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ABSTRACT 

Antarctica's drift towards South Pole 38 million years ago had allowed microorganisms 

to adapt to extreme conditions and thus, offer a unique diversity. The objective of this 

study is to isolate bacteria from soil samples obtained from Schirmacher Oasis, identify 

selected microorganisms by sequencing their 16S rONA, and determine the relationship 

between these microbes by carrying out phylogenetic analysis. Bacteria were isolated by 

incubation of samples L43, L45, U5, West 2 and West 5 in MRS, Marine, Luria-Bertani, 

Streptomycetes and Antarctica Bacteria media. 77 six pure isolates were obtained and 

observed for their colony and cell characteristics. 45 of the isolates were Gram positive 

and 33 were Gram negative. Among 24 selected isolates, nine bacterial strains were 

psychrotolerant, 14 bacterial strains were mesophilic and one was undistinguished. RAPD 

analysis revealed that 23 out of the 24 strains were different. Ten isolates (C2, C4, HI, 

H3, H4, 11, 12, L8, L9 and N3) were identified based on their I6S rONA sequences. The 

I6S rONA genes were partially sequenced and the resulting sequence was analyzed using 

BLAST. Results revealed that C2 was from Micrococcus gen.; C4 from Arthrobacter 

gen.; HI and 11 from Rhodococcu ge.; H3 and H4 from Ralstonia gen.; J2 linked to 

Cohnella gen.; L8 from Streptomyces gen.;, L9 from Microbacterium gen;, and N3 from 

Bradyrhizobium gen. Phylogenetic analysis using ClustalW software indicated that these 

isolates can be classified into three groups: the first group consists of isolates C2, L8 and 

L9; the second group consists of isolates C4, 12, N3, H3 and H4; and the third group 

consists of isolates HI and 11. 
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ABSTRAK 

Antartika yang telah mengalami hanyutan benua ke arah kutub Selatan 38 juta tahun lalu 

telah menyebabkan sesetengah mikroorganisma menyesuaikan din dalam keadaan 

lampau ini dan melahirkan suatu diversiti mikroorganisma yang unik. Matlamat kajian ini 

adalah untuk mengasingkan bakteria dari sampel tanah yang dikumpul dari Oasis 

Schirmacher, Antartika; mengenalpasti mikroorganisma tertentu dengan menjujukkan 

16S rDNAnya, dan mengenalpasti hubungan antara mikroorganisma tertentu melalui 

analisis filogeni. Bakteria telah diasingkan melalui pengeraman sampel-sampel L43, L45, 

U5, West 2 dan West 5 atas media Luria-Bertani, Streptomycetes, Marin, MRS dan 

Bakteria Antartika. 77 asingan bakteria telah berjaya diperolehi dan sifat-sifat koloni dan 

sel dikaji. 45 asingan adalah Gram positif dan 33 adalah Gram negatif. Dalam 24 

bakteria, sembilan bakteria adalah psychrotolerant, 14 adalah mesofilik dan satu tidak 

dapat diketahui. Analysis RAPD telah menunjukkan bahawa 23 daripada 24 bakteria ini 

adalah berlainan. SepuIuh asingan (C2, C4, HI, H3, H4, 11, 12, L8, L9 dan N3) 

dikenalpasti melalui jujukan gen 16S rDNAnya. Sebahagian gen ini telah dijujukkan dan 

analysis dijalankan dengan menggunakan 'basic local alignment search tool' (BLAST). 

Keputusan menunjukkan bahawa C2 berasal dari genus Micrococcus; C4 berasal dari 

genus Arthrobacter; HI dan J 1 berasal dan genus Rhodococcus; H3 dan H4 berasal dari 

genus Ralstonia; J2 dikaitkan dengan genus Cohnella; L8 berasal dari genus 

Streptomyces; L9 berasal dari genus Microbacterium dan N3 berasal dari genus 

Bradyrhizobium. Analisis fologeni menggunakan program ClustalW mernnunjukkan 

bahawa asingan into boleh diklasifikasikan kepada tiga kumpulan: kumpulan pertama 

terdiri daripada asingan C2, L8 and L9; kumpulan kedua terdiri daripada asingan C4, J2, 

N3, H3 and H4; dan kumpulan ketiga terdiri daripada asingan HI and 11. 
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CHAPTER! 

INTRODUCTION 

Microorganisms (or microbes) are organisms that are microscopic and too small to be 

seen by the naked eye. These organisms can exist as single cells or cell clusters. 

Generally, microorganisms are able to carry out life processes of growth, energy 

generation, and independent reproduction. 

