ

Pick Primers

Highlight Seq
Find in this S

ce Features

GI:342317938

o

; Halobacteria; Halobacteriales; LinkQut to external resources =

ema. Ribosomal Database Project |

Unpublished Related information 2
2 (bases 1 to 877)

K +, Bhat,5.G., Elyas,R.K. an o
Submission Taxonomy
d (06-J0 1

Related Sequences

I
JOURNAL ~ Submi

Fig. 4.8 NCBI Gen bank file data of Natrinema sp. BTSH10 with the allotted
accession number
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GOCGTCCGTACTGGCCGCGCAAGTCCATCGGGAAATCCACCTGCTCAA
CAGGTGGGCGCCCGGTAGAAACTGCGTGGCTTGGGACCGGAAGGCG
CGACGGGTACGTCCGGGGTAGGAGTGAAATCCCGTAATCCTGGACGG
ACCGCCGATGGCGAAAGCACGTCGCGAGAACGGATCCGACAGTGAG
GGACGAAAGCCAGGGTCTCGAACCGGAT TAGATACCCGGGTAGTCCT
GGCCGTAAACAATGCCTGCTAGGTGTGGCTCCCACTACGAGTGGGTG
CTGTGCCGTAGGGAAGCCGCTAAGCAGGCCGCCTGGGAAGTACGTCC
GCAAGGATGAAACTTAAAGGAATTGGCGGGGGAGCACTACAACCGG
AGGAGCCTGCGGTTTAATTGGACTCAACGCCGGACATCTCACCAGCA
TCGACTGTAATAATGACGACCAGGTTGATGACCTTGTCCGAGTTIICAG
AGAGGAGGTGCATGGCCGCCGTCAGCTCGTACCGTGAGGCGTCCTGT
TAAGTCAGGCAACGAGCGAGACCCGCATCCTTACTTITGCCAGCAGTAC
CGCGAGGTAGCTGGGGACAGTAGGGAGACCGCCGTGGCTAACACGG
AGGAAGGAACGGGCAACGGTAGGTCAGTATGCCCCGAATGTGCTGG
GCAACACGCGGGCTACAATGGTCGAGACAAAGGGTTCCAACTCCGA
AAGGAGACGGTAATCTCAGAAACTCGATCGTAGT TCGGATTITGTGGGC
TGCAACTCGCCCACATGAAGCTGGATTCGGTAGTAATCGCGTGTCAC
AAGCGCGCGGTGAATACGTCCCTGCTCCTIGCACACACCGCCCTGTC
AAAGCACCCTGAGTGAGGTCCGGATGAGGCGTCCA.

Fig. 4.9 The partial 16S rRNA gene sequence obtained for Halorubrum
sp. BTSHO3

Halorubrum sp. BTSHO3 was provided with the accession number

JF830242 and the NCBI page with the allotted accession number is shown in Fig

Halorubrum sp. BTSH03 168 ribosomal RNA gene, partial sequence e m
GenBank: JF330242.1
FASTA hics
Analyze this sequence G
Goto ) RunBLAST
LOCUS JF830242 876 bp DM linear BCT 21-JUN-2011 Pick Primers
DEFINITION Halorubrum sp. BISHO3 165 riboscmal RNA gene, partial sequence. Find in this Sequence
ACCESSION  JF830242
VERSION  JF830242.1 GI:336187278
KEYWORDS . »
SOURCE Halorubrum sp. BTSHO3 Recent activity &
ORGANTSM Halorubrum sp. BTSHO3 Tum Off Cear
Archaea: Euryarchaeota: Halcbacteria: Halobacteriales: e 2
Halbacteriaceas; Helorubrum. 5 E%‘gg&%"‘p:&f&gg;nﬁs fibosomel
REFERENCE 1 lbases 1 to 876) s il =
AUTHORS ~ Rarthikeyan,P., Bhat,S.G., Elyas,K.K. and Chandrasekaran, M. Q bisn03(0)
TITLE  Isolation and characterization of halophiles from salt brines of

South India
JOURNAL ~ Unpublished
REFERENCE 2 |bases 1 to 876)
KUTHORS ~ Karthikeyan,P., Bhat,S.G., Elyas,K.K. and Chandrasekaran,M.
TITLE Direct Submission
JOURNAL ~ Subnitted (25-APR-2011) Department of Bistechnology, Cochin
University of Science and Technology, Kalamassery, Kochi, Kerala

Seemore

Fig. 4.10 NCBI Gen bank file data of Halorubrum sp. BTSHO03 with the

allotted accession number
91



Results

4.1.2.3 Phylogenetic tree construction

4.1.2.3.1 Phylogenetic tree analysis of Natrinema sp. BTSH10

The evolutionary history was inferred using the Neighbor-Joining method.
The optimal tree with the sum of branch length = 0.04566946 is shown. The
percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) are shown above the branches (Fig 4.11). The tree
is drawn to scale, with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Maximum Composite Likelihood method and
are in the units of the number of base substitutions per site. Codon positions
included were 1st+2nd+3rd+Noncoding. All positions containing gaps and
missing data were eliminated from the dataset (Complete deletion option). There
were a total of 869 positions in the final dataset. Phylogenetic analyses were
conducted in MEGA4 (Tamura et al., 2007).
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s /| Y777583.1 Natrinema alunense
e /Y899297.1 Halobacterium sp.

2

47

AY570917.1 Natrinema ajinwuensis
JF802154.1 Natrinema gari

JN226202.1 Natrinema sp. BTSH10
DQ367241.2 Haloterrigena limicola
AF367370.2 Natrinema pallidum

AY298734.1 Natrinema aidingensis

HQ425130.1 Archeon 027

EU308273.1 Halorubrum sp.

AB4T7231.1 Natrinema pellirubrum
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JF927961.1 Natrinema versiforme

—
0002

Fig. 4.11 Phylogram of Natrinema sp. BTSH10 showing evolutionary
relationships of 12 taxa (linearized) based on 16S rRNA gene.

4.1.2.3.2 Phylogenetic tree analysis of Halorubrum sp.BTSHO3

The evolutionary history of Halorubrum sp. BTSHO3 was inferred using
the Neighbor-Joining method (Fig 4.12). The optimal tree with the sum of branch
length = 0.05391769 is shown. The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates) is shown
above the branches. The phylogenetic tree was linearized assuming equal

evolutionary rates in all lineages. The tree is drawn to scale, with branch lengths in
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the same units as those of the evolutionary distances used to infer the phylogenetic
tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per
site. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated from the dataset (Complete
deletion option). There were a total of 871 positions in the final dataset.

Phylogenetic analyses were conducted in MEGAA4.

JN873334.1Halorubrum ezzemoulense strain SW041
73 JX067391.1Halorubrum ezzemoulense strain C46

75 EF488827.1Halorubrum africanae strain S7

AY994197.1Halorubrum xinjiangense strain C3
JN873333.1Halorubrum chaoviator strain SW040
34 AB477979.1Halorubrum trapanicum JCM 10477

96 = X82169.1Halorubrum sodomense
L EF139654.1Halorubrum californiense strain SF3-213

gHM179196.1Halorubrum distributum strain R464
AB477977.1Halorubrum ejinorense JCM 14265

19

55— JN196470.1Halorubrum sp.SS1-3
b JN216848.1Halorubrum sp.YC-3

64 JQ068942.1Halorubrum coriense strain DSTD103
35 _I gHCH16SRRNA Halorubrum coriense isolate Ch2
52 EF077640.3Halorubrum cibarium strain B40
3 _I EF028067.2Halorubrum litoreum strain Fa-1

gJN216863.1Halorubrum sp.YC-X7
JF830242Halorubrum sp. BTSHO03
FJ172054.1Uncultured archaeon clone MJ18

33

56

JF261094.1Halorubrum xinjiangense strain MM1

0005 0004 0003 0002 0001 0000

Fig. 4.12 Phylogram of Halorubrum sp. BTSHO3 showing evolutionary
relationships of 20 taxa (linearized) based on 16S rRNA gene.
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4.1.2.2.1 Taxonomic hierarchy of Natrinema sp.

Taxonomic hierarchy of Natrinema sp. BTSHO3 is presented in Table 4.3

Table 4.3. Taxonomic hierarchy of Natrinema sp. BTSH10

Domain
Phylum
Class
Order
Family

Genus

Archaea
Euryarchaeota
Halobacteria class. nov
Halobacteriales
Halobacteriaceae

Natrinema

4.1.2.2.2 Taxonomic hierarchy of Halorubrum sp.

Taxonomic hierarchy of Halorubrum sp. BTSHO3 is presented in Table 4.4

Table 4.4. Taxonomic hierarchy of Halorubrum sp. BTSH03

Domain
Phylum
Class
Order
Family

Genus

Archaea
Euryarchaeota
Halobacteria class. nov
Halobacteriales
Halobacteriaceae

Halorubrum
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4.2 ANTIBIOTIC SENSITIVITY PROFILING AND MULTIPLE
ANTIBIOTIC RESISTANCE (MAR) INDEX FOR THE STRAINS

Antibiotic sensitivity profiling showed that the Natrinema sp. BTSH10
was resistant to 12 antibiotics which included ciprofloxacin, aztreonam,
vancomycin, impeneme, neomycin, tetracycline, bacitracin, chloramphenicol,
cotrimoxazole, cephalothin, cephotaxime and norfloxacin. Accordingly the MAR

value was calculated as 0.3870. (Table 4.11-Appendix)

Halorubrum sp. BTSHO3 was sensitive to most of the antibiotics and
showed resistance to only three antibiotics namely impeneme, cotrimoxazole and
netillin out of the 31 used. Its MAR index was calculated as 0.09677. (Table 4.11-
Appendix)

4.3 LIPID PROFILING OF THE STRAINS

Total cell wall lipids from both the strains were isolated and subjected to
Thin layer chromatography using chloroform : methanol (1:4). TLC analyses
showed three bands each for the two strains. For Natrinema sp. BTSH10 the
solvent front was measured as 7.5cm from the initial sample spot and the bands
appeared at a distance of 5.6cm, 6.0cm and 6.9cm and the R¢ values were
calculated as 0.746, 0.8 and 0.92 respectively (Fig 4.13).
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Rf values

092

03
0.746

Fig 4.13 Thin layer chromatography of cell wall lipids of Natrinema sp.
BTSH10 on silica gel.

4.3.1 GC-MS profile of Natrinema sp. BTSH10 lipid

GC-MS analysis of the lipids showed 10 peaks which were separated at
different time intervals within the 25 min of the total run (Fig 4.14). The peaks
were at 12.48, 14.27, 15.85, 17.31, 18.63, 19.86, 20.01, 22.09, 23.26, and 24.65
min. The individual peaks obtained at different periods were split and scanned
again for finding the m/z value of each peak so that the lipid could be identified
based on those obtained values. The results are interpreted in Table 4.5 presented
below. The results clearly indicated the presence of new lipids which need to be
explored.
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Intansiy

Fig. 4.14 GC-MS separation of the lipids isolated from Natrinema sp. BTSH10

Table 4.5. Lipids present in the cell wall of Natrinema sp. BTSH10

S.No  Lipid peak separated (min) Identification
1 12.48 D-acetoxy 10 hydroxy glycon/Oleprin
2 14.27 D-deconoic acid/Capric acid
3 15.85 Hexesterol
4 17.31 Tri butyl phosphate(C1,H,704P)
5 18.63 Unidentified
6 19.86 Unidentified
7 21.01 Unidentified
8 22.09 Unidentified
9 23.26 Unidentified
10 24.65 Unidentified
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4.3.2 Fatty acid methyl esterase (FAME) analysis of Natrinema sp. BTSH10

Fatty acid methyl esterase analysis showed that the organism is made up
of both saturated and unsaturated fatty acids. The chromatogram presented as Fig
4.15 shows the presence of different fatty acids which were separated at different
time periods. The separated peaks and the concentration of the peaks presented in
the Table 4.6 given below showed that 27.76% was composed of 16:0 fatty acid
which was identified as palmitic acid and 11.13% was composed of 18:0 fatty acid
identified as stearic acid. Other fatty acids such as 10:0-capric acid, 12:0-lauric
acid, 14:0 myristic acid, 16:1-palmetolic acid, 18:2-linoleic acid, 18:1- oleic acid
and 19:1-non adeceonic acid which were present were in low concentrations.
Some of the fatty acids shown in the Table 4.6 could not be identified and hence

reported as unidentified fattyacids.

