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ABSTRACT 
 

  
Antimicrobial resistance (AMR) is a serious health problem worldwide. The 
escalating prevalence of AMR is driving the need for new antimicrobial drugs. 

Exploration of extreme environments such as Antarctica may give us hope to 
discover promising drug candidates. This study aimed to discover Antarctic spore-
forming soil microorganisms that produce novel antimicrobial compounds. The 
microbial isolation was carried out using a combination of low- and high-nutrient 

isolation agar media. A total of 90 strains were isolated from two soil samples, 
which were further clustered into 19 groups at a similarity of 60% using random 
amplified polymorphic DNA fingerprinting (RAPD) fingerprinting technique. 

Antimicrobial activities of the isolates were tested against 13 Gram-positive and -
negative bacteria, and strain Im33 was chosen for further characterization due to 
its capability to inhibit all bacteria. It was described on the basis of morphological, 

physiological and molecular phylogenetic analyses, as well as carbon utilization and 
antimicrobial capabilities, along with strains E22 and INACH3013. They were 
identified as Talaromyces, Penicillium and Streptomyces spp. respectively based on 

16S rDNA, 18S rDNA or internal transcribed spacer (ITS) sequences. The strains 
were capable of producing enzymes to degrade a wide variety of carbon sources, 
suggesting that they might play a role in the nutrient cycling of Antarctic terrestrial 

ecosystem in order to obtain nutrients for survival and growth. Both strains Im33 
and E22 showed high levels of resistance to cycloheximide, which could probably 
be a defence mechanism that confers them a competitive advantage over 

cycloheximide-sensitive species in a nutrient scarce environment. Strain INACH3013 
might have a narrow spectrum β-lactamase or a different mechanism of resistance, 
given that it was susceptible to ampicillin but not to other β-lactam antibiotics. The 

inhibitory effect of strains Im33, E22 and INACH3013 against multiple Gram-
positive and Gram-negative bacteria indicated that they produce broad-spectrum 
antimicrobial compounds. The antimicrobial compounds synthesized by strain Im33 

were pH-stable, thermostable, non-polar and non-toxic, which might be good 
candidates for drug development. The estimated genome size of strain INACH3013 
is 9,357,559 bp with 70.5% G+C content. A total of 8,551 coding sequences (CDSs) 

in 432 subsystems were annotated by the Rapid Annotation using Subsystems 
Technology (RAST) server. The secondary metabolite biosynthetic potential of 
strain INACH3013 was assessed using the antibiotics and Secondary Metabolites 

Analysis SHell (antiSMASH). Thirty-two biosynthetic gene clusters (BGCs) were 
predicted to be involved in the production of 1 bacteriocin-terpene hybrid, 2 
bacteriocins, 8 NRPSs, 2 T1PKSs, 1 T2PKS, 1 T3PKS, 1 ectoine, 1 lantipeptide, 1 
lassopeptide, 2 melanins, 2 siderophores, 2 terpenes, 1 T1PKS-NRPS hybrid, 1 

bacteriocin-T1PKS hybrid, 1 T1PKS-butyrolactone hybrid, 1 T2PKS-T1PKS hybrid, 1 
lantipeptide-terpene hybrid and 3 secondary metabolite-related proteins that did 
not fit into any category. Fifteen clusters that displayed low similarities (<40%) to 

known BGCs in other strains are most probably species specific and might encode 
metabolites with previously unreported novel chemical structures and biological 
activities. Eight clusters that showed no relatedness to any known BGCs might 

synthesize potentially unknown natural products, or their compounds could only be 
partially predicted from the genes’ organization. These preliminary findings support 
that Antarctic spore-forming microorganisms are a great source of novel bioactive 

metabolites with biotechnological and pharmaceutical potentials. 
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ABSTRAK 
 

Pemencilan dan Pencirian Actinobacteria, Bakteria dan Fungi 
Antartika dengan Aktiviti Antimikrob 

