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EXECUTIVE SUMMARY 

Cyanobacterial secondary metabolites, often identified as toxins such as microcystin, 

have also demonstrated biological functions including inhibition of bacterial and viral 

growth. In this study, 10 cyanobacterial strains were isolated from field sites around 

Adelaide and laboratory cultures and assessed for bioactivity against bacterial, viral 

and fungal pathogens. A comprehensive literature search identified a number of 

screening assays employed by research groups to identify cyanobacterial strains with 

biological activity. Within the review, methods to optimise extraction of the 

compounds were also noted. Combinations of extraction methods, solvents and assay 

procedures were investigated to optimise the success of this phase of the study. 

Bioactivity was confirmed by development of agar disc diffusion and microtitre plate 

assays to analyse cyanobacterial biomass extracts. Result of the assays indicated a 

methanolic extract of one species, Microcystis flos-aquae (Wittr Elenkin), inhibited 

growth of bacterial cells and viral infectivity and was selected for further analysis.  

The bioactive compound was isolated by HPLC and mass spectrometric analysis. 

Separation of the bioactive extract into component peaks indicated only one that was 

likely to represent the metabolite of interest, at a retention time of approximately 18 

min. A second profile was constructed of a methanolic extract of the same species in a 

later growth stage that did not inhibit growth of either the bacterial or viral test 

organisms. Comparison of the profiles exposed the absence of the peak at 18 min 

retention time in the second profile. Accumulation of the fraction was conducted 

using a semi-preparative HPLC column for analysis by mass spectrometry.  

A sample of the isolated peptide was submitted to Proteomics International, a 

subsidiary of Murdoch University, WA, for identification and structural 

characterisation. Proteomics International analysed the data by electronspray 

ionisation time of flight mass spectrometry (LC/MS/TOF) followed by LC. De novo 

sequence analysis of the data was carried out using Analyst QS software; however, PI 

was unable to provide a readily interpretable, continuous amino acid sequence, 

despite their admission that some gaps in the fragmentation ladder corresponded to 

known amino acids. Interpretation of the data generated by Proteomics International 

by a research chemist within the University of Adelaide proposed the following amino 

acid sequence and subsequent structure for the compound:  
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(a) 

 

(b) 

Proposed (a) amino acid sequence and (b) structure for the bioactive compound isolated from 

non-toxic M. flos-aquae. 

Comparison of the proposed sequence with those contained in peptide databases was 

unable to classify the compound (B Neilan, personal communication, April 2008), 

suggesting the bioactive metabolite is perhaps previously undetected and therefore 

may be considered a novel compound, or has undergone a modification and is thus a 

variant of a known compound.  

Taxonomic classification of the strain used during this study was completed by PCR 

amplification of 16S ribosomal RNA, using primers from alternative cyanobacterial 

sources. The sequence was classified in the following taxonomic hierarchy (with 

100% assignment detail, for a confidence threshold of 95%): 

Domain: Bacteria 

Phylum Cyanobacteria 
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This classification confirms that the species investigated during this research is of the 

genus Microcystis. 

Synthesis of cyanobacterial metabolites is generally accepted to be a result of non-

ribosomal synthetic pathways. The presence of non-ribosomal peptide synthetase and 

polyketide synthetase genes in Microcystis flos-aquae was confirmed by PCR 

amplification using degenerate primers from other cyanobacterial sources. Analysis of 

sequence data identified the presence of an NRPS gene demonstrating significant 

similarity (98%) to the NRPS cyanopeptolin gene of Microcystis sp. However, the 

PKS (polyketide) gene identified verified only a 63% similarity to a known sequence, 

that of the PKS (mcyG) gene of M. aeruginosa PCC 7806 (Koch). Results of the 

molecular investigation imply this compound may belong within the cyanopeptolin 

family. 

Researchers have speculated that the majority of cyanobacteria possess genes for 

production of toxins, though in many instances the gene cluster may be incomplete or 

one or more genes may be absent or mutated. The presence of microcystin genes was 

confirmed by PCR amplification using primers from previously characterised 

cyanobacterial genes. Analysis of the sequence data identified the presence of several 

mcy genes generally found in toxic strains of cyanobacteria noted for synthesis of the 

toxin microcystin. The DNA sequences show significant similarity to the mcyA, 

mcyC, mcyD and mcyE genes described for Microcystis sp. and Microcystis 

aeruginosa PCC 7806. However, analysis of the sequence data for the mcyB gene 

revealed that this gene was not present. Further PCR amplification of the region 

between mcyA and mcyC using the reverse complements of the original primers 

indicated that a sequence was present that may have been a truncated variant of mcyB 

or another gene entirely. Time constraints prohibited submission of this region for 

sequence analysis.  

The primary objective of this research project was to screen a field strain of 

cyanobacteria for synthesis of biologically active secondary metabolites, and to 

isolate those compounds using a combination of analytical chemistry and molecular 

biotechnology. This study forms part of a collaborative project between the University 

of Adelaide, South Australian Research and Development Institute (Aquatic Sciences) 

and the Environmental Biotechnology Cooperative Research Centre, entitled “P6: 
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Commercial scale integrated biosystems for organic waste and wastewater treatment 

for the livestock and food processing industries”.  