RDIA (E13315471A0033658 0)

pA g

i

|eansity

i

Fig. 4.15 Fatty acid profile of Natrinema sp.BTSH10 obtained after FAME
analysis
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Table 4.6. Fatty acid content of Natrinema sp. BTSH10

Volume: DATA File:EI33134.71A  SempCir:3 1D Number: 3868
Type: Samp Bottle: 2 Method: TSBAS
Created: 3132013 12:06:30PM Created By: admin
Sample ID:BTSHI0CUSAT
BT | Respomee | AcHi| Efac ECL | Peak Name Percant | Commeml Comment?
1635 | 4166E+3 | 0025 s 1) SOLVENT FEAK - [ < mine]
1377 113 | a2 e T34 e | =i
1912 26 | 0036 e 7442 e | =
1138 83| w7 s T e | g
1878 1063 | 0035 - Q447
347 M1 [ oot 1300 | 10001 | 100 028 | ECL daviases 0001 Bafugance 0002
ENE 38| 0 — | 1006
413 Ol T — | 11468
4104 33| M7 - | 1LEH
4713 el LTl | 10847 | 110 078 | ECL deviases -0003 Rafaguce 0000
4516 497 | 00 1067 | 12089 | 140&e 30H 051 | ECL devizies 0000
£144 177 | 0026 — | 1314
[T A0 0038 059E | I34M | MdEe 029 | ECL daviees 0008 Rafagance 00
6951 1413 | 041 — | 13532
7188 1625 | Q0GE| Qo3 | 13988 | 140 157 | ECL davizsss -0002 Rafaqunce 0002
1341 1418 | 003% | 0831 [ 14100 | 130&0 30H 136 | ECL davinses 0008
T4 M8 | 00E2 - 13319
701 THE | 0050 0858 | 1494 | 130 - | BCL daviases 0008
10058 019 00| 0936 | 13514 | BemlaFeamesl 450 | ECL davizses 0008 161 wTc/lé] whc
10340 ML) 044 [ 0| 139eE | 1&D 1776 | ECL deviates 0002 Bafuganee 0002
11136 50 [ 003l — | 15449
11256 473 | 0044 | 0803 | 16536 | 1T)ameimo A 133 | ECL davizsss -0.0M
11449 | 0| 08| 1681 | 1TdEs 036 | ECL davaies 0001 Rafagance -0003
1160 1133 | M 08 | 1675 | 1T ageas 102 | ECL deviaies 0000 Rafagunce -0003
11559 WO ) 0ME| 0917 | 16586 | ITHoxh 352 | ECL devinsss -0002
12087 W37 | 0044 | 0206 | 19001 [ 174 119 | ECL daviases 0001 Bafuganee 0003
13087 095 | OB 0909 | 1776 | 183 wfc(6R.LD) 195 | ECL daviases -0.001
13347 2000 | 040 07 | ITTI9 | SwmlnFeameel 181 | ECL deviases -0.001 151 wf %180 ame
13435 TE ) 00| 00T [ 1TTER | 1Elefc 343 | ECL davizies 0000
13317 MR OME| 02086 | 173 | BenlaFaamee 3130 | ECL deviates 0002 151=%
13341 1235 | OM: 0004 | 17999 | 180 1113 | ECL deviates 0001 Bafugance 0002
139% 143 | 00385 — | 18082
15307 4508 | 0080 0888 | 15330 | SenlaFeasmes 7 398 | ECL davizses -0007 wa R3] whe
15423 148 | M6 | 0595 | 18900 | IM0cwhsi 143 | ECL daviases 0003
15639 1004 | 043 el B ]
16308 1722 | 0039 el R ]
019 s e | Bpmemed Fagtane 3 .58 [ 161 =7clE] wi 16l wic/lfl =T
piki] eee | Bpmemad Fagtus 151 | 182 wf8c/180 ame 150 ame/131 w5
4508 - - | Bpememad Fagsmee 7 398 | wn 1RG0 wic 100 b 48 1%y
----- - — | 180 evck w1lc 198
s — - | Byememad Fagsmre © 33| 1&l=Te 15w
ECL Deviation: 0.004 eference ECL Shift:0.004  Number Reference Peaks: @
Total Response: 123937 Total Named: 111203
PercentMamed: 89.71% Total Amount: 103439
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4.4 CHARACTERIZATION OF SALT CRYSTAL FORMED BY Natrinema
sp. BTSH10

Haloarchaea Natrinema sp. BTSH10 showed characteristic salt crystal
formation and the size of the crystals formed varied from few millimeters upto

2cm.

4.4.1 Crystal formation and its size

The crystals formed in the presence of bacteria were of different shapes
and different sizes (Fig 4.16).

(a)

Fig. 4.16 Salt crystals formed in Haloarchaea growth medium

(a) Control-Crystal growth in medium without Natrinema sp. BTSH10.
(b) Crystal growth in medium in the presence of Natrinema sp. BTSH10.
(c) Increased crystal size upon storage of formed crystal with bacteria in
broth under refrigeration.

101



Results

The size of the crystals varied between 0.2mm tolcm in length and approximately
0.3mm in diameter compared to the the size of crystal formed in control medium
was few mm. It was also noted that the size of the crystal increased when the
medium with the crystal was stored under refrigeration. The size increased upto

2cm in length.

4.4.2 Scanning Electron Microscopy (SEM)

The colonization of bacteria inside the halite was confirmed using
Scanning electron microscopy (Fig 4.17). It was observed that the haloarchaea
Natrinema sp. BTSH10 grew and colonized inside the halite crystal, which was
very well visible in few crystals. Growth of Natrinema sp. BTSH10 inside the

crystal was confirmed upon dissolving the crystal in Zobell’s broth.

10kV X30 500um 0000 1052 BES 10kV X400 50pm 0000 1151BES

N

15kV  X1,500 10pm 0000 1253 BEC 15kV  X5,000 5um 0000 1258BEC

Fig. 4.17 Scanning Electron Microscope images of the crystal (a, b, ¢, d) at
different magnification
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4.4.3 Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES)

Results obtained for the ICP-AES analysis of the salt crystal formed by

Natrinema sp. BTSH10 is presented in Table 4.7. From the data presented in the

table it was noted that elements namely Fe, K, Mg, Na, Sr were present in the salt

crystal. The concentration of sodium ion (Na) was maximum (29.65%) followed
by Fe (4015.20ppm), K (770.10ppm), Mg (346.57ppm), and Sr (24.65ppm)

Table 4.7. ICP-AES analysis of the salt crystal formed by Natrinema sp.

BTSH10

Sample  Sample

Element Measured

Fe2599 K 7664 Mg2852 Nab895 Sr3464
No Name
(ppm)  (ppm)  (ppm) (%) (Ppm)
1 BTSH-10 4015.20 770.10 346.57 29.65 24.65
2 AR 1855.99 607.46 192.25 31.06 61.20
Detection Limit in
0.01 0.10 0.01 0.10 0.10

ppm
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4.4.4 Powder X-ray diffraction analysis

Powder X-ray diffraction studies were carried out to demonstrate the
crystallinity of the formed salt crystal and the spectrum obtained and displayed in
the Figure 4.18 showed high intensity peak. The presence of such peaks indicates

a high degree of crystallinity similar to that of a laboratory synthesized crystal.

ol b Lot e b e b bt b b b
00
|
&
9
@)
o
5
4000 ) B | _
o)
3|
bt
|
"
&)
3000 | -
0
= :-.,
= Py
E=J o
£ 2
= v
= =
= w
Jr p— 4 L
]
|
o g
=1 = =
i &)
= & 5 b
< | e — x| o -
of o L = &
o = 4
o B o =]
] = S - < .
! pd = = : Ll
B & a3 = = 3
| w 2| : B =
000 —| o = = | —
& = | = g
~| x| & - F 5
] @ o o = ot
& 5 a8 8 ? .
& Pl 3 T = £
4 o 4 = T ~
P 3 X A
=] T =
& £ &
&)
] T T L L L B B T T T

3 n = = - = ™ o =
2-Theta - Scale
[l SAIFXRIZ01034 01 BTSHI0) aw- Sley: 0.020°* - Slep me: 31.2 5- WL1: 1.5406 - LA2 Rallx 0.5 WA A IS mA-Type

[E1) Obs Max 31.750" - FWHN: 0.205" - RawAtea 26 65 Cps x deg - Het Amar 18.50 Cps xdeg_
[E2) Obs. Max 75.571" - FWHN: 0.439" - RawArea 6.342 Cps X deq. - Net AR 4.950 Cps xdeg.
Operaiows: Smoolh 0.150 | Background 0.098,0.000 | Import

Fig. 4.18 The powder X-ray diffraction spectrum of the crystal formed by
Natrinema sp. BTSH10
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4.4.5 FTIR Study

FTIR analysis of the crystal presented in Fig 4.19 showed a broad band at
3439cm™ which corresponds to —OH stretching vibrations. The presence of
unprotected C=C group attributed to its stretching frequency around 1637cm .

The C-N stretching vibration was assigned at 1122cm’™.
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Resolution: 4.000

Fig. 4.19 FTIR spectrum of the crystal formed by Natrinema sp. BTSH10

4.4.6 UV-VIS-NIR study

The UV-VIS-NIR spectra were recorded in the range of 190-2500nm in
order to determine the transmission range and know the suitability of the crystals
for optical applications. This spectrum gives information about the structure of the
molecule since the absorption of UV and visible light involves promotion of the
electron in the ¢ and © orbital from the ground state to higher states. Data
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presented in the absorption spectrum as Fig 4.20 showed that the absorption was
minimum in the entire UV-VIS-NIR region and the cut off wavelength was around
230nm, closer to UV range. Thus it was inferred that among the various analogs
used, the compound has the superior cut off wavelength and good transparency in

blue region.
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Scan Analysis Report
Sample Name: SAIFUV120103A-01(BTSH10)

Seak

Fig. 4.20 UV -VIS- NIR spectrum of the crystal formed by Natrinema sp.
BTSH10
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4.4.7 Thermal analysis

The thermal behavior of grown halite (salt crystal) sample was studied by
using TA instrument Q600 SDT and Q20 DSC model. To determine the melting
point and thermal stability of the crystal it was subjected to TGA-DTA analysis
and the results are shown in Fig 4.21. The sample (3.091mg) was taken for TG
analysis. The curve showed that there was a gradual weight loss which occurred in
the temperature range of 36-750°C followed by a rapid weight loss between 750-
929°C due to the liberation of volatile substances like CO, CO,, NH;etc (Fig 4.21

PerkinEimer Thermal Analysis

Weight (mg) - - -
Derivative Weight (mgimin) — —

o 500
Temperature (*Ch

(@)
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Fig. 4.21 TGA-DTA analysis of the crystal formed by Natrinema sp. BTSH10
(a) gradual weight loss of crystal at temperature range of 36-750°C
(b) sharp endothermic peak at 790.85°C showing the stability of

the crystal

From the DTA curve, it was also observed that there was a sharp
endothermic peak at 790.85°C corresponding to the stability of the crystal and
there was no phase transition before it (Fig 4.21 b). A small endothermic hump

around 345°C corresponds to the loss of moisture available on the surface was

also observed.
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45 OPTIMIZATION OF BIOPROCESS VARIABLES FOR
HALOCIN PRODUCTION BY NATRINEMA SP. BTSH10

Various constituents of the selected medium and process parameters that
influence halocin production by BTSH10 was optimized by adopting “one factor
at a time’ approach. Strategy adopted for the optimization was to evaluate the
effect of each variable for its optimum level for maximal halocin production, and
incorporate the same variable at its optimized level in the subsequent experiment
while evaluating the next variable. The variables studied included the following in
the sequential order: Incubation temperature (27°C - 47°C), pH (2 - 13), NaCl
concentration (0.5M - 4M), carbon sources at 0.1M concentrations (dextrin,
galactose, fructose, lactose, sucrose, sorbitol, xylose, maltose and glycerol),
nitrogen source at 1% (w/v) concentration (peptone, yeast extract, malt extract,
soybean meal, tryptone, casein, urea and beef extract) and different inorganic salts
at 0.1M concentration (ammonium nitrate, sodium fluorate, sodium silicate,
potassium chloride, magnesium chloride, calcium chloride, sodium bicarbonate,
potassium bromide and strontium chloride), agitation (50 - 250 rpm), and
incubation time (0 - 144h). Preparation of inoculum, inoculation and culture

conditions were same as mentioned earlier unless otherwise mentioned.

4.5.1 Optimization of incubation temperature

From the results documented in Fig 4.22 it was inferred that 42°C was the
optimum for maximum halocin production (1024AU) by Natrinema sp. BTSH10
although enhanced level of halocin could be recorded at both 37°C and 47°C while
the pH of the medium was 7.4, NaCl concentration was 3M maintained at 150 rpm

for 96h. Nevertheless appreciable levels of halocin activities could be recorded at
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other temperatures. Halocin productions at high levels at 42°C, and relatively at

lesser levels at lower and at slightly higher temperatures (47°C) were observed.
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Fig. 4.22 Effect of different incubation temperatures on halocin production
by Natrinema sp. BTSH10 in Zobell’s medium at pH 7.4, 3M NaCl,
150 rpm, 2% (V/V) inoculum concentration and 96h of incubation
(adapted from Karthikeyan et al.,2013)

4.5.2 Optimization of pH

Results presented in Figure 4.23 showed that the halobacteria Natrinema
sp. BTSH10 could produce halocin in media with a pH varying between pH 5 and
9 although maximum halocin production was recorded at pH 7.0- 8.0 (1024AU).

