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ABSTRACT

The study of psychrotrophic microorganisms has gained interests in recent
times because cold region serves as sources of unique microorganisms for
biotechnological applications. The present study was aimed at investigating the
diversity of culturable psychrotrophic bacteria associated with four frozen arctic soil
samples collected from different points in Svalbard Hornsund. A total of 40
psychrophilic and psychrotolerant bacteria were isolated under aerobic conditions at
20°C. The mean viable bacterial count ranged from 1.2 x 10* to 5.4 x 10° cfu/mL.
The isolates were analysed on the basis of morphological, physiological and
molecular characteristics. The results of Gram stain reactions showed that Gram
negative bacteria (n = 24) were predominant in the samples. Based on the 16S rRNA
gene sequence analysis, the isolates (n = 40) could be categorised into five genera,
comprising of Pseudomonas as the most abundant followed by Arthrobacter,
Bacillus, Flavobacterium, Sphingomonas belonging four phyla (Proteobacteria,

Actinobacteria, Firmicutes and Flavobacteria) and one unclassified Bacterium.
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ABSTRAK

Kajian terhadap mikroorganisma psikrotropik telah mendapat perhatian
baru-baru ini  kerana kawasan sejuk merupakan kawasan sumber bagi
mikroorganisma unik untuk aplikasi bioteknologi. Kajian ini bertujuan untuk
menyiasat kepelbagaian pengkulturan bakteria psikrotropik yang melibatkan empat
sampel tanah beku artik yang diambil dari beberapa tempat di Svalbard Hornsund.
SejumLah 40 psikropilic dan psikrotolerant bakteria telah diasingkan dalam keadan
aerobik pada suhu 20°C. Nilai min bagi kiraan bakteria yang tumbuh adalah dalam
anggaran antara 1.2 x 10* hingga 5.4 x 10° cfu/mL. Bakteria yang terasing telah
dianalisis berdasarkan sifat morfologi, fisiologi dan sifat molekular. Keputusan
kewarnaan Gram menunjukkan Gram negatif (n = 24) adalah yang paling utama
dalam sampel. Berdasarkan kepada analisis urutan gen 16S rRNA, bakteria terasing
(n = 40) boleh dikategorikan kepada lima genera, iaitu Pseudomonas yang paling
banyak diikuti oleh Arthrobacter, Bacillus, Flavobacterium dan Sphingomonas serta
empat phyla (Proteobacteria, Actinobacteria, Firmicutes dan Flavobacteria) dan satu

tidak dapat dikelaskan Bacterium.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Research

A large portion of the earth is characterised by low mean temperature
represented by the cold environment that include; the polar region (arctic and
antarctic), ocean, freshwater, sediments, soils, permafrost, ice, glaciers, cold deserts,
alpine soils, lakes and snow (Fendrihan and Negoitd, 2012). The arctic is one of the
coldest environment found at the north pole of the earth and covers countries like
Canada, Russia, Norway, United States, Greenland and Scandinavia with land area of
around 7.2 x 10° km? Glaciers which mostly occur in Greenland, cover
approximately 26% of the land area (Tarnocai, 2009). The terrestrial part of arctic is
a frozen soil referred to as permafrost comprising of sediment, rock, ice and large
amount of organic materials. Permafrost covers about 25% of the land surface and
remains frozen for two consecutive years. It is characterised by low mean annual
precipitation and poor vegetation (Wagner, 2008). But harbours unique

psychrotrophic microorganisms for biotechnological processes.

Microorganisms are the smallest and early forms of life capable of carrying
out various essential chemical reactions for higher organisms. Humans, plants, and
animals would never have flourished without the past microbial activities that

brought about the recycling of key nutrients and degradation of organic matter.



While some microorganisms are pathogenic, others are highly beneficial as they
produce antimicrobial agents and enzymes of industrial applications such as lipases,
amylases and cellulases. Microbial activities usually occur at low temperature and
neutral pH values. However, some microorganisms can adapt and grow under either
acidic or alkaline condition and are referred to as acidophiles and alkaliphiles

respectively (Torsvik and @vreas, 2008).