 



K J Victory   STATEMENT OF ORIGINALITY 

 ix 

STATEMENT OF ORIGINALITY 

This work contains no material that has been accepted for the award of any other 

degree or diploma in any university or other tertiary institution and, to the best of my 

knowledge and belief, contains no material previously published or written by another 

person, except where due reference has been made in the text.  

I give consent to this copy of my thesis, when deposited in the University Library, 

being available for loan and photocopying.  

Signed:…………………    Date:….…………… 

Kyleigh Jane Victory 

 



K J Victory   LIST OF PUBLICATIONS 

 x 

LIST OF PUBLICATIONS 

Conference Papers 

K. J. Victory, D. M. Lewis, C. J. Thomas, K D King (2007). “Isolation and analysis 

of pharmacologically-active peptides of Microcystis flos-aquae” Chemeca 2007, 

Melbourne, Australia 23-26 September 2007 (oral presentation) ISBN 0 858 25844 7 

K. J. Victory, D. M. Lewis, K. D. King, C. J. Thomas (2007). “Development of 

analytical techniques for extraction of biologically active compounds from 

Microcystis flos-aquae” International Society for Pharmaceutical Engineering, Gold 

Coast, Australia 2-4 September 2007 (Poster Presentation) 

K J Victory, D M Lewis, C J Thomas, M Kumar, K D King (2006). “Comparison of 

bioactivity of 3 strains of non-toxic Microcystis grown in different culture media” 

6th Asia-Pacific Conference Algal Biotechnology, Makati City, Philippines 12-15 

October 2006 ISSN 0921-8971 (Print) 1573-5176 (Online) (Poster presentation) 

K J Victory, D M Lewis, C J Thomas, J M Kumar, K D King (2005) “Detection of 

antimicrobial metabolites Produced by microalgae and cyanobacteria” 

Environmental Biotechnology Cooperative Research Centre Annual conference, 

Brisbane, Australia 30 November - 1 December 2005 (Oral presentation) 

Victory K J, Lewis D M, Thomas C J, Kumar J M, King K D (2005). “Detection of 

antimicrobial metabolites Produced by microalgae and cyanobacteria” 8th 

International Phycological Congress, Durban, South Africa, 13-17 August 2005. (Oral 

presentation)  

Victory K J, Lewis D M, Thomas C J, Kumar J M, King K D (2005). “Analysis and 

Classification of Antimicrobial metabolites produced by microalgae and 

cyanobacteria” 7th World Congress of Chemical Engineering, Glasgow, Scotland 10-

14 July 2005. (Poster presentation) [7th World Congress of Chemical Engineering 

Proceedings, P20–012 (IChemE, ISBN 0 85295 494 8)] 

Victory K J, Lewis D M, Thomas C J, Kumar J M, King K D (2004). “Analysis and 

Classification of Antimicrobial metabolites produced by microalgae and 



K J Victory   LIST OF PUBLICATIONS 

 xi 

cyanobacteria” Australasian Society for Phycology and Aquatic Botany Adelaide, 

Australia December 2004 (oral presentation) Australasian Society for Phycology and 

Aquatic Botany 19th Conference CSIRO Publishing 

 