However, the bacteria did not produce halocin under acidic conditions.
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Fig. 4.23 Effect of different pH on halocin production by Natrinema sp.
BTSH10 in Zobell’s medium at 42°C, 3M NacCl, 150 rpm, 2% (V/V)
inoculum concentration and 96h of incubation. (adapted from Karthikeyan et
al.,2013)

4.5.3 Optimization of sodium chloride concentration

Data presented in Fig 4.24 indicated that Natrinema sp. BTSH10 required
3M NacCl for recording maximum (1024AU) halocin production although NaCl
concentration ranging from 2.5M - 4M in the medium supported enhanced
production of halocin. It was also noted that a minimum of 1.5M NaCl was
required for growth, and lesser concentrations did not even support survival of the

bacterium.
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Fig 4.24 Effect of different concentrations of NaCl on halocin production by
Natrinema sp. BTSH10 in Zobell’s medium at 42°C, pH 8.0, 150 rpm,
2% (V/V) inoculum concentration and 96h of incubation. (adapted
from Karthikeyan et al.,2013)

4.5.4 Optimization of different carbon source

From the results presented in Fig 4.25 it was inferred that maximal
halocin production by Natrinema sp. BTSH10 was supported by the medium
supplemented with galactose (2048AU) followed by sorbitol, maltose, glycerol,
glucose, fructose, and lactose, Whereas, medium supplemented with dextrin,
sucrose and xylose supported reduced levels of halocin production. Galactose was
observed to enhanced halocin production in the medium compared to other carbon

sources.
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Fig. 4.25 Effect of different carbon sources on halocin production by
Natrinema sp. BTSH10 in Zobell’s medium at 42°C, pH 8.0, 3M
NaCl, 150 rpm, 2% (V/V) inoculum concentration and 96h of
incubation. (adapted from Karthikeyan et al.,2013)

4.5.5 Optimization of different nitrogen source
Results documented in Fig 4.26 indicated that Natrinema sp. BTSH10
could produce maximal halocin in the presence of beef extract (2048 AU) in the

medium followed by soybean meal, malt extract, tryptone, peptone, yeast extract,

casein and gelatin. Urea did not support halocin production.
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Fig. 4.26 Effect of different nitrogen sources on halocin production by
Natrinema sp. BTSH10 in Zobell’s medium at 42°C, pH 8.0, 3M
NaCl, galactose, 150rpm, 2% (V/V) inoculum concentration and
96h of incubation. (adapted from Karthikeyan et al.,2013)

4.5.6 Optimization of different inorganic salt

Additional salts in the medium were found to exert influence on halocin
production by Natrinema sp. BTSH10. Among the inorganic salts used for
supplementation of the medium as additional salts calcium chloride (2048 AU) was
found to support maximal halocin production in the medium followed by
magnesium chloride, sodium fluorate, potassium chloride, and sodium bicarbonate

(Fig 4.27). Whereas aluminium nitrate, potassium bromide, strontium chloride and
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sodium silicate led to a much reduced level of halocin production when compared

to the levels noted with Zobell’s medium in the absence of these particular salts.
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Fig 4.27 Effect of different inorganic salts on halocin production by
Natrinema sp. BTSH10 in Zobell,s medium at 42°C, pH 8.0, 3M
NaCl, galactose, beef extract, 150 rpm ,2% (V/V) inoculum
concentration and 96h of incubation. (adapted from Karthikeyan et
al.,2013)

4.5.7 Effect of agitation on halocin production

Data documented in Fig 4.28 indicated the influence of agitation on the
rate of halocin production by Natrinema sp. BTSH10. It was found that higher
agitation rate led to enhanced bacterial growth and production of halocin

compared to lesser agitation rates. A maximum of 4096AU was recorded at 200
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and 250 rpm although lower agitation rates (50 rpm to 150 rpm) also supported
considerable levels of halocin production.
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Fig. 4.28 Effect of different agitation rates on halocin production by
Natrinema sp. BTSH10 in Zobell’s medium at 42°C, pH 8.0, 3M
NaCl, galactose, beef extract, calcium chloride, 2% (V/V) inoculum
concentration and 96h of incubation. (adapted from Karthikeyan et
al.,2013)

4.5.8 Time course experiment for halocin production

Results depicted in Fig 4.29 very clearly indicated that Natrinema sp.
BTSH10 produce halocin at enhanced levels only during the stationary phase of
growth although significant levels of halocin could be noted during late
exponential phase. Maximum (8192AU) production of halocin was observed at
104h, during the stationary phase. Nevertheless the halocin activity in the medium

was also noted even after 144h.
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Fig. 4.29 Time course experiment on halocin production by Natrinema sp
BTSH10 in Zobell’s medium at 37°C, pH 8, 3M NaCl, galactose,
beef extract, calcium chloride, 2% (V/V) inoculum concentration and
200 rpm. (adapted from Karthikeyan et al.,2013)

46 PURIFICATION OF HALOCIN PRODUCED NATRINEMA
SP.BTSH10

4.6.1 Acetone precipitation and fractionation by molecular weight cut off

centrifugal concentration

Initially the 100mL of culture filtrate that showed activity was

concentrated to 25mL employing acetone precipitation, followed by fractionation
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with 30kDa molecular weight cut off centrifugation and its activity was
determined as 16384 AUmL™.

4.6.2 Gel filtration chromatography

The gel filtration chromatography using sephadex G50 column gave
active fractions in tubes numbered 3 to 9 (Fig 4.30) and all the fractions were
pooled together and the total volume of 7mL was concentrated to 1.5mL which
recorded 8192AUmML™ halocin activity.
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Fig. 4.30 Gel filtration chromatography elution profile of halocin that showed
halocin activity

4.6.3HPLC

Confirmation of the purity of the prepared halocin was done using HPLC.
The HPLC profile presented in Fig 4.31 showed that a single peak could be
obtained in all the samples exactly between 11 and 12 min [Fig 4.31 (a) Acetone
precipitated; Fig 4.31 (b) 30kDa molecular weight cut —off centrifugation tube
subjected ; Fig 4.31 (c) Sephadex G 50 column purified] where the ACN/WATER
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volume was calculated as 32% : 68%. The purity of the halocin was confirmed

based on comparison of the profiles.
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Fig. 4.31 HPLC profile showing purity of Halocin during different stages of
purification (a)Acetone precipitated (b)30kDa molecular weight cut —
off centrifugation tube subjected (c)Sephadex G 50 column purified

4.6.4 Tricine-PAGE and bioautography assay

The purity and the molecular weight of the halocin SH10 was further
determined by Tricine PAGE. From the results presented in Fig 4.32.a, it was
inferred that the halocin obtained was pure since a single band appeared on
Tricine PAGE just below the 21.5kDa region of the marker protein. The molecular
mass was calculated as 20kDa based on the analysis of the gel with Quantity One

software in Bio-rad densitometer (GS800). The present study indicated that the
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halocin is relatively larger in size than the microhalocin and smaller than the
halocins reported from other halobacteria. To confirm whether the visible single
band is halocin, an autobiography assay was performed on the unstained gel by
agar overlay method which showed a clearing zone (Fig 4.32.b) exactly at the
20kDa single band protein region corresponding to the coomassie brilliant blue

stained gel.

kDa

97.40
66.20
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- 14.40

(b)

Fig. 4.32 (a) Purified halocin on Tricine-PAGE showing a single band
corresponding to approx 20kDa.(Lane 1 & 2)and Lane 3 Marker
(b) Bioautography assay on Tricine-PAGE - Region marked with
arrow showing clearing zone around the single band obtained on
Tricine-PAGE confirming halocin activity.

4.6.5 Cell lysis assay

The results presented as photomicrographs in Fig 4.33 indicated the
activity of halocin SH10 on the indicator strain Halorubrum sp. BTSHO3 clearly
evidenced cell lysis. Initially Halorubrum sp. did not show any change on
exposure to halocin SH10 (Fig 4.31a). However, after 3h the cells showed

shrinkage and were found as a floc forming small islands /colonies (Fig 4.31Db).
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After 6h the cells were found to appear bulged and showed signs of lysis (Fig
4.31c). On further incubation for 12h complete lysis of the cells resulting in cell
debris (Fig 4.31d) was observed. These observations not only confirmed the
antibacterial activity of halocin SH10 against other halophiles but also suggest cell

lysis as the possible mechanism of action of halocin SH10.

Fig. 4.33 Action of halocin SH10 on indicator strain Halorubrum sp. BTSHO03
(Phase contrast microscopic view- adapted from Karthikeyan et
al.,2013)
(a) BTSHO03 normal cells soon after SH10 treatment
(b) 3 hours after treatment -cells shrinks and forms islands
(c) 6 hours after treatment -cells appear bulged
(d) 12 hours after treatment -cells completely lysed
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47 CHARACTERIZATION OF HALOCIN PRODUCED
NATRINEMA SP. BTSH10

4.7.1 N-TERMINAL SEQUENCING

First five amino acids were detected by N-Terminal protein sequencing.
They were “ala — pro — phe —tyr - ile (APFYI)”. Out of the five N-Terminal

aminoacids of SH10 four were non-polar hydrophobic aminoacids.

4.7.2 MALDI and MASCOT analysis

MALDI was performed for the 20kDa protein and the m/z value obtained
(Fig 4.34) was used to check the protein similarity by MASCOT analysis. This
protein similarity search (Fig 4.35) indicated that the halocin shared sequence
similarity with 50S ribosomal protein L3P of Methanosarcina acetivorans (strain
ATCC 35395).
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Fig. 4.34 MALDI profile of the 20kDa halocin
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Fig. 4.35 MASCOT search for the 20kDa halocin showing similarity results
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4.7.3 NMR of halocin SH10

NMR spectrum of halocin SH10 showed intense peaks in the aliphatic
range (Fig 4.36) clearly indicating that the aliphatic chain containing aminoacids
were present in numerous counts. It is well known that aliphatic R groups are non
polar and hydrophobic.

SATFNM120917B-01(BTSH10) SAIF Cochin

r3.980

J ‘U?J“HL": _lIlJ1l i
BRI
Fig. 4.36 NMR spectrum of Halocin SH10 showing the peaks at aliphatic
range

4.7.4 Total amino acid analysis of SH10

The total aminoacid content of halocin SH10 was performed and the
results showed that the glycine was the dominant aminoacid (12.74%) followed by
asparigine(10.35%), glutamine (9.78%), valine (6.05%), alanine (3.94%), serine
(3.69%), histidine (3.43%), threonine (3.11%). Other amino acids were found in
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trace amount ranging from 0.1% to 1.3%. This showed the presence of
hydrophobic amino acids in higher percentage when compared to other amino
acids (Table 4.8).

Table. 4.8 Concentration of different aminoacid content of halocin SH10 and
its properties

Percentage of

S.No Amino acid ) ) Amino acid property
Amino acid (%)
1 Asp 10.35 Polar Acidic
2 Thr 3.11 Polar Neutral
3 Ser 3.69 Polar Neutral
4 Glu 9.78 Polar Acidic
5 Pro 0.10 Non-Polar Hydrophaobic
6 Gly 12.74 Non-Polar Hydrophaobic
7 Ala 3.94 Non-Polar Hydrophaobic
8 Cys 0.46 Polar Neutral
9 Val 6.05 Non-Polar Hydrophaobic
10 Met 0.26 Non-Polar Hydrophaobic
11 lle 0.95 Non-Polar Hydrophaobic
12 Leu 1.29 Non-Polar Hydrophaobic
13 Phe 0.83 Non-Polar Hydrophaobic
14 His 3.43 Polar Basic
15 Lys 0.19 Polar Basic
16 Arg 0.80 Polar Basic
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4.7.5 Halocin stability assay

The stability of halocin at different temperatures, pH and in different

solvents were studied and the results are presented below

4.7.5.1 Temperature stability studies

The halocin SH10 was thermostable. Results presented in Fig 4.37
suggested that the halocin was stable over a range of temperature from 4°C
to 40°C (4096AU) without any loss of activity which however got declined
to 1024AU at 60°C and 70°C and 128AU at 80°C and then lost activity at
higher temperatures.
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Fig. 4.37 Thermostability of halocin SH10.
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4.7.5.2 pH stability studies

With respect to pH stability it was noted that the halocin was stable

(Fig 4.38) only at pH 6-8 (4096AU) and at pH 9 (2048AU) the activity got
declined.
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Fig. 4.38 pH stability of halocin SH10.

4.7.5.3 Organic solvent stability

From the results depicted in Fig 4.39 it was evident that the halocin

SH10 could retain its activity (4096AU) when incubated with 10% of
organic solvents. However upon incubation with 20% solvent the halocin
showed reduction in its activity (2048 AU) with ethanol and lost more than
50% activity in methanol (1024AU) and chloroform (64AU). Whereas in
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30% acetone, acetonitrile and isopropanol the halocin was observed to

retain its 4096 AU even after one hour of incubation.
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Fig. 4.39 Effect of organic solvents on halocin SH10.

4.8. APPLICATION OF HALOCIN SH10 PRODUCED BY NATRINEMA
SP. BTSH10

4.8.1. Evaluation of halocin SH10 as preservative for leather hides

Evaluation of halocin SH10 as preservative for storage of leather hides
was done by subjecting the leather hides to halocin treatment. From the results
obtained and present in Fig 4.40 it was observed that halocin treatment for 12
hours could inhibit halophilic bacterial growth on hides. In raw hides 67 + 2 CFU
were obtained. Whereas in the raw hides treated with Halocin for3 hours, 6h and
12h, the CFU was found to get drastically decreased.
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Fig. 4.40 Bacterial load (CFU) on hides upon treatment with Halocin
SH10

4.8.2. Preliminary in vitro short term toxicity studies of the samples

In vitro short term toxicity studies were carried out with halocin SH10
against Dalton’s Lymphoma Ascitis (DLA) cells using standard procedures. The
data presented in Table 4.9 evidenced that halocin SH10 has a good activity
against DLA cells. The samples that had CTCs, values greater than 500 showed
either very less activity or no activity. Halocin SH10 also showed very good
cytotoxicity. Lower concentrations of halocin (ie.,, 2AU and 4AU ) had high
CTCs valued indicating lesser activity or no activity. Remaining all other
concentrations showed CTCs value less than 500 and hence was considered for

further experiments.

129



Results

Table 4.9. In vitro short term toxicity studies of halocin SH10 against DLA

cells
S.No Sample % viability % growth CTCs*
concentration inhibition
(AV)
1 2 97.92 2.08 2971.69+14.74
2 4 92.96 7.04 905.48+13.69
3 8 83.12 16.88 400.37+13.34
4 16 78.74 21.26 325.92+09.81
5 32 70.28 29.72 250.02+07.20
6 64 64.58 35.42 211.22+10.91
7 128 58.17 41.83 184.82+12.53
8 256 52.94 47.06 168.62+11.32
9 512 39.05 60.95 139.08+13.68
10 1024 31.53 68.47 128.09+11.16
1 2048 17.43 82.57 112.99+14.53
12 4096 10.96 89.04 107.52+09.08

* Average of three independent experiments + S.E.M.