Life on Earth depends much on microorganisms. In the absence of 

microorganisms, higher life forms would never have arisen and sustained. In fact, the 

lives of humans, plants and animals have now been intimately tied to microbial 

activities (Madigan et aI. , 2003). The microbes ensures an adequate supple of 

nutrients to higher forms of life by playing a major role in recycling of nutrients. 

Thus, the microbes are responsible for degrading organic matters. 

Understanding of microbes is important because they could act as disease 

agents, neutral agents, or even useful agents to man. As a disease agent, they could 

cause disease to humans and other animals (Madigan et ai. , 2003). On the other hand, 

understanding of useful microbes could lead to the discovery of useful compounds 

such as antimicrobial agents and enzymes. In fact, it was even concluded that 
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Antarctic soils represent an untapped reservoir of novel, cold-active antimicrobial 

producers (O'Brien et ai, 2004). 

The Antarctica land covers an area of 14 million km2
. This continent's 

temperatures are usually below O°C throughout the year; with the lowest temperature 

recorded at -89.6°C (Phillpot, 1985). At such temperatures, water has already formed 

ice and thus, very little free water is available in the Antarctica. Thus, the temperature 

conditions and the unavailability of free water results in an extreme condition for 

survival. 

However, Antarctica has a few small lakes which are free of snow and ice 

during summer. At this period, microorganisms would abort from hibernation and 

resume their life cycle by growing, mating and reproducing. Life in Antarctic is 

restricted to a small range of animals such as penguins, seals, blue whales and other 

small sized creatures such as microscopic mites, lice, and nematodes. Although only a 

small number of animals live in Antarctic as compared to other continents, these 

animals are able to contribute a significant amount of organic matters to the soil. As 

the soil collects depositions from organisms and receives inputs from animals and 

ocean life, these organic materials supports the lives of microorganisms (Walker, 

2005). Summer stays for about six months and after this period, microorganisms 

would start hibernating again when winter comes and the lake freezes. 

Microbial populations live in locations in an environment called habitat. In 

different habitats, the microbial diversity varies. On Earth, there are vast numbers of 
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habitats which shows a great variety of conditions. These differences include 

temperature, humidity, salinity, acidity and light intensity. 

The environment in Antarctica is extremely cold with high moisture, rough 

winds, high ultraviolet radiation, occasional blizzards and continuous dark and light 

periods (Margesin & Schinner, 1999). Here, the microbial community have to adapt to 

these environments and thus, could be different from those found at tropical countries. 

Only microbes which can withstand these extreme conditions are able to survive. 

Therefore, it is possible to discover microbes with special properties to survive in such 

extreme environment, in which these microbes might be rare in the tropics. 

The Antarctic microbial diversity is special because the continent has been 

separated from other continents for about 38 million years. Throughout these years, 

evolution of microbes occurred in other parts of the world but much slower in the 

Antarctic due to its cold weather. Hence, this may provide us with microbes that are 

different from other parts of the world. Additionally, these organisms are important 

because they act as an important tool for us to understand the history of earth, and 

their adaptation to the cold environment may provide us with useful genes in 

biotechnology applications. 

The aims of this study are: (1) To isolate bacteria and fungi from samples 

obtained from the Schirmacher Oasis, Antarctica. (2) To identify microorganisms of 

interest by sequencing their 16S rDNA. (3) To determine the relationship between 

microorganisms of interest by carrying out phylogenetic analysis. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Antarctica 

The 14 million km2 landmass of Antarctica is an extreme condition for survival. The 

continental temperatures are usually below O°C throughout the year; with the lowest 

temperature recorded at -89.6°C (Phillpot, 1985). With such temperatures, the permanent 

ice sheets are formed and this leaves very little free water for survival. Antarctica has a 

few small, ice-covered lakes which are free of snow and ice during summer. Soil from 

these lakes may contain depositions from organisms that may have existed in the lakes 

during summer. The marine soils, too, are free of ice during summer receive inputs from 

animals and ocean life (Walker, 2005). 

Life in Antarctic is restricted to a small range of animals. Marine life in Antarctic 

includes penguins, seals and blue whales (Cox, 1974). The land fauna consists of small 

sized creatures such as microscopic mites, lice, and nematodes. These lives contribute a 

significant quantity of organic material to soils (Walker, 2005). Such content of nutrient 

in soils allows microbial growth although it is limited only to those who can withstand the 
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extreme environment. Microorganisms not only face an extreme cold environment, but 

also osmotic stress. Salinity controls the density of cold seawater (Neshyba, 1987). When 

ice forms, most of the salt is excluded from the crystal lattice. As a result, the salinity and 

density of the remaining waters. Seawater near Antarctic has the highest density in the 

world and thus, microorganisms have to be able to withstand this condition too (Kennett, 

1982). 