 
Rintangan antimikrob (AMR) adalah satu masalah kesihatan yang serius di seluruh 
dunia. Peningkatan kelaziman AMR mendorong keperluan untuk ubat antimikrob 
baru. Penerokaan persekitaran yang melampau seperti Antartika mungkin memberi 
kita harapan untuk menemui calon-calon yang menjanjikan. Kajian ini bertujuan 
untuk menemui mikroorganisma tanah pembentuk spora Antartika yang 
menghasilkan sebatian antimikrob baru. Pemencilan mikroorganisma telah 
dijalankan dengan menggunakan  gabungan media pengasingan nutrien rendah 
dan nutrien tinggi. Sebanyak 90 pencilan telah dipencilkan daripada dua sampel 
tanah, dan seterusnya dikelompokkan kepada 19 kumpulan berdasarkan 60% 
persamaan dengan menggunakan teknik amplifikasi rawak DNA polimorfik (RAPD). 
Aktiviti antimikrob pencilan telah diuji terhadap 13 bakteria Gram-positif dan Gram-
negatif, dan strain Im33 dipilih untuk pencirian selanjutnya disebabkan 
kemampuannya untuk menghalang semua bakteria. Ia digambarkan berdasarkan 
analisis morfologi, fisiologi dan filogenetik molekul, serta penggunaan karbon dan 
keupayaan antimikrob, bersama dengan strain-strain E22 dan INACH3013. Mereka 
dikenali sebagai Talaromyces, Penicillium dan Streptomyces spp. masing-masing 
berdasarkan jujukan 16S rDNA, 18S rDNA atau kawasan penjarak dalaman (ITS). 
Strain-strain mampu menghasilkan enzim untuk memecahkan pelbagai sumber 
karbon, menunjukkan bahawa mereka mungkin memainkan peranan dalam 
pengitaran nutrien ekosistem terestrial Antartika untuk mendapatkan nutrien untuk 
kelangsungan hidup dan pertumbuhan. Kedua-dua strain Im33 dan E22 
menunjukkan tahap rintangan yang tinggi terhadap sikloheximide, yang mungkin 
merupakan satu mekanisme pertahanan yang memberikan mereka kelebihan daya 
saing terhadap spesies sensitif sikloheximide dalam persekitaran kurang nutrien. 
Strain INACH3013 mungkin mempunyai spektrum sempit β-laktamase atau 
mekanisme rintangan yang berbeza, memandangkan ia sensitif kepada ampicillin 
tetapi tidak kepada antibiotik β-laktam yang lain. Kesan halangan kuat strain-strain 
Im33, E22 dan INACH3013 terhadap pelbagai bakteria Gram-positif dan Gram-
negatif menunjukkan bahawa mereka menghasilkan sebatian antimikrob yang 
berspektrum luas. Sebatian antimikrob yang disintesis oleh strain Im33 adalah pH 
stabil, termostabil, tidak berkutub dan tidak toksik, yang mungkin merupakan 
calon-calon yang baik untuk pembangunan ubat. Anggaran saiz genom strain 
INACH3013 adalah 9,357,559 bp dengan 70.5% kandungan G+C. Sebanyak 8,551 
jujukan kod (CDSs) dalam 432 subsistem telah dianotasi oleh pelayan Rapid 
Annotation using Subsystems Technology (RAST). Potensi biosintetik metabolit 
sekunder strain INACH3013 telah dinilai dengan menggunakan antibiotics and 
Secondary Metabolites Analysis SHell (antiSMASH). Tiga puluh dua kelompok gen 
biosintetik (BGC) dijangka terlibat dalam penghasilan 1 hibrid bakteriosin-terpen, 2 
bakteriosin, 8 NRPS, 2 T1PKS, 1 T2PKS, 1 T3PKS, 1 ectoine, 1 lantipeptide, 1 
lassopeptide, 2 melanin, 2 siderofor, 2 terpen, 1 hibrid T1PKS-NRPS, 1 hibrid 
bakteriosin-T1PKS, 1 hibrid T1PKS-butirolakton, 1 hibrid T2PKS-T1PKS, 1 hibrid 
lantipeptide-terpen dan 3 protein berkaitan dengan metabolit sekunder yang tidak 
dapat dimasukkan dalam sebarang kategori. Lima belas kelompok yang 
memperlihatkan persamaan rendah (<40%) kepada BGC yang diketahui dalam 
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strain-strain lain kemungkinan besarnya adalah spesies spesifik dan mungkin 
mengekod metabolit yang mempunyai struktur kimia dan aktiviti biologi baru yang 
belum pernah dilaporkan. Lapan kelompok yang tidak menunjukkan 
kesalinghubungan kepada mana-mana BGC yang diketahui mungkin mensintesis 
produk semula jadi yang berpotensi tidak diketahui, atau sebatiannya hanya dapat 
diramal sebahagiannya daripada organisasi gen. Penemuan awal ini menyokong 
bahawa mikroorganisma pembentuk spora Antartika merupakan satu sumber 
metabolit bioaktif baru yang hebat dengan potensi bioteknologi dan farmaseutikal. 
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inositol, (j) xylose and (k) arabinose and (l) no carbon 