4.8.3. In vitro cytotoxicity studies

In vitro cytotoxic properties of halocin SH10 was evaluated on several
cancer and normal cell line cultures using standard microculture tetrasolium
(MTT) assay. HBL100 was the normal cell line used to test the cytotoxicity of
SH10. Results presented in Figure 4.41 shows the percentage viability of cells
against the cell line HBL100 (normal cell). The ICs, value of the sample was
determined as 4096AU.
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Fig.4.41 In vitro anticancer activity of the halocin SH10 against HBL.100 cell

lines

Figure 4.42(a) shows the normal cell line control and Fig 4.42 (b) shows
the distorted cells after SH10 activity. This clearly indicated that halocin SH10 has
cytotoxity activity but at a lower concentration. It was also observed that cell lysis
occurred in normal cell lines when the concentration was increased. Hence, further
studies against cancer cell lines were made based on the ICsy value of SH10
towards HBL100 cell lines.
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(b}

Fig.4.42 Cytotoxicity of halocin SH10 against HBL 100 cell lines. (a)Normal
cell line (b) Cytotoxocity caused by halocin SH10

Halocin SH10 activities against HelLa (cervical cancer cells) cell lines
were observed. It was noted that there was distortion of the cells and the ICso was
found to be 1024AU (Fig. 4.43). The results clearly evidenced cytotoxicity effect
of the halocin SH10 against the cancer line. Activity of halocin SH10 on the HeLa
cell line is presented in Fig. 4.44
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Fig.4.43 In vitro anticancer activity of the halocin SH10 against HelL a cell
lines

Fig.4.44 Cytotoxicity of halocin SH10 against HeL a cell lines. (a)Normal cell
line (b) Cytotoxicity caused by SH10
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Ab549 cells are adenocarcinomic human alveolar basal epithelial cells also
known as the lung cancer cell line. Results obtained for the in vitro anticancer
activity of the halocin SH10 against A549 cell lines is presented in Fig 4.45 and
the ICso was determined as 512AU. From the results depicted in Fig 4.46 it was
inferred that halocin SH10 has cytotoxicity against A549 cell lines.
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Fig.4.45 In vitro anticancer activity of the halocin SH10 against A549 cell lines
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(a} (b}

Fig. 4.46 Cytotoxicity of halocin SH10 against A549 cell lines. (a)Normal cell
line (b) Cytotoxicity caused by halocin SH10

The OAW42 cell line was established from the ascites of a patient with
ovarian cystadenocarcinoma also known as the ovarian cell line. Results obtained
for the in vitro anticancer activity of the halocin SH10 against OAWA42 cell lines is
presented in Fig 4.47 and the ICsy was determined as 512AU. From the results
depicted in Fig 4.48 it was inferred that halocin SH10 has cell cytotoxicity against
OAW42 cell lines
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Fig. 4.47 In vitro anticancer activity of the halocin SH10 against OAWA42 cell
lines
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Fig.4.48 Cytotoxicity of halocin SH10 against OAWA42 cell lines. (a)Normal
cell line (b) Cytotoxicity caused by halocin SH10
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Human epidermoid carcinogenic cell line (Hep2 cell line) has been
described to originate from tumours which were produced in irradiated-
cortisonised weanling rats after injection of epidermoid carcinoma tissue isolated
from the larynx. Results obtained for the In vitro anticancer activity of the halocin
SH10 against HEp2 cells is presented in Fig 4.49 and the I1C5, was determined as
512AU. From the results depicted in Fig 4.50 it was inferred that halocin SH10
has cell cytotoxicity against HEp2 cells.

These results clearly showed that halocin SH10 has anticancer activity.
Halocin SH10 has IC50 value of 4096 AU against HBL100 cell line which is a
normal cell line. In the other cancer cell lines such as HelLa, A549, OAW42 and
HEp2 the 1C50 values were determined as 1024AU, 512AU, 512AU and 512AU
respectively. These observations indicated that damage is caused to normal cell
line only at higher concentrations of halocin SH10 while cytotoxicity against
cancer cell lines could be recorded at a lower concentration suggesting the

possible use of halocin SH10 as a effective drug against cancer.
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Fig.4.49 In vitro anticancer activity of the halocin SH10 against HEp2 cell
lines
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Fig.4.50 Cytotoxicity of halocin SH10 against HEp2 cell lines. (a)Normal cell
line (b) Cytotoxicity caused by halocin SH10
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4.8.4. In vivo cytotoxicity studies

The results for the studies on the effect of halocin SH10 on DLA induced
ascitic tumor are given in Table 4.10 and in Figures 4.51 — 4.56. From the data

presented the following informations were inferred:

4.8.4.1. Antitumour parameters

The treatment with halocin SH10 at 0.1mL/kg of 512AU significantly
(p<0.05) increased the average life span (ALS) of DLA bearing mice from 17.35 +
0.56 to 23.52 + 1.05° days, when compared to DLA tumor control group. The
standard 5-FU at 20mg/kg, significantly (p < 0.001) increased the ALS to 29.24 +
1.37days. 1024AU of halocin SH10 at 0.1 ml/kg showed increase (p<0.05) in ALS
namely 27.72 + 1.21. The increase in body weight of DLA bearing mice was
34.23 £ 0.62. Treatment with 1024AU halocin SH10 showed a significant
reduction in percent increase in body weight (p<0.001) when compared to DLA
control. The standard 5-FU, however, was more potent in inhibiting the increase in
body weight of tumor bearing mice. 1024AU halocin SH10 also showed a
significant reduction in percent increase in body weight, when compared to DLA

control.

4.8.4.2. Hematological Parameters

Inoculation of DLA cells resulted in a significant increase in the levels of
total WBC, neutrophils and eosinophils and a significant decrease in the levels of
RBC, haemoglobin and lymphocytes in DLA control group when compared to
normal group of animals (p< 0.001). 1024AU of halocin SH10 at 0.1mL/kg was
found to significantly (p< 0.001) decrease the levels of total WBC, neutrophils and
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eosinophils and also led to significant (p< 0.001) increase in the levels of RBC,
haemoglobin and lymphocytes when compared to DLA control group. The
standard 5-FU, however, was found to be more potent than halocin SH10 causing

reversal of the haematological parameters towards normal values.
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DISCUSSION

5.1 Isolation of potential halocin producing haloarchaea

The Halobacteriaceae are extremely halophilic archaeobacteria that
inhabit aquatic hypersaline environments. They produce a wide variety of
antagonistic substances termed halocins (Rodriguez et al., 1982; Meseguer et al.,
1986) which resemble bacteriocins of eubacteria (Reeves, 1965). Many
representatives of the family Halobacteriaceae (halobacteria) excrete halophilic
bacteriocins (halocins) that inhibit the growth of other halobacteria. In spite of the
fact that halocin production is widespread among the Halobacteriaceae, no
information is available on their ecological significance. Halocins may play a role
in the interspecies competition between different types of halobacteria in saltern
crystallizer ponds inhabited by dense communities of these red halophiles. A study
of antagonisms among 79 strains of halobacteria showed that probably at least 15
different groups of halocins are present (Meseguer et al., 1986). The mechanism
of action of this halocin seems to involve the disruption of ion-gradients across the
membrane of target cells. The halocin causes cell-death and lysis that follow
'single-hit'-type kinetics (Meseguer and Rodriguez, 1986). Halocin production has
been shown to be a near-universal feature of haloarchaeal rods (Torreblanca et al.,
1994) and, based on antagonism studies, hundreds of different types have been
found to exist (Meseguer et al., 1986, Torreblanca et al., 1994). In order to explore
halocin diversity at both the protein and gene expression levels and to exploit
halocins as models for stationary-phase gene regulation, many more halocins need
to be characterized (Price and Shand, 2000).



Discussion

Multi-pond solar salterns, which are used worldwide for salt production
along tropical and subtropical coastal areas, present an environment with
increasing salt concentrations, from seawater to NaCl saturation. Characteristic
salt-adapted microbial communities are found along the salinity gradient.
However studies pertaining to microbiology of saltern ponds of South India which
contribute to significant amount of commercial salt production have not been
made adequately. In this context the present study addressed the prospects of
deriving haloarchaeal bacteria which may return potential halocins that may hold

scope for applications in several industries.

In the present study two potential haloarchaeal strains BTSH10 and
BTSHO3 were isolated from salt pans of Kanyakumari, Tamilnadu, India. Among
the two, the strain BTSH10 showed strong halocin activity against the strain
BTSHO03 which showed sensitivity against the halocin produced by BTSH10. The
halocin producing strain BTSH10 and the indicator strain BTSHO3 were identified
as Natrinema sp. BTSH10 and Halorubrum sp. BTSHO3, respectively. The genus
Natrinema was proposed by McGenity et al., 1998. The genus Halorubrum was
proposed by Mc Genity and Grant to accommodate Natrinema pellirubrum
(formerly Halobacterium salinarum NCIMB 786T) and Natrinema pallidum
(formerly Halobacterium halobium NCIMB 777T). In a phylogenetic tree based
on 16S rRNA gene sequences, Natrinema species formed an independent cluster
with respect to Halobacterium species. Natrinema species could be cultured at low
salt concentrations, and possessed a specific protein profile and polar lipid
composition. Subsequently, a novel species of this genus, Natrinema versiforme,
was described (Xin et al., 2000).

From the results obtained for the standardization of optimal cultivation
media for halocin production, it was inferred that Zobell’s medium supported
enhanced growth and halocin production compared to other media evaluated and
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hence the same was selected for further cultivation of the halophiles. Zobell’s
medium with varied inorganic salts was originally designed for isolation of marine
bacteria and perhaps that is the reason why halophiles from saltern ponds found

this medium as optimal medium for enhanced growth.

Since the halocin was produced by Natrinema sp. BTSH10 it was named
as halocin SH10 for easy reference and to make a difference from other reported
halocins. Interestingly Natrinema sp.BTSH10 showed resistance to 12 antibiotics.
Perhaps this antibiotic resitance could be attributed to a possible presence of large
megaplasmids in this bacteria (Argandona et al., 2003). Further FAME analysis
has also shown that Natrinema sp. BTSH10 contain a number of fatty acids both
saturated and unsaturated; many of them are identified and few are still
unidentified (Pabba et al., 2011)

5.2 Characterization of salt crystal formed by Natrinema Sp. BTSH10

Natrinema sp.BTSH10 showed characteristic salt crystal formation during
their growth in cultivation medium. The salt crystal thus formed known as the
halite was loaded with halobacterial cells which were present inside. The group
colonizing inside the halite may be haloarchaea which requires a minimum of
2.5M NaCl for survival (Grant et al., 1989). This life inside the halite was possible
by the formation of larger fluid inclusions (Norton and Grant, 1988). The
haloarchaea can survive inside the crystals for years together and Brian et al.,
(2009) have demonstrated that haloarchaea survives in halite for more than 30000

years. This sounds to be a method to store haloarchaea strains for several years.

Further the present results clearly indicated that the bacteria might act as a
nucleus around which the trace elements get attached which gives a crystalline

nature and structure. The formation of the crystal starts only after a weeks’ time.
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By this time there could be depletion of nutrients in medium and hence bacteria in
order to overcome the stressed condition bacteria may accumulate the salts
towards formation of such type of crystal. Perhaps haloarchaea in specific may
show this type of response during nutrient limited condition. Stress genes may get
activated which produces some stress related proteins that might accumulate the
salts around it. The increase in crystal size noted during refrigeration which was
not so in normal conditions could explain this phenomenon. Earlier studies
reported that dendritic crystals and cubic crystals are formed by S-Layer in the
presence of NaCl. This biomineralization (Maria et al., 2004) or biosorption
(Tsezos, 1985; Tsezos and Deutschmann, 1990) forms a honey comb like structure
reassembling the S-layer. These reassembled units are suspected to act as template

for crystal nucleation and growth

FTIR analysis of the crystal could be used to derive the molecular
structure of this compound. The presence of different functional groups could
attribute to the arrangement of different ions in the crystal. The crystal absorbs
light at 230 nm and it can be used for filters and microlaser waveguides
(Kumaresan et al., 2008). This new organic nonlinear optical crystal, grown by
culturing bacteria could be made use in optical studies. Thermal analysis shows
that the halite could be used in applications where the crystal is required for high
temperature up to 790.85 °C (Kumaresan et al., 2008; Sankar et al., 2008)

These crystals formed may be categorized as biological hard materials and
could be used as filters, cavities or microlaser waveguides, immunoassays, cell
sorting (Kiyotaka 2001; Mattoussi et al., 2000; Sun et al., 2001; Marek et al.,
2007).

The carotenoids and bacteriorhodopsin pigment producing organisms in
the Brine (Oren, 2008) protect cells from the harmful effects of ultraviolet light
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(Wu et al.,1983;Shahmohammadi et al., 1998) and also encourage evaporation by
trapping solar radiation. This evaporation leads to NaCl precipitation due to which
the haloarchaea gets trapped inside fluid inclusions, which can constitute 2+6%
(w/w) of freshly harvested solar salt and this phenomenon is universal (Castanier
et al., 1999).

5.3 Optimization of bioprocess variables for halocin production by Natrinema
sp.BTSH10

From the results documented it was inferred that 42°C was the optimum
temperature for maximum halocin production (1024AU). Nevertheless appreciable
levels of halocin activities could be recorded at other temperatures. Halocin
production observed at high levels at 42°C, and relatively at lesser levels at lower
and at slightly higher temperatures (47°C) indicated that the halocin gene
expression might be either temperature dependent or specific temperature of the
cultivation medium might act as an antagonist (stress) to the organism that induce
this gene expression (Christine et al., 2008; Mirko et al., 2012). Haloarchaeon
Sech7a was reported to be thermophilic in character with optimal growth
occurring at 45°C, although the temperature in its native solar saltern crystallizer
rarely exceeds 32°C (Pasic et al., 2005). Consistent with the physicochemical
properties of a crystallizer, the optimal growth of haloarchaeon Sech7a was
observed at pH 8, yet the halocin production reached maximum at neutral pH (PaSi
et al., 2008). Natrinema sp.BTSH10 could produce halocin in media with a pH
varying between pH 4 and pH 10 although maximum halocin production was
recorded at pH 8.0 (1024AU). However, the bacteria did not produce halocin

under acidic conditions.

Natrinema sp. BTSH10 required 3M NaCl for recording maximum

(1024AU) halocin production although NaCl concentration ranging from 1.5M —
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4M in the medium supported enhanced production of halocin. It was also noted
that a minimum of 1.5M NaCl was required for growth, and lesser concentrations
did not even support survival of the bacterium. These observations testified the
halophilic nature of the isolated bacterium and the impact of higher concentrations
of sodium chloride for halocin activity. The halocin of haloarchaeon Sech7a was
observed to remain active over wide NaCl concentration range (0.02M-5.2M)
with highest production observed in high salt media containing 3.4M NaCl (Pasi
et al., 2008). These observations made with Natrinema sp. BTSH10 was in
agreement with the earlier reports for other species of haloarchaeon although there
were marginal differences in optimal temperature and sodium chloride
concentrations. It was also noted that sodium chloride concentration was found to
have strong influence on the halocin activity of the halobacteria. Another specific
observation made during the study was that the maximal halocin activity observed
with these three factors namely temperature, pH and NaCl were almost same. This
observation could be attributed to the fact that the control medium had 3M NaCl
and pH of the medium was 7.4 which were almost identical with the optimum pH
and NaCl concentrations. Hence there was no marked enhancement in halocin
activity after optimization of these 3 variables. Further the results also indicated
that these three factors are independent in exerting their influence on halocin

production by the bacteria.