Antarctic has a long geologic history. For 552 million years, Antarctic has been 

part of Gondwana land. The isolation and cooling of Antarctica began about 38 million 

years ago (Hawkesworth et al., 1999). According to the plate tectonics theory, continental 

drift and seafloor spreading has caused the isolation of continents. Initially Antarctic 

waters were from 15°C to 20°C. As the Antarctic continent drift towards the South Pole, 

the water temperatures fell from 15°C to O°C. As a result, there is an extensive and thick 

ice regime within Antarctica between 37 and five million years ago (Webb, 1990). 
< -:;:, 

Before Antarctica developed its permanent ice caps some 14 million years ago, 

the Antarctic waters were from 15°C to 20°C (Webb & Harwood, 1987). During this 

period, microbes may have existed in this continental crust. As the Antarctic continent 

drifts towards the South Pole, the microbes face a reduction in temperature throughout the 

years. At the same time, the Antarctica environment which is extremely cold with high 

moisture, occasional blizzards, high ultraviolet radiation and continuous dark and light 

periods offers a bigger challenge for survival (Margesin & Schinner, 1999). As the 

microbes adapt to the cold climate, the descendants of the microbes may have live in 
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subglacial rock crevices, lakes, and sediments and perhaps even in the glacial ice itself 

(Price, 2000). By the time the ice sheets were permanent, the microbial life may have 

been limited to only the summer period where free water is available. When winter 

arrives, the microbes may hibernate or produce antifreeze compounds to obtain free 

water. The antifreeze is mainly secreted outside the cell to protect the cell against possible 

damages caused by freezing of environmental water (Sun et al., 1995). 

Microbes only reproduce in the summer when the temperature is slightly higher 

and free water is available (Ratkowsky et at., 1983). Therefore, the growth period of these 

microbes are very short as compared to those in temperate regions where microbes grow 

throughout the year. As a result, evolution which occurs in the Antarctic is far less than 

those in temperate regions. Therefore, the Antarctic microbes are important because they 

can show us the microbes which have lived also in temperate regions millions of years 

ago before they undergo much evolution to form the microbes we have today in temperate 

regions. As a result, the Antarctic microbes act as an important tool for us to understand 

the history of earth (Miller et at., 2004). 

Up to this day, very little is known about psychrophilic bacteria as they have very 

unique adaptations to the polar regions (Deming, 2002). In fact, it is not even certain yet 

whether life on earth originate in a hot or cold environment. Antarctic could provide us 

with answers to these questions. Scientists have found that this land could provide us with 

much information on the paleoclimate and also the environmental history of earth. In fact, 

we could now study atmospheric science, depletion of ozone, and adaptation of organisms 
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to extreme environment by studying the remote and extreme conditions of Antarctic. 

Thus, Antarctica is now an important key in understanding of global and environmental 

concerns (Miller et a/., 2004). 

Schirmacher Oasis (700 46'04"-700 44'21"S; 11°49'54"- 11 0 26'03"E) is located 

approximately 70 km south of Princes Astrid coast (Singh et aI., 2006). It consists of a 

number of rocky hills and valleys, where its elevation varies from zero to 236 meters 

above sea level. The oasis is three km wide and 20 km long. The area has three types of 

lakes: proglaciaJ Lake, land-locked lake and epi-shelf lake (Singh et ai., 2006). The 

average annual temperature is around -I ooe with a mean wind velocity of about 10 ms- I
. 

According to rndia Meteorological Department (IMD), the highest temperature of the 

year was 9.2°C during the polar summer on 30-31 December 2003, and the lowest 

temperature of the year was -33°C during polar winter on 24 July 2003. When summer 

arrives, the polar ice melts and water often flows into the lakes. Earlier studies had 

suggested that life at Schirmacher Oasis is dominated by lichens, mosses and algae 

(pandey et al., 1995). Schirmacher Oasis is an interesting place for many scientists 

especially in the study of bacterial populations, yeast and fungi (Shivaji et a/., 1987). 

There are two stations located at the Schirmacher Oasis - the Maitri Station, built 

by the Indians in 1988 (Photo 2.1) and Novolazarevskaya Research Station, managed by 

the Russians. Samples for this project have been obtained near the Maitri Station. The 

infrastructure available at the Maitri station has allowed scientists to conduct research in 
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