source. 
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Figure 6.7: Antimicrobial activities of 4-day and 14-day old strain E22 

cultures against (a) S. equorum and (b) S. Typhimurium. 
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Figure 7.1: A flow chart of the methodology of Chapter 7. 108 

Figure 7.2: Colony morphology of strain INACH3013 grown in different 

agar media. 
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Figure 7.3: Spore morphology of strain INACH3013 observed under 

SEM. 
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Figure 7.4: Phylogenetic tree of 16S rDNA sequences inferred by ML 

method (using an alignment of 1124 positions including 

Gaps). E. coli ATCC 11775T was used as the outgroup. 

Numbers at nodes represent levels of bootstrap support 

(%) based on a ML analysis of 1000 resampled datasets. 
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Figure 7.5: Growth of strain INACH3013 on basal agar media 

supplemented with (a) glucose, (b) mannose, (c) xylose, 

(d) mannitol, (e) galactose, (f) fructose, (g) arabinose, 

(h) inositol, (i) raffinose, (j) sorbitol, (k) sucrose and (l) 

no carbon source. 
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Figure 7.6: Antimicrobial activities of cell-free culture supernatant of 

strain INACH3013 against (a) E. faecalis and (b) B. cereus 

K3. 
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Figure 7.7: Sensitivity of strain INACH3013 to (a) cefotaxime and 

metronidazole, (b) chloramphenicol and tetracycline, (c) 

ciprofloxacin and ampicillin, (d) clarithromycin and 

cefpodoxime, (e) clindamycin and nitrofurantoin, (f) 

erythromycin and rifampicin, (g) gentamicin and 

mupirocin, (h) imipenem and cephalothin, (i) lincomycin 

and spectinomycin, (j) nalidixic acid and cefixime, (k) 

novobiocin and cefpirome, (l) streptomycin and 

carbenicillin, (m) trimethoprim and sulphonamides 

Compound, and (n) Vancomycin and Ceftazidime. 
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Figure 7.8: Subsystem distribution of strain INACH3013 based on RAST 

annotation server. 
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Figure 7.9: Number of genes involved in each subcategory of 

carbohydrates. 
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Figure 7.10: Number of genes involved in each subcategory of 

virulence, disease and defense. 
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Figure 7.11: Number of genes involved in each subcategory of stress 

response. 
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Figure 7.12: Number of genes involved in each subcategory of 

secondary metabolism.  
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Figure 7.13: Analysis and schematic representation of gene cluster 27. 128 

Figure 7.14: Analysis and schematic representation of gene cluster 12. 128 

Figure 7.15: Analysis and schematic representation of gene cluster 24. 129 

Figure 7.16: Analysis and schematic representation of gene cluster 28. 130 

Figure 7.17: Analysis and schematic representation of gene cluster 16. 131 

Figure 7.18: Analysis and schematic representation of gene cluster 5. 132 

Figure 7.19: Analysis and schematic representation of gene cluster 22. 132 

Figure 7.20: Analysis and schematic representation of gene cluster 1. 132 

Figure 7.21: Analysis and schematic representation of gene cluster 26. 133 
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