Maximal halocin production was supported by the medium supplemented
with galactose (2048AU) followed by sorbitol, maltose, glycerol, glucose,
fructose, and lactose. Whereas, medium supplemented with dextrin, sucrose and
xylose supported reduced levels of halocin production. Galactose was observed to
enhance halocin production in the medium compared to other carbon sources. The
bacteria could produce maximal halocin in the presence of beef extract (2048 AU)
in the medium followed by soybean meal, malt extract, tryptone, peptone, yeast
extract, casein and gelatin. Urea did not support halocin production. In fact it was
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reported earlier that the algae Dunaliella sp. (Avinash et al., 2011) that exist in the
natural salt pan ecosystem provides galactose for the halobacteria and thus the
strain recorded maximal halocin in response to supplementation of galactose under
laboratory conditions. In a similar fashion maximal growth rate and halocin
activity by haloarchaeon Sech7a was observed in media supplemented with
glycerol and yeast extract (Pa3i et al., 2008). It must be noted that in solar salterns,
glycerol produced by blooms of unicellular green algae, Dunaliella is considered
the most important source of organic carbon for the heterotrophic prokaryotes
(Bardavid et al., 2008).

Additional salts in the medium were found to exert influence on halocin
production by the archaebacteria. Among the inorganic salts used for
supplementation of the medium as additional salts, calcium chloride (2048 AU)
was found to support maximal halocin production in the medium followed by
magnesium chloride, sodium fluorate, potassium chloride, and sodium
bicarbonate. Whereas aluminium nitrate, potassium bromide, strontium chloride
and sodium silicate led to a much reduced level of halocin production when
compared to the levels noted with Zobell’s medium in the absence of these
particular salts. These observations indicate that the members of archaea have a
special nutritional requirements and critical life style in the salt pan environment
which needs to be investigated further to have a better understanding of their

physiology in hyper saline environments.

It was found that higher agitation rate led to enhanced bacterial growth
and production of halocin compared to lesser agitation rates. A maximum of
4096AU was recorded at 200 rpm and 250 rpm although lower agitation rates (50
rpm to 150 rpm) also supported considerable levels of halocin production.This
might be due to better mixing of the medium which facilitates better mass transfer

and also does not support the adherence of the microbes to the surface of the flask.
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These observations strongly suggested that aerobic conditions are required for
enhanced halocin production by the halophilic Natrinema sp. Generally the
dissolved oxygen is low in aqueous medium at higher concentrations of NaCl and
hence aerobic organisms need provision of adequate oxygen for enhanced electron
transport and consequent growth and halocin production. Normally the agitation
process facilitates infusion of atmospheric air into the growth medium and

provides required oxygen for the bacterium (Feng et al., 2003; Hay et al., 2012).

Natrinema sp. BTSH10 produce halocin at enhanced levels only during
the stationary phase of growth although significant levels of halocin could be
noted during late exponential phase. Maximum (8192 AU) production of halocin
was observed at 104 hours, during the stationary phase. Nevertheless the halocin
activity in the medium was also noted even after 144h. The halocin production
was reported to register an increase when the culture entered the exponential phase
and continued to increase during the course of exponential phase although
maximal level was attained during the stationary phase (Price and Shand, 2000;
O’Connor and Shand, 2002). These observations made in the present study
indicated that in the case of Natrinema sp. BTSH10, halocin production is growth
associated which gets accumulated in the cell and released during stationary
phase. In an earlier study halocin production by haloarchaeal strain Sech7a was
reported to be growth dependent (Pasi et al., 2008). Although the onset of halocin
activity was observed in the early exponential phase of growth, the halocin Sech7a
peak activity was observed as the bacteria entered the stationary phase of growth
(Pasi et al., 2008) in contrast to most other halocins which were first detected
when the bacteria entered the stationary phase of growth (Shand et al., 1999;
O’Connor and Shand, 2002). Further HalS8 activity was reported to be
undetectable in culture supernatants until the culture began the transition into
stationary phase (Price and Shand , 2000; Shand et al., 1999) and later the activity
reached a maximum within 10h of onset and was stable for greater than 80h after
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reaching maximum values (Price and Shand, 2000). The results observed in the
present study for Natrinema sp. BTSH10 were very similar to that observed for
most other haloarchaeal bacteria in terms of halocin synthesis during growth in the
production medium. It may be noted that during the process of optimization of
variables, one after another, the halocin content showed increase and reached a
maximum under optimized culture conditions. This observation strongly indicated
the need for optimization of production medium towards enhanced level of
halocinSH10 production by Natrinema sp. BTSH10 and the significant role of

media constituents in inducing halocin synthesis by the bacterium.

5.4 Purification and characterization of halocin produced by Natrinema
sp.BTSH10

The cell free supernatant obtained after molecular weight cut off
fractionation with 10kDa and then with 30kDa molecular weight cut off
centrifugation, showed halocin activity. In fact the results noted for the fractions
obtained with the below 30kDa range but above 10kDa indicated that the product
size must be between 10kDa to 30kDa.

The gel filtration chromatography using Sephadex G50 column gave 7
peaks with halocin activity. The purity and the molecular weight of the halocin
SH10 was further determined by Tricine PAGE. The single band appeared on
Tricine PAGE confirmed that the molecular mass of halocin is 20kDa. The present
study indicated that the halocin is relatively larger in size than the microhalocin
and smaller than the halocins reported from other halobacteria. The size of halocin
SH10 was found to be very different when compared with the size of halocins
reported so far in the literature. Thus size of halocins such as A4 is <5 kDa
(Haseltine et al., 2001), C8 is ~31.1kDa (Li et al., 2003, Sun et al., 2005), H1 is

31kDa ( Platas et al., 2002), H4 is 34.9kDa (Rodri’guez et al., 1982), H6/H7is
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~3kDa (Rodr1’guez-Valera et al., 1982, Meseguer et al., 1986, Torreblanca et al
.,1989), Rlis 3.8 kDa (Haseltine et al., 2001; O’Connor, 2002), S8 is 3.58kDa
(Shand et al., 1999; Price and Shand 2000; Haseltine et al., 2001) and Sech A
is10.7kDa (Pasic et al., 2008). The HPLC profile obtained showed that a
HalocinSH10 is exactly separated between 11 and 12 min where the
ACN/WATER volume was calculated as 32%: 68%. The purity of the halocin was
confirmed based on comparison of the profiles. It was also inferred that the

halocin is a hydrophilic protein since it was eluted in the presence of more water.

First five amino acids detected by N-Terminal protein sequencing showed
the protein sequence as ala — pro — phe —tyr - ile (APFY1). Comparison of halocin
SH10 with already reported protein sequences of halocin H4, S8 and C8
(http://bactibase. pfba-lab-tun.org/bacteriocinslist.php?g=halocin) showed that, out
of the five N-Terminal amino acid of SH10 four are non-polar hydrophobic amino
acids. This shows similar character to halocin H4 and S8. It was reported that
halocin S8 contain 47% hydrophobic aminoacid (Price and Shand, 2000) and
halocin H4 contain a hydrophobic segment between aminoacid region 178- 209
(Cheung et al .,1997). NMR spectrum of halocin SH10 showed intense peaks in
the aliphatic range indicating clearly the presence of aliphatic chain containing
amino acids which are numerous in count. It is well known that Aliphatic R
groups are non polar and Hydrophobic. Total amino acid profile showed the
presence of hydrophobic amino acids in higher percentage when compared to
other amino acids. This observation adds evidence to the fact that halocin SH10
shares a similar character with that of halocin H4 and S8. MALDI was performed
and the m/z value obtained was used to check the protein similarity by MASCOT
analysis. This protein similarity search showed that the halocin shared sequence
similarity with 50S ribosomal protein L3P of Methanosarcina acetivorans (strain
ATCC 35395).
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In the present investigation it was found that halocin SH 10 produced by
Natrinema sp. BTSH10 could kill the indicator strain Halorubrum sp. BTSHO3 by
cell swelling followed by cell lysis. Halocins have been reported to generally kill
the indicator organisms by cell swelling followed by cell lysis (O’Connor and
Shand, 2002; Sun et al., 2005; PaSi et al., 2008). Similar action has been observed
with halocin Sech7a (Pasic et al., 2008), H4 (Meseguer and Rodri’guez, 1985),
H6 (Torreblanca et al., 1989), and C8 (Li et al., 2003). Torreblanca et al., (1989)
also reported that due to halocinH6 action the intracellular volume of sensitive
cells increased followed by cell swelling and lysis. They also suggested that these
intracellular changes might have happened due to the action of halocin H6 on the
cell membrane. Following this lead, experiments that measured changes in cell
volume, internal pH, membrane potential, proton motive force and sodium and
proton flux in response to HalH6 were conducted and the results showed that the

Na " /H" antiporter is the target of this halocin (Meseguer et al., 1995).

5.5 Halocin as a preservative for leather

Leather industry makes use of hides and skins. Once the hide is removed
from the animal, the inner surface of the hide becomes contaminated, bacteria
penetrate the hide and their action rapidly overtakes that of autolysis. Hide
putrefaction is essentially attributed to degradation of heterogeneous fibrous
matrix. In most of the occasions, aerobic and facultative anaerobic organisms were
found to be associated with the cattle hide, which were found to cause only partial
hydrolysis of hide proteins. Hence raw hides before processing are stored by
applying raw salts. When they are stored for a long time the halophilic /salt
tolerant lipolytic and proteolytic bacteria colonize the hides and form small pores
and also lead for putrefaction. Formation of such pores on the hides does not
contribute for the production of quality leather products. Applying the halocin as

an agent to reduce to number of Bacteria on the hides will help in storage of raw
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hides for a long time and to maintain quality in leather. In this context the studies
conducted with hides using halocin SH10 as a possible preservative indicated that
halcoin treated hides had relatively very low bioburden compared to control which
did not receive halocin treatment. Halocin treatment for 12h could inhibit
halophilic bacterial growth on hides during incubation for 10 days compared to
other period of treatment. Probably this halocin might have acted as a regulatory
protein since the halocin is an extracellular protein it might have entered the cells
of the indicator organism and acted as a repressor. Thus this halocin SH10 could

have become effective.

Earlier studies on halophiles showed that brine cured hides processed in
different countries had extremely halophilic Archaea (Bailey and Birbir,
1993,1996; Birbir, 1997) mostly contributed by the salt used in brine curing of
hide. In the US, 131 brine cured hides were tested for extremely halophilic
Archaea and 98% of them contained these microorganisms. Further, presence of
proteolytic and lipolytic halophilic strains in salt affect hide quality adversely and
every brine curing raceway that produces hide contains a significant humber of
extremely halophilic bacteria that contaminate almost every hide (Kallenberger,
1988; Birbir et al., 2002; Birbir and Sesal, 2002; Birbir, 2004). Considerable
attempts have been made to use bactericides during brine curing of hides (Vivian,
1969; Hendry et al., 2001; Birbir and Bailey, 2000). Although -effective
bactericides have been recommended (Birbir and Bailey, 2000; Weiss and
Thornton, 1984; Lollar and Kallenberger, 1986), in recent years the uses of
bactericides have been questioned due to their toxicity and bacterial resistance to
them on repeated use. Whereas, halobacterial growth on hides can be prevented by
using natural antimicrobial compounds such as halocins produced by extreme
halophiles. Thus antiarchaeal substances have drawn the attention towards
prevention of haloarchaeal damage on brine cured or salt packed skins and hides.
Though several species of Haloarchaeon were studied for halocin production,
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reports on halocin production by Natrinema sp. are rather very limited. In this
context the present study indicate scope for possible application of halocin SH10

as a preservative for hides in tanneries and leather processing industries.

5.6 Anticancerous activity of halocin SH10

Most of the cancer cell lines HeLa has the characteristic feature of
abnormal cell proliferation and an active version of telomerase during cell
division, which prevents the incremental shortening of telomeres that is implicated
in aging and eventual cell death. In this way the cells circumvent the Hayflick
Limit, which is the limited number of cell divisions that most normal cells can
later undergo before becoming senescent (Ivankovi¢ et al., 2007). HeLa cell line
was derived for use in cancer research. In the present study it was observed that
halocin SH10 led to the lysis of the cancer cells indicating prospective application

as anticancer agent.

A549 cells are reported to synthesize excess lecithin with a high
percentage of disaturated fatty acids utilizing the cytidine diphosphocholine
pathway. This process of phospholipid synthesis is responsible for pulmonary
surfactant synthesis. This human surfactant thus synthesized and secreted
interferes with therapeutics during pulmonary disease treatment (Michael et al.,
1976). So the anticancer drugs could not function properly over these cell lines. In
the present study it was observed that halocin SH10 could negotiate with these
surfactants produced and was active against these tumor cell lines. Perhaps it
could have also interfered in reducing the production of lecithin through which the

entire process of surfactant synthesis and secretion may be restricted.

OAW42 - human ovarian carcinoma lines are generally multi drug

resistance and due to the exposure of increasing concentrations of doxorubicin.
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These cells show resistance to doxorubicin (Wilson, 1984; Redmond et al.,1993),
vincristine, etoposide, tenoposide and also to cisplatin but not to 5-fluorouracil.
This resistance characteristic is due to the overexpression of P-glycoprotein
(Redmond et al., 1993). This situation necessitated requirement for new
antibiotics to overcome this sort of resistance. In this context the results of the
present study with halocin SH10 indicate scope for use as an alternate to such
antibiotics since halocin showed effective cytotoxicity. This might reduce the
expression of P-glycoprotein in these cells and so the multi drug resistance of this

cell line could be reverted.