Microorganisms can be grouped into three based on their temperature
requirements for growth; those found at ambient temperature between 20°C to 45°C
are referred to as mesophiles, the heat loving microorganisms (thermophiles) survive
at a temperature between of 50°C and 70°C. While the cold-adapted microorganisms
found at a temperature range between -16°C and 40°C are referred to as
psychrophiles or psychrotrophs (Torsvik and @vreas, 2008). Psychrotrophic
organisms found in nutrient poor environment like the permafrost soils of the polar
region with little organic and inorganic nutrients are called oligotrophs (Stan-Lotter,
2012). Microbial populations from all three domains of life like prokaryotes,
eukaryotes and the archaea possess unique molecular and physiological adaptations
for survival in these hostile environment of low temperature, low nutrients
availability and continuous exposure towards solar radiation during summer (Kim et
al., 2010; Tehei et al., 2004).

Psychrotrophic microorganisms has gained interests in recent times because
they are sources of novel microbial products utilised in various industrial,
agricultural and biotechnological processes. Psychrotrophs are involved in a number
of geochemical cycles like nitrogen fixation, sulphur and carbon cycles, degradation
of natural organic compounds such as cellulose, hemi-cellulose, lignin, and chitin.
Others produce natural gas (methane) and renewable forms of energy via anaerobic
degradation of organic matter (Madigan et al., 2010). Psychrotrophs are utilized in
bioremediation of toxic wastes like polyaromatic hydrocarbons, polychlorinated
biphenyls and other xenobiotic compounds derived from anthropogenic sources. The
optimal activities at low temperature make them useful as biocatalysts for

biotransformation of  heat-labile compounds at cold temperatures and for



bioremediation of polluted soils and wastewaters at low temperatures (Yu et al.,
2009). Industrial processes at low temperature prevent energy consumption and also

reduces the effect of warming on the environment.

Psychrotrophs produces cold-active lipases, proteases, lactases and
cellulases that are useful in food processing like bakery, meat tenderization, ripening
of cheese detergents and cleaning agents. The high catalytic activities of
psychrotrophic enzymes are utilized in the food industries to minimise problems
related to spoilage and reduce energy consumption. Psychrotrophic microorganisms
also synthesizes carotenoids (antioxidants), unsaturated fatty acids and biosurfactants
that are biodegradable, non-toxic or less toxic than chemical surfactants.
Biosurfactants are used in cosmetics, soap formulations and trans-dermal drug
delivery systems. Other forms of biosurfactants like surfactin from psychrotrophic
bacteria have been used in pharmacological applications like inhibition of hemolysis
(Pruthi and Cameotra, 1997). Different types of these psychrotrophic
microorganisms have been isolated from various permanently cold environment

including the arctic regions.

1.2 Problem Statement

One of the major environmental problems the world is facing today is global
warming and increasing atmospheric levels of greenhouse gases (GHGs) (Saini et al.,
2011) from human activities (Ajam et al., 2012; Damien et al., 2013).

The arctic region with long term repositories of unique psychrotrophic
microorganisms of biotechnological are affected by the current increase in
atmospheric temperature. Heat emission from industrial processes and anthropogenic

burning of fossil fuel causes warming of the arctic region thereby accelerating the
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release of more greenhouse gasses to the atmosphere from microbial degradation of

soil organic carbon.

Rapid climate change in the Arctic has begun to affect the abundance,
diversity and ecology of microbial species throughout the region (Ajam et al., 2012;
Damien et al., 2013). These necessitate the need for studying psychrotrophic bacteria
and the utilisation of their cold-active compounds in industrial processes in order to

save energy and reduce global warming.

1.3 Objectives of Study

o To isolate culturable psychrotrophic bacteria from arctic soil samples
o To identify the isolates according to 16S rRNA gene sequencing analysis

o To study the diversity of the identified bacteria

1.4 Scope of the Research

Psychrotrophic bacteria associated with arctic soil samples were isolated
using antarctic bacterial growth medium at a temperature of 20°C and then sub-
cultured until pure bacterial cultures were obtained. The 16S rRNA gene sequence
analysis was carried out to identify the isolates. The bacterial abundance and

bacterial diversity in the soil samples was also analysed.



1.5  Significance of the Research

Studies of microbial community in arctic soils will provide significant
contribution to the existing knowledge on the diversity and potential of
microorganisms in cold environment. They may serve as model systems for
exploring microbial abundance, functions and potentials that may be of great value
for applications in environmental clean-up, pollution prevention, or energy saving
processes. These microorganisms may also provide enzymes with special properties
for biotechnological applications in the temperate zone (Chu et al., 2010). For
example, lactase enzyme from psychrotrophic bacteria catalyses the conversion of
lactose in milk to glucose and galactose at low temperature without the need for

heating that denatures protein and changes the flavour of milk.

The knowledge of biodiversity is important towards preserving the integrity,

function and long-term sustainability of natural and managed terrestrial ecosystems.
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