In DLA tumor bearing mice shows, a regular and rapid increase in ascitic
tumor volume has been reported (Badami et al., 2003). This ascitic fluid is
essential for tumor growth, as it constitutes nutrition directly to tumor cells (Gupta
et al., 2004). Due to the increase in fluid there is an increase in local inflammatory
reactions which results ultimately in vascular permeability which further results in
cellular migration and intense oedema (Gupta et al., 2004). After treatment with
halocin SH10 there was a decrease in the body weight probably as a result of
reduction in ascitic fluid volume. Thus decrease in the ascetic fluid is a good sign
that the tumor is reverted and mice were turning normal. Generally the cancer
patients are anemic (De Vita et al., 1993) due to the decrease in haemoglobin.
Whereas, due to the increase in inflammation, there could be an increase in WBC
in tumor bearing mice. The tumor bearing organism does not have a site specific
function. Even though the tumor is site specific the functions of vital organs
especially the liver is affected to the maximum (De WYys, 1982). The present study
also showed a significant decrease in the total WBC, neutrophils and eosinophils
count and increase in the RBC, hemoglobin and lymphocytes towards the normal
values compared to DLA tumor control. These observations suggest that there was
a reversal of hematological parameters near to normal control mice. Further the
results also indicate that halocin SH10 may possess protective action on the
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haemopoietic system. Such results have been reported earlier (Chandrasekar et al.,
2006, Gupta et al., 2004, Kumar and Kuttan, 2005).
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SUMMARY

Multi-pond solar salterns are used worldwide for salt production along
tropical and subtropical coastal areas and characteristic salt-adapted microbial
communities are found along the salinity gradient in these saltern ponds. Further, in
spite of the fact that halocin production is widespread among the Halobacteriaceae,
no information is available on their ecological significance. Whereas, halocins may
play a role in the interspecies competition between different types of halobacteria in

saltern crystallizer ponds inhabited by dense communities of these red halophiles.

Research investigations pertaining to microbiology of saltern ponds of South
India which contribute to significant amount of commercial salt production has not
been made adequately. In this context the present investigation addressed the
prospects of deriving haloarchaeal bacteria which may return potential halocins that

may hold scope for applications in several industries.

A potential halocin producing haloarchaeal strain Natrinema sp BTSH10 and
an indicator strain Halorubrum sp. BTSHO03 were isolated from salt pan of
Kanyakumari, Tamilnadu, India. They were identified based on polyphasic taxonomy
characteristics. The 16S rRNA partial gene sequences were submitted to GenBank
(JN228202-Natrinema sp.BTSH10, JF830242-Halorubrum sp.BTSHO3) through
Bioedit programme, at NCBI site. From the phylogenetic tree constructed, it was

inferred that the Natrinema sp. is found in a separate branch indicating that this might
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be a new strain which has to be further characterized and confirmed. Halorubrum sp.
showed very close similarity with an uncultured archeon and Halorubrum

xinjiangense.

The halocin produced by Natrinema sp.BTSH10 was named as halocin SH10
after the name of the producing organism. The activity of the halocin against the

sensitive strain Halorubrum sp.BTSHO3 was confirmed by agar overlay method.

Antibiotic sensitivity studies were done using 31 antibiotics and Natrinema
sp. showed multi drug resistance and the MAR index was calculated as 0.3870.
Halorubrum sp. showed resistance to 3 antibiotics and its MAR index was calculated
as 0.09677.

Lipid analysis of Natrinema sp. showed presence of 10 different lipids out of
which only four were identifiable and remaining 6 were unidentified. Fatty acid
methyl esterase (FAME) analysis showed the presence of many unidentifiable fatty

acids.

Natrinema sp. BTSH10 formed halites which were of different sizes varying
from few millimeters to upto 2cm length. SEM confirmed the colonization of these
haloarchaea inside the crystal. ICP-AES analysis showed the presence of Fe, K, Mg,
Na, Sr in the halite. Powder XRD studies, FTIR analysis, UV-VIS-NIR analysis and
thermal analysis confirmed the crystallinity of the sample and also the thermal

stability of the crystal.
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Various bioprocess variables were optimized for halocin production by
Natrinema sp.BTSH10. The initial medium used for production was Zobell’s broth.
Strategy adopted for optimization was ‘one-factor-at-a-time’ method where the

optimized variable will be constant in the forthcoming optimizations.

Optimization of incubation temperature for halocin showed that maximum
halocin production was observed at 42°C which showed 1024AU of halocin. 37°C

and 47°C also showed enhance in halocin production but only at lower levels.

Halocin production was observed over a broad pH range from pH 5 to pH 9
although maximum halocin production was recorded at 8.0 (1024AU). However, the

bacteria did not produce halocin under acidic conditions.

Sodium chloride concentration was considered to be a key factor for halocin
production. Natrinema sp. BTSH10 required 3M NaCl for maximum (1024AU)
halocin production. NaCl concentration ranging from 2.5M — 4M (512AU) in the
medium also supported enhanced production of halocin. Natrinema sp.BTSH10

required a minimum of 1.5M NacCl for its survival in the medium.

Among the different carbon sources used maximal halocin production was
supported by the medium supplemented with galactose (2048AU) followed by
sorbitol, maltose, glycerol, glucose (1024AU) and fructose, lactose (512AU).
Whereas, medium supplemented with dextrin, sucrose and xylose supported reduced
levels of halocin production. Galactose was observed to enhanced halocin production

in the medium compared to other carbon sources.
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Among the different nitrogen sources tested, the presence of beef extract
(2048AU) in the medium supported maximal halocin by bacteria followed by soybean
meal, malt extract, tryptone, peptone, yeast extract (1024AU) and casein, gelatin

(512AU). Urea did not support halocin production.

Among the different inorganic salts used in halocin producing medium
calcium chloride (2048AU) was found to support maximal halocin production by
bacteria followed by magnesium chloride, sodium fluorate, potassium chloride, and
sodium bicarbonate (1024AU). Whereas aluminium nitrate, potassium bromide,
strontium chloride and sodium silicate led to a much reduced level of halocin

production.

Agitation influenced halocin production. Maximum halocin production
(4096AU) was observed at 200 rpm and 250 rpm. Lower agitation rates 50 rpm to

150 rpm also supported considerable levels of halocin production.

The time course experiment was conducted over a total period of 144h.
Maximum (8192AU) production of halocin was observed at 104h, during the
stationary phase. Halocin production was observed at considerable levels even after
88, 96, 112 and 128h where the halocin production was noted to be 4096AU. The
halocin activity was found to be 2048AU after incubation for 80 and 144h.

Halocin SH10 was purified employing standard purification protocols which

included ethanol precipitation of sample followed by molecular weight cut off

centrifugation by 30kDa cut off membrane and gel filtration chromatography.
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Fraction with halocin activity obtained after separation with molecular cut-off

membrane confirmed that the molecular mass of the halocin is below 30kDa.

Sephadex G50 column was used for gel filtration chromatography and the
elution was done using 50mM Tris-HCI buffer pH 8.0. A single peak was obtained for

the elutants having halocin activity.

The purity of the halocin was confirmed by HPLC. The crude supernatant,
30kDa cut off centrifugation subjected supernatant and the gel filtration elute showed
a single peak exactly between 11 and 12 min where the ACN/WATER volume was
calculated as 32% : 68%.

Tricine PAGE was performed to confirm the purity of the halocin and
determine its molecular mass. The molecular mass of halocin was calculated as
20kDa.

Bioautography assay was also performed on the unstained protein gel (Tricine
PAGE) by agar overlay method which showed a clearing zone exactly at the 20kDa

region comparing to the stained gel.

Cell lysis assay performed using halocin against Halorubrum sp.BTSHO03
showed cell shrinkage and formation of small islands /colonies after 3h of incubation.
Cell bulging and signs of cell lysis appeared after 6h and complete cell lysis after 12h

of treatment.
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N-Terminal sequencing enabled detection of first five amino acid which was
found to be APFYI. MALDI and MASCOT analysis of the 20kDa halocin SH10
showed that it has a very close sequence similarity with 50S ribosomal protein L3P of

Methanosarcina acetivorans (strain ATCC 35395).

NMR spectrum showed that halocin SH10 has excess of aliphatic chain
containing aminoacids which are generally non polar and Hydrophobic. Total
aminoacid analysis showed the presence of glycine (12.74%), asparigine (10.35%),
glutamine (9.78%), valine (6.05%), alanine (3.94%), serine (3.69%), histidine
(3.43%), threonine (3.11%) which confirms the NMR spectrum.

The halocin SH10 was thermostable up to 40°C (4096 AU) without any loss of
activity which however got declined to 1024AU at 60°C and 70°C and 128AU at

80°C and then lost activity at higher temperatures.

Halocin SH10 was stable at pH 6.0-8.0 (4096AU) and at pH 9.0 (2048AU)
the activity got declined. At pH below 6.0 there was a rapid decrease in halocin

activity.

The halocin SH10 retained its activity (4096AU) when incubated with 10% of
organic solvents, upon incubation with 20% and 30% solvent halocin retained its
activity with acetone, acetonitrile and isopropanol but lost activity with chloroform

,methanol and ethanol after one hour incubation.

HalocinSH10 was found to have greater importance in leather industry.

Halocin treatment for 12h could inhibit halophilic bacterial growth on hides. In raw
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hides 67 £ 2 CFU were obtained and after treating with halocin for 3, 6 and 12h, CFU

decreased considerably.

Halocin SH10 also found to have anticancerous activity which was confirmed
by short time cell cytotoxicity studies conducted on DLA cells where the CTCs, value
was found to be 256AU. MTT assay carried out on cell lines to study anticancer
activity of halocin in vitro, which showed that it had 1Cs value for HBL100 cell line
was 4096AU which clearly indicated that it does not have a toxicity effect towards
normal cell line. Cell cytotoxicity was shown towards other cancer cell lines used and
ICs, values were calculated as 1024AU for HelLa cell lines and 512AU for A549,
OAW42 and HEp 2 cell lines. Accordingly 1024AU and 512AU concentration was

used for in vivo anticancer study.

Halocin SH10 when treated towards DLA bearing mice showed that the
parameter reverted to near normal comparing to normal DLA and DLA+5FU with the
halocin SH10. This reversion is indicated by reduction in the body weight (grams) to
20.85 + 1.73 after treatment of DLA mice from 34.23 £ 0.62 with halocin which may
be a reason for the decrease in tumor cells. In the same way the increase in WBC
(1x10® mm®) from 10.41 + 0.46 in normal to 19.58 + 1.22 in DLA mice was reduced
to 13.36 + 0.45. RBC (1x10° mm?®) level also decreased to 5.52 + 0.47 in DLA mice
which was 11.10 + 0.38 in normal mice and the level increased to 8.75 + 0.16 upon
treatment with halocin SH10. Hemoglobin (g/dl) level increased to 12.35 + 0.72 upon
treatment of DLA mice bearing 8.64 + 0.68 which was lesser in content comparing to
normal mice (11.10 + 0.38). The differential WBC count also showed reversal of cell

number near equal to normal mice after treatment with halocin SH10.
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CONCLUSION

Based on the results obtained in the present study it is concluded that
haloarchaea holds a treasure of bioactive substances, particularly halocins which have
immense scope for several applications. To the best of our knowledge this is the first
halocin reported for Natrinema sp. Further this is the first time a halocin from a
halocbacteria Natrinema sp. is shown to have anticancerous activity against major
cancer cells concerned with humans. The results obtained for the characterization of
this halocin showed that the halocin is stable at wide range of pH, organic solvents
besides being thermostable. These characteristics add more importance to this halocin
and indicate scope for other applications as a preservative in food and in leather
industries. This halocin SH10 can also be used in leather industry for storing the
leather, free from bacterial community which damages the hide and decreases the
quality of the hide. There is ample scope for further research to be conducted on

halocin such as biochemical characteristics, elucidation of structure.

This study on halocin production by Natrinema sp.BTSH10 indicate the
prospects for intensive research which could lead to discovery of novel halocins
which could have far reaching impact in biopharmaceutical industry particularly as
anticancer drug. It is also anticipated that further research on this halocin could lead
towards development of novel anticancer drug and new era in pharmaceutical
biotechnology. There is no doubt that haloarchaea from saltern ponds have immense

potential to return novel and valuable drugs and bioactive substances.
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APPENDIX

Halogeometricum borinquense

Halosarcina pallida
Halobellus limi
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Fig 4.57. Evolutionary relationships of 44 taxa of Halobacteriaceae family
inferred using the Neighbor-Joining method. The optimal tree with the sum of
branch length = 2.99715993 is shown. The percentage of replicate trees in which
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the associated taxa clustered together in the bootstrap test (1000 replicates) are
shown above the branches. The evolutionary distances were computed using the
Maximum Composite Likelihood method and are in the units of the number of
base substitutions per site. Phylogenetic analyses were conducted in MEGA4.

EUBACTERIA

C THERMOPROTEI

—— THERMOPLASMA

Eu

THERMOBACTERIA

METHANOBACTERIA

Ne

HALOBACTERIA

Fig 4.58. Cladogram that highlights the phyla of the kingdom Euryarchaeota. The
general organization of the cladogram according to - The All-Species Living Tree
Project (Woese et al., 1990). C = Crenarchaeota; E = Euryarchaeota; Eu =
Eurythermea; Ne = Neobacteria.
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Table 4.11 Antibiotic sensitivity and resistance profile of Natrinema sp.

BTSH10 and Halorubrum sp. BTSHO3

S.No Antibiotic Natrinema sp. Halorubrum sp.
BTSH10 BTSHO03
1 Ciprofloxacin R S
2 Norfloxacin R S
3 Cephotaxime R S
4 Cephalothin R S
5 Cotrimoxazole R R
6 Chloramphenicol R S
7 Bacitracin R S
8 Tetracycline R S
9 Neomycin R S
10 Imipenem R R
11 Vancomycin R S
12 Aztreonam R S
13 Oflaxacin S S
14 Penicillin G S S
15 Azithromycin S S
16 Meropenem S S
17 Tobromycin S S
18 Moxifloxacin S S
19 Sparfloxacin S S
20 Levofloxacin S S
21 Amoxicillin S S
22 Polymixin B S S
23 Gentamycin S S
24 Erythromycin S S
25 Clindamycin S S
26 Ceftazidime S S
27 Netillin S R
28 Doxycycline S S
hydrochloride
29 Nalidixic acid S S
30 Nitrofurantoin S S
31 Gatifloxacin S S

R — Resistance; S - Sensitive
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Industey, leather industry and i costrol of nfections bactesia
and hence there is great mterest in isolation of patential pro=
teinaceous hiosctve substances. Haloarchaea were the first
members of Archaca found 10 produce profeinacsons bacteri-
ocins which are neleased mlo the emvironmend, o unsversal
characteristic of halophilic becterin (Rodriposz et al, 1982),
These proteinucecus bacteriocins, termed as halocins, ot
apainst related species &nd are universally prodaced by hakoe
phile archasa (Torrehlanca et al, 1994} In spite of the fact
that severad halophilic archaea are being explored, only vary
few halocing have heen studied up o dheir molscukar level
and their mode of action whether they kill or imhibil odher
habcarchacons as a defence 15 yel o be understood cleasly
(Tamar and Aharon, 2000; Messguer and Rodnguez, 1986),
Muoreover, all haloarchaca are not sengbive o any parboulkar
halocin, and & “sensitive” straim is the one which elaborates
a zone of inhibiGon on 2 dowblesagar cverlay plate in response
to the presescs of kalocin (Pad ot al., 2008).

Hakacins have keen reported to generally kill the indicator
argamisms by cell swelling followed by el lysis (O°Comnor and
Shand, M0E; Sun et al, 2005 Pafi et al., 2008), Halocin A4,
a1, R1, HI, H2 ("Connor and Shand, 2002); H3, HS (Rods
ripuez cf al, 1982, O'Consor and Shaed, 2002); H4 (Sun
et al 205 Gonzale et al, 2002 O'Connor and Shand,
T2 HEHT (0 Connor and Shand, 20020 Li et al, 2003);
88 (0°Connar and Shand, 2007); C8 (Li et al, 2005 Sun
el al, 2005) and SochTa (Pak et al, 2008) are few halocing re=
ported till date and coly few of them are snadied up o mola-
alar Jevel. They are generally produced at the mid exponential
phase (O'Connor atd Shand, 2002 Padi e al. 2008). The
mechanism of sction of halocin may invelve modification of
cell permeability ar inkibition of Ma+ H+ anuporter and
Proton flux. Few halecins are said to be salt dependent since
the profein loses its activity when the concentration of salts
docrosses bevond a minlmum level (Rodrigoez oo al, 1982
Price und Shand, 2000}, Halesin HE produced by hiloanchas
Haloferax gihbonsii wes reportead to dnhibit Na+ H + exchane
ger (NHE) in mammalian cells (Meseguer st al., 1995), Studies
have been conductsd up 1o gene level For halocing 4 (Cheang
et al., 1997), C% (Sun ez al,, 2005), and 5% (Price and Shand,
00, and for identification of the mRNA respomsible for
production of kalocin {Chewng et al, 1997; Price and Shand,
000}

Though soveral species of Hakarchaeons were studiod
for halecin production, reports on halecn production by
Natrmewa sp. are rather Hmited, In this context, herein we
report the production of halocin by Natrineme p. an exiosme
halophile Bsolated from saltern ponds of seuth India, which
wre well known as source ol szl prepared for human
consumpion

2, Matcriaks sl methods
2.1, Microarganiims

Soil samples wens collected from sall pans of Kanyakumari
district, Tamilnadu, India. One gram of soil was mixed with
10 ml of saturaled solution of sodium chloride, homogenized
and 100 ul of the prepared sample was spread plated on fo-
hell’s agar medium cantaiming 3 M sodium chloride and incus=
ated [or o weck an 37 °C. Later, the single cell colanies Tommed

on the plates were picked, parified and stored as glycerol
stocks in ~ 8 °C deep freezer, All the isolatsd cultures wers
tested for production of antimicrobial compounds (halocins)
apainst other halophilic bacterial cultures. Potential straing
thiat showed miense bioactivities were scncened against sshected
halohacteria jsokated Fromm saltern pond . Both straing that pro-
duced hioactive substunces and showed inhibition were idents
fied based on thetr morpbolopheal, bochemical, physiological
characteristies (Bergey’s Manual of Systematic bacteriology)
ard [ES nbolyping.

2.2 Medin fie hatacin productios

Mediam that supported maximal biomass and hakcin prodoos
tiom was selected [rom among six diferent media namely Eimbys
ellen mediam (EM) (Catherines et al,, 2000}, Sehgnl and Gikbons
1505 (_Sedlg!l and CGibbons, 19601, MH medinm (Veatosa et al.,
1982}, HE medium (Torreblanca e al., |986; Catherine ef al.,
2001) 5M 97 (ATCC Mamual) and Zobell"s medium {Hismeds
in). The compasitions of the media anc as given below:

2.2.1. Eimthjeften medium (modified)

Weast exiract - 5 g, M0, TH O =20 g, CaCl, 2H,0 =05 g,
Nall— 30 M, Disilled watet — 100 nal (Catherine & &), 2001).

222 Eehpel and gifbons mediun (madified)
Yeast extraet — | g Casaming acids — 0075 g, Sodivm citrate —
0.3 g, MgSOeTHO - 208, KO — 0.2 g, Fe(ly — 00023 g,
Malll— 3.0 M, Distilbed water — 100 m] (Sehpel and Gibbons,
1560),

223 DEM F

Cassmino acids — 7.5 g, KOI= 2 g, WaCl— 3.0 M, Trsedwem
citrate — 3 g, MpgSO,— 1 g, MoSOy — 008 g, Perrous sulphate
— .5 g, Yeas! extract — W g, Agar — 10 g, Distlled waler —
1000 el (ATCC manualy,

2.24. MH medium (modified)
Protease peptone — 0.5 g, Veast extract — | 0l g, Glucose =0 g
with 25% (w/v) of wotal salls (Ventoss et al, 1982).

225 HE medium {modified)

Weast eatraet — 0.5 g, Glucose — 0.1 g with 25% (w/v] of toral
salts (Torreblanca ot al., 1984),

Tl total salts solution was prepared with NaCl — 3.0 M,
MECl6H0 — 47 5 MpS0, THO — 608, Cally2H,0 —
0.1 g, KCl—0.6 g, NaCOyH — 0,02 g, NaBr — 0.07 g, FeCly —
000S g, Dastilled water — 0B m1 (Suboy, 193100

224 Zobell's medium
Peplic digest of animal ssues— 5 g, Yeasl exizacl — 1 g, Ferric
citrane —0.1 g, NaCl— 3.0 0, MpClraH0—8.8 p Sodium sl
rhnte — 324 g, CaCl,2H0 — | 8 g, KO =055 g, NaCOH —
0,18 g, KBr—0.08 g, Strontium chlonde— 00034 g, Bore acid —
0,022 g, Sedium silicate — 0.004 g, Sedivm fuorate — 0024 g,
Ammaonium mitrate— 00018 g, Disodium phosphate — 00008 g
Dristilled water — 1000 ml supplemented with NaCl (4.5 M),
Irrespective of the medium, the finul concentration of
sodium chloride it the medium was adjusted 1o 3 M unless
otherwise specifisd. The pH of the medium was maintainsd
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at 7.4 £ 2. Solid medium was prepaned by the addition of 2%
(wivy of agar (Hiwmedia) to broth. The bacterial growth was
reasured in terms of O at 600 i in 8 UY—Visble spectnom
phetometer [Shimadzu Moded 1604)

2.3, Prelingry sereeming af halocin activity

All the halophalc baclenal sirains isolaled from the szl ponds
were sereened For halacin activity by testing each strain against
the ather struin. The presence of zone of inhibition oa double
layer agar plates was used as indicator for halocin production
(Shand et al., |159% FConnor and Shand, 2002), 1 pl aliquots
ol brath culture of cach stram grown in Zabell’s medium were
spotted omto top-agar lasn culture of the other halophilic
sirains and incubated al 42 °C for 7 days. Appropiale controds
were maimained wing unipoculated media. Cualures that
showed inhibition were selected and subjectsd to further
sudies.

24, Culwee conilitions

A preculare of the selected bacterial sirain that showed halo=
cin aclivity was prepared mitially by growing the straie in
10 ml of Zebell's medium at 37 “C for 24 b, After growth the
culture obtxined was centrifuged at 10,000 rpm at £ °C for
15 min, under aseptic conditlons, and the cells were harvested,
washed with brine salutian (15% NaCl), and suspended in the
same splutiom. The concentration of’ the cell swspension was
adjusted 10 0.2 O ar 600 am and wsed 85 incculum at 2%
(V) level. 100 ml of Zobell's medium l2ken in 2 230 mi con=
ical flask was wnoculated with the preparcd inoculums and
incubated for 9% h, Rimilarly the selected indicator oTganism
was aleo grown in Zobell's medium and a eell sospension
was prepared in the same manner a5 was done with 1he halocin
producng strn,

2.5, Halvein prodwction aod aesay

Zobell's medium was wsed for the production of halocin, The
sterile mediem was inoculated with the selecled sirain
BTSHI, incubasted at 37 *C for 96 b, and the becterial frec
supernatant was used for halocin assay after centrifugnsion
(10,000 rpen for 10 min) of the cullure brotb.

Halocin activiiy was cheched by agar well diffusion method
(John et al., 1966) using the cultare supermatant. The indicator
strain BTSHOS was grown up to 0.3 OD a1 600 mm and 200
of the indicator sirain was mixsd with 20 ml of Zobell's meds
{urm containing hall strenpgth (1%) agar, and overladd on Zobell
agar plates containing 2% agar. Haloein activity was checked
by the addition of 50l of cell free supernatant of BTSHI0
into the well (0.5 cm diameter) made on the plate containing
the top apar und perfarming the halocie assay after incohation
for 72k

The halocin activity was determined using serial twofold
critical eml paint dilutions to extinction {(Meseguer et al,
1986} and expressed as arbiwary units (AL, which are defined
us the reciprocal of the first dilution at which all truces of
inhibitory activity disappears (Cheang et al, 1967). The two
fold dilution ratio of halocin follows a geometric progression
where the hulocin activity can be calelated by

G =y g

where “'a" denotes the scale facter, g™ is the common rdie
aned “'n" being the first dilution al which all troes of inkibitory
activity disappears,

2.6, Cell lysis assay

Activity all halocin SH10 on the cells of indicator bacieria
RTSHOI was studied by monitoring the cell ysis under phnss
conlrisl microscope. Stationary phase cells of mdicaler stram
Haloribrwm sp. BTSHO3 was mixed with halecin SH1D
(1024 ALT/ml) on o microtitre plate and incubatod For difforent
it intervals. Samples were drawn at regular intervals and ob-
served under the microscope. Images wers captursd and pre=
sented a5 photomicropraphs.

2.7, hprineizaiion of mediven ad process vaviabies for halocin

Vi

Vamous constituents of the sdedted mediom and process
parnmesers that influence halocin prodection by BTSHID
was oplmized by adopling “one faclor al o Lme” appooach.
Strategy adoptad for the optimization was to evaluate the ef-
Tewt of each varible for is aptimum level Tor maximad haloon
production, and incorporate the same variahle at it optimized
kevel in the subssquent experiment while svalualing the next
varable. The varabbes studied ineloded the lollowing in the
sequential arder: incobation femperature (247 *C), pH (-
13}, MaCl convenlration {(0.5—4 M), cerbon sources al 0.1 M
copcentrations {dextrin, galactose, fructose, lactoss, sucrose,
sorbitol, xyloss, maltese and glyoerol), nitrogen source at
1% {w/v) conceniration (peplones, weast extracl, mall exiract
soybean meal, tryptone, casein, uren and heef extract) and dJil
feremt morganic salts at 0.1 M copomiration (@mmoniom ni=
trate, sodium fluorate, sodium silicate, potassium chloride,
mapnesium chloride, calciom chloride, sodivm bicarbonate,
potassiom bromide and strontiuem cldorde), agiaton (S
250 rpm), and incubation time (0-]£4 k), Preparation of inoe=
wlumn, mocelation zmd culiere condions wene sume as mens
tiened earkier unless otherwise mentioned

3. Besulis and discussivn
2. Ieniificarion of halaphiles

The halophilic baclerial struin BTSHIO that showed sirong
halocn aetivity from amoeng the Bolates obtained as halophiles
from the saltern pond was selected for further studies, Stroin
BTSHUZ which showed sensiivity againsl halocin SHI10 was
considered as the indicator organism for determining halecin
setivity during the course of the studiss. Based on the mombo=
Togical, blochemical, physiological characteratics, and molecus
lar 168 riboiyping (daia not shown) the halocin producing
stramn BTSH 10 and the mdieatos stram BTSHI were identbed
as Narrimewia sp. BTSHI0 and Halorsbeaw sp. BTSHOI,
respeclively. The nucleoinle ssquences oblwned for the 168
TDMA of the selected bacterial sirains were submitted to NCB1
and the allotied ncoession mambers are JN22EM2 and
JFEM242, for Natrinema sp. BTSHID and Halorutrum sp
BTSHOA, respactively, The genus '-arrwm was nrnmwd by
MeGenity et al., 1998} 10 a
(formerly Holobacrerium salinarum NCNB ‘%T“l and
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Netrimema  palfidum  (Tormerly  Holebacteriom  hoalobinm
NCIME 777T). In a phylogenetic tree based on 168 rRNA
gene saquences, Notrinesa species formed an indegendean
cluster with respect 10 Halobacrorium spocies, Notrisemy
species could be cullured at low sall concenlrations, and
posseased  specific protein profile and polar lpid composi-
tion, Subsequently, a novel species of this genus, Narrinem
versiforme, Waa deseribed (Xin e al, 2000). From the resalts
{data not shown) cbtained for the standardization of
optimal cultivatien media for halocin production, il was
observed that Zobell's mediom supported enhaneed growth
unad hulocin prodection compered Lo other media evaluated
and hence the same was gelected for further caltivation of
the halophiles, Further the halocin was named a3 halosin
SHI0 since it was prodocod by Natrisema sp. BTSH10

The resulis presented as photomicrographs in Fig, |
showing the activily of halocin SHI0 an the medicalor sirain
Halorubrim sp. BTSHO3 clearly evidence cell lyals, Initially
Hatorubeurn sp. did not show any chunge on exposure o holos
cim SHIO [}'i; la). However, aller 3 hothe cells showed shrnks
age and were found as 2 floc forming small islands/oolonies
(Fig. b} Aller £h the cells were found 1o appear bulged
and showed signs of Iysis (Fig 1) On further incubation for
I2h complete lysis of the cells mesulting in coll debris
(Fig. Ld) was oheerved. These observations pot only confirmed
the antibactzrial activity of halocin SH10 agains: other holo=
philes but also suggest cell lyiis as the possible mechanisn of
aciton of halocin SH10, Exposure of sensitive cells 1o HalHo
was reperisl to cuuse increase mo the intracellular volume
and cellular swelling followed by Iysis, suggesting that HalHe
may pct ai the level of the osll membrane {Torrehlanca et ol |
L98Y). The present ohservations on morphological changes of
sensitive oolls upon exposurs o halocin and swelling of the
cells and cell bysis corroharate well with thase observtions res
ported in previous studies on halocns Sechia. 114, He, and
8, (Meseguer ard Rodriguer, 1985 Torreblanca et al,
[9ES; Li el al., 2003).

Figare 1

3.2 Oprimuzgion of media and process wariahiss

3.2, Effect of incubation temperature, pli and NaCl
concenirarion of halicin arodietion
From the nesults docomented in Fig. 2 it was inferred that
42°C was the opiimum temperature for maximuam halocin
peoduction (1024 ALY, Nevertheless apprecinble levels of halo=
G petivities could be recorded at other lemperatiures. Halocin
production at high levels observed ai 42 °C, and relatively at
lesser levels al lower and at slighily higher temperatumes
(47 °C) indicated that the halocin gene expression might he
either temperature depandent or specific temperature of the
coltivation medium mightl act a3 an antaponis (sieess) o the
ofganism thal induces this gene sxpression (Choistine =t al.,
2008, Mirko el al, 2012} Haloanchavon SechTa was neporied
1¢ be thermeyphilic in characser with optimal growsh oecwrring
al 45 °C, although the lemperalure in ils nalive solar sallem
cryetallimes rarely excoeds 32 “C (Pasié ef al, 2005), Consistent
with the physicochemical praperties of a crysiallizer, the opti=
imeal prowih of haloarchacon SechTa was obscrvad 0 pH 8, yel
the halocin production reached maximam at peuiral pH (Pak
e il., 2008}, Resulls preseatad in Fig. 3 show thal the halobsos
tegin eoubd produce halocin in media with & pH varying be-
tween pH 4 and pH 10 although maximuem  halocn
produstion was recorded al pH B0 {1024 ALY, However, the
bacterin did not prodece halocin ander acidic conditions.
Results presented in Fig 4 indicale that Natrinemoe sp.
BTSHIO required 3 M NaCl as optimem eopcentration for
maximum (1024 AU production of halocin although NalCl
coneeniration ranging from 15104 M in the mediuom supgored
enbinnesd prestuction of halocin, 11 was alse noted that 2 min
e aff 1.5 M NalCl was requared for grawth, and lesser concens
trations did oot even support sarvival of the bacterium. These
ohservations testified the halophilic nature of the isolated hactes
riumand the impact of higher conceatrations of sodium ehloside
for halogin activity, The halocin of haloaschreon SechTa was

Photomicrographs showing activity ©f halocin SHI0 on méicator strain falorubrum sp. BTSH0D {2} Normal cells of

Halorshrum ap BISHO3 soom after (0 b} halocn SH10 tresmens (b Shrinked colls fomning islaods after 3 b of iresunesi {c) Bulged oolls
nfter &b of treatment (d) Completely lysad cells after 12h of treazment,
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Figure 2 EMiol of dillgrent mcubalbon lemperatures on haloan
praduction by Nairisems sp. BTSHIO in Zobells medium at pH
T, 3 M MaCl, 150 rpm, 2% (¥/V} inoculem concenlralion and
i b of ineubstion,
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Figure 3 Elfect of different pH on halocin production by
MNasrineea sp. BTSHIO in Zobells medium al 42 °C, 3 M NaCl,
18, 3% (V/¥) incculum  conesmirstion and W6 b of
incubation.

observed ta remain active over a wide NaCl concentration range.
([(L02-5.2 M) with the highest production obsecved in high st
media coniaining 3.4 M MaCl {Pad ef al., 2008), The oheerva-
tions made with Natrinema sp. BTSH L0 was in agreement with
tlese earlier reports for otler species of laloarchason although
there were marginal differences in optimal temperatere and so=
dium chloride concentrations. It was abio aoted that sodium
chloride concentration was found to have strong influence on
the halocin activity of the halobacteria, Another specific obser=
wation made during the study was that the maximal halocin
uctivity ohserved with these three factors namely temperature,
pH ard NaCl were almost same. This obdervation could be
attributed to the fact that the control medium had 3 M NaCl
and pH of the mediam was 7.4 whech were almost identxcal with
the: optimum pH and NaCl concentrations, Hence thers wag no
mitrked enhancement in halocin activity aller oplimizution of
these three variablea, Further the resulis also indicated thar these

Halooln sty (A0 U]

! M)

Figure 4 Eledt of different coocmirations of NaCl oo halocin
prosheetion by Naerimerna sp, ETSH10 i Zobells medium ar 42 °C,
pH B0, 150 rpmm, 2% (V/¥) inoculum concentration asd %6 h of
imeuhation,

three factors are independent in exerting their influence an holo
cin production by the bacteria.

2.5 Effect af differenr carhon and mitrogen sourees and
Inergoanic solty e the medium on falecin prosuction

From the resulte presented in Fig, § it was inforred thar mas-
imual halocin production was supported by the medium supples
mented with palactose (2048 ALY followal by sorbitol,
maltose, ghiceral, ghicose, fructoss, and lactose, Whereas,
the mediom supplemented with dextrin, sucrose and xyloss
supported reduced levels of halocin production. Galsctos:
was ohserved 1o enhance halocin production in the medium
compansd Lo other carbon sourees, Resulls doswmentod in
Fig. 6 indicate that the bacteria could produce maximal halo=
cin in the presence ol beel extract {2048 AU in the medium
followed by sovbean meal, malt extract, tryplone, peptone,

Ry rRrry

woures [.180

Figure 5 Effect of different carbon sourees on balocin produc-
tian by Narringma sp. BTSHIO in Zobells medium at 42 *C, pIl
£0, 38 NaCl, 150 rpim, 3% (VY] isecalum soncentiation and
6 h of ircobation.
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Figare &  Effect of different nifrogen sources on habocin pros
duction by Narisews sp. BTSHLO in Zobells medium a1 42 °C,

pH &0, 38 NaCl, Galacioss 150 pm, 2% (¥/V) inoculsm
fan and U6 B af o i

yeast extract, casein and pelating Urea did not suppon halocin
producten. In fact it was reporied earlier that the algae
Duraiielia sp. (Avinash et al, 2001) that exist in the natural
sali pan ecosysiem provides plycered and galactese for the
halebacterea and thus the sitam recorded manimal haloeia in

te spph tion of gal under labsmatory
condilions. In a amilar faskion maximal growth rate and hokoe
cin getivity by halozrchacon SechTa was observed in media
supplemented with glycerol and yeast extract (Pa& et al,
2008). It must be noted that in solar salierns glycerol produced
by hlooms of unicellular graesn algas, Dunalislis is considered
the most important source of organic carbon for the belerotros
phic prokarvotes (Bardasid et al, 20080, Additional sals in the
medinm were found to exart influence on halocin production
by the archachacieria, Among the inorgamc salts wsed for
supplementation of the madium as additional salis calciam
chlonde (243 AL was found 1o supporl maximal baloan
productien in the medium followed by magnessium chloride,
sodium fuorate, potassium chloride, and sodinm hicarbonate
Fig. 7. Whereas aluminiom nitrate, potassivm bramide, sirona
tium chloride and sodium silicate led to n much reduced level
ol hudean production when L the bewelds noted with
Zobell's medinm in the absence of thess parficular salts, These
observations indicate that the members of archaea have a
special nutritional requirements and critieal i style in the sl
pan environment which needs 1o he investigated further to
have a beller understanding of their physsology 1o byper salme
EnVITONMmEnts.

34 Effect of apitation an kaledn prodiction

Data doecomented m Fig, # mdicate the influcace of agitation
an the rate of halosin production, Tt was found that kigher agi=
tatsom rate led (o enhanced bacteral growth and prodecton of
halecin compared o lesser agitation Tates. A maximum of
096 AL was recorded al 200 and 250 ppm although lower

IS
;7 Af":” 4
Figure 7 Effect of djﬁbn‘.-lnm::rzrm Ialocis prodic-
tion by Natsinema sp, BTSHI0 in Zohells medium at 42 °C, pH

B0, IM NaCl Golactoss beel exteact, 150rpm, 2% (VV)
inoulum concenimtion and 96 h of mcubation,
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Figure 8  Effect of different agilation rates on halocin produce
thon by Matrinema sp. BTSHID in Fobells mediom at 42 °C, pil
B0, 3 M Mall, Galsciose, beef exirsel, ealelum ehlorde, 3% (V)
V) inoculum concentration and %6 h of incubation.

apitation rates (50150 rpm) also supported eonsiderable levels
of hulocin procduction, This might be due to better mixmg of
the medium which facilisaies beiter mass trawsfer and alo does
not support the adherznce of the microbes to the sarface of the
sk, These observations strongly supgested thal asrobee cone
ditions are raquired for enhanced halocin production by the
halophilic Natrimema sp. Cererally the dissolved oxygen is
Jow o agqueows medium at higher concentrations of NaCl
ardl hence agrabic orpganisms nesd provision of adequate oxy-
pent for enhanced slectron transporl and consaquenl growth
ard hakecin produciion. Normally the agitation process facil=
tabes infusion of atmospheric iz into the growth mediom and
provides required oxygen for the bacteriom {Feng et al,, 2003,
Hay et al, 2012).
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1.3, Time course cxpermeent for haiocin producsdon

Rsults depicted in Fig. 9 very clearly indicate that Narrmema
g BTSHIO produces halocn at enhanced levels only during
the stationary phase of growth although significant levels of
balogin could be noted during late exponential phase. Maxie
mum (192 AU} production of halocin was observed at
104 b, during the statiomary phase, Nevertheless the halocin
activity in ihe medium was also noted even after 144 b, The
organiem Natrinema sp. is an extreme haloarcheon which pro=
duces hatozin SH1D The haloon production was reperiod 1o
regisier an increass when the culture entered the expomential
phase and contineed 1o increase during the course of exponene
tial phase although the maximal level was attained during the
stationary phase (Price and Shand, X0 OPConnor and
Shand, 20071 T obser ons made in the preseet stody e
cnted that in the case of Naelipssa sp. BTSHID the halocin
production = growlh associaled which gos accumulated in
tlwe oell and relessed during stationary phase. In an carlier
stuidy halocin production by haloarchaeal strain SechTo was
reported 1o be prowth dependent (Padi et al., 2008). Although
the amset of halocin activity was abserved in the earfy exponeme
tial phase ol growth, the halovin SechTa peak activity was ob=
served as the bacteria entered the statiopary phase of prowth
(Padi et al., 2008) in contrast to mest other hidoons which were
[ret detcoted when the bacteria entesed the statiosary phase of
growth (Shand et al., 1959; 0"Connar and Shand, 2002). Faon
thoer HalS8 activity was reported 1o be undetectable in cultun:
supernatonts until the caltare began the transition into statkon-
ary phase (Price and Shand, 2000; Shand et al., 19599 and later
thee activity resched a maximm within 10 b of onset and was
stuble for greater than RO h after reaching maximum valoes
(Price and Shard, 2000). The resulis observed in the present
stuidy for Miareinena sp. BTSH |0 were very similar to these ob=
served far most other haloarchaeal bacteria in lerms of halacin
synthesis during prowih in the production medium. It may be
noted that during the process of optimization of variables, cne
after another, the kalocin content chowed increase and fesched
n maxinnam under optimized culiure conditions, This ohservie
tion srongly indicated the need For aplimization of produection

Figuee ¥ ‘lime course experrment en halocm production by
Narrinermz sp. BTSHIO in Zobells medium at 37°C, pH 8, 3 M
MealCl, Galietose beed eatpact, caleum chlonde, % (V/V) inoe-
wlum concentration and 3K rpm.

midinm towards enhanced level of halocin SHI production
by Nawrineras sp. BTSHIO and the significunt role of media
comtients in inducng halocin syathesis by the bacterium,

4. Conclusion

Bassd on the results ohtained in the present study it is con=
cluded that Narrimema sp. BTSHIO, relatively & pow penus of
archachacterin that is less explored, exists a5 a native florn in
e haphly ssline salt pan of coastal aress of southern India
known for the harvest of commercial sakt wsed for human con-
sumption. This hecterium is copable of synthesizing halocin
SHI0 which has scope for probable apphication a3 preservative
apgiinat those bacteria that cause spoilage i food products,
Leather products during processing and in contral of infectious
bacteria and few other applications, Results of the present
study indicated that halocin coukd be easily producsd wnder
gubsmerged fermentation. Further stodies could reveal the
made of gene expression under the infeence of varicus nutri=
enls and inorganic salis which were found 1o induce halocin
under differential environmental conditions
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