K J Victory   CONTENTS 

 xii

TABLE OF CONTENTS 

ACKNOWLEDGMENTS III 

EXECUTIVE SUMMARY V 

STATEMENT OF ORIGINALITY IX 

LIST OF PUBLICATIONS X 

TABLE OF CONTENTS XII 

LIST OF FIGURES XVII 

LIST OF TABLES XXII 

ABBREVIATIONS XXIV 

CHAPTER 1 INTRODUCTION - 1 - 

1.1 GAP STATEMENT - 1 - 

1.2 PROJECT APPRECIATION - 1 - 

1.3 OBJECTIVES AND ACHIEVEMENTS - 3 - 

1.4 THESIS OVERVIEW - 4 - 

1.4.1 Research Program - 6 - 

1.5 BACKGROUND - 7 - 

1.5.1 Screening of Cyanobacteria for Bioactivity - 8 - 

1.5.2 Torrens River Catchment system - 15 - 

CHAPTER 2 ENVIRONMENT AND APPLICATION - 16 - 

2.1 ALGAE - 16 - 

2.1.1 Classification - 16 - 

2.1.2 Phytoplankton/cyanobacteria - 17 - 

2.1.3 Applications – environmental and commercial uses of microalgae - 19 - 

2.2 METABOLISM - 24 - 

2.2.1 Secondary metabolite production - 25 - 

2.2.2 External influences on metabolite production - 27 - 

2.2.3 Metabolite Applications - 27 - 

2.3 BIOACTIVITY - 29 - 

2.3.1 Toxins - 29 - 

2.4 GROWTH ENVIRONMENT - 33 - 

2.4.1 Response to changes in environment (stressors) - 33 - 

2.4.2 Bloom formation - 34 - 

2.5 TARGET SPECIES: MICROCYSTIS - 36 - 

2.5.1 Genus Microcystis - 36 - 



K J Victory   CONTENTS 

 xiii

2.5.2 Bioactive peptides of Microcystis sp. - 38 - 

2.6 SUMMARY - 44 - 

CHAPTER 3 PROJECT METHODOLOGY - 46 - 

3.1 INTRODUCTION - 46 - 

3.2 FIELD SITE: TORRENS RIVER CATCHMENT SYSTEM, ADELAIDE. SOUTH AUSTRALIA - 46 - 

3.3 UNIVERSAL METHODS OF MICROALGAL CULTIVATION - 48 - 

3.3.1 Microalgal Cultivation - 48 - 

3.3.2 Media for Microalgal Cultivation - 50 - 

3.4 BIOACTIVITY ASSESSMENT OF NON-TOXIC M. FLOS-AQUAE - 51 - 

3.4.1 Assessment of the antiviral activity of non-toxic M. flos-aquae - 53 - 

3.4.2 Establishment of Bioactivity of non-toxic M. flos-aquae - 56 - 

3.5 CHEMICAL STRUCTURE ANALYSIS - 57 - 

3.6 DNA EXTRACTION TECHNIQUES - 57 - 

3.6.1 Polymerase Chain Reaction (PCR) - 59 - 

3.6.2 The Microcystin Gene Cluster - 60 - 

3.7 SUMMARY - 61 - 

CHAPTER 4 CULTIVATION OF MICROCYSTIS & BIOACTIVITY 

ASSESSMENT - 62 - 

4.1 ESTABLISHMENT OF A NON-TOXIC MICROCYSTIS CULTURE - 62 - 

4.1.1 Reagents and Cyanobacterial strains - 62 - 

4.1.2 Sample collection of M. flos-aquae from the Torrens Lake - 63 - 

4.1.3 Establishment of field cyanobacteria enrichment cultures - 64 - 

4.1.4 Inoculation of an environmental water sample with laboratory cultured Microcystis 

  - 65 - 

4.1.5 Establishment of laboratory cultures of Microcystis in enriched culture medium (AWQC 

cultures ) - 66 - 

4.2 BIOACTIVITY ASSESSMENT OF NON-TOXIC M. FLOS-AQUAE - 68 - 

4.2.1 Sample preparation and solvent extraction - 68 - 

4.2.2 Development of an assay to determine antibacterial activity - 69 - 

4.3 ANALYSIS OF NON-TOXIC M. FLOS-AQUAE GROWTH - 72 - 

4.3.1 Microcystis sp. growth determination - 72 - 

4.4 REVIEW - 80 - 

4.5 ESTABLISHMENT OF BIOACTIVITY OF NON-TOXIC M. FLOS-AQUAE - 81 - 

4.5.1 Evaluation of Antibacterial Assay - 81 - 

4.5.2 Long-term efficacy of antibacterial metabolites - 84 - 

4.5.3 Bioactivity Assessment of HPLC fractions - 86 - 

4.5.4 Assessment of cyanobacterial extracts for antiviral activity - 87 - 

4.6 SUMMARY - 89 - 



K J Victory   CONTENTS 

 xiv 

CHAPTER 5 CHEMICAL STRUCTURE ANALYSIS - 91 - 

5.1 INTRODUCTION - 91 - 

5.2 CHEMICAL STRUCTURE IDENTIFICATION OF BIOACTIVE COMPOUNDS - 92 - 

5.2.1 Reverse-Phase HPLC: Isolation of Bioactive Compounds - 92 - 

5.2.2 Mass spectrometric analysis of extracts of M. flos-aquae - 93 - 

5.3 PROFILE INTERPRETATION - 93 - 

5.3.1 High Pressure Liquid Chromatography profiles - 93 - 

5.3.2 Mass Spectrometry profiles - 95 - 

5.3.3 Liquid Chromatography/Mass Spectrometry - 97 - 

5.4 SUMMARY - 102 - 

CHAPTER 6 MOLECULAR ANALYSIS OF BIOACTIVE COMPOUND 

SYNTHESIS - 105 - 

6.1 INTRODUCTION AND STRATEGY - 105 - 

6.2 ISOLATION OF GENOMIC DNA FROM M. FLOS-AQUAE - 105 - 

6.2.1 Wizard® Genomic DNA Purification Kit - 105 - 

6.2.2 QIAGEN QIAamp® DNA Mini Kit - 106 - 

6.2.3 QIAGEN QIAamp® DNA Stool Mini Kit - 107 - 

6.2.4 Mo Bio UltraClean Soil DNA Isolation Kit - 108 - 

6.2.5 Mo BIO PowerPlantTM DNA Isolation Kit - 109 - 

6.2.6 Re-precipitation of Microcystis DNA - 110 - 

6.2.7 Rapid DNA Extraction Techniques - 111 - 

6.3 POLYMERASE CHAIN REACTION - 112 - 

6.3.1 Primers - 113 - 

6.3.2 16s rRNA amplification - 116 - 

6.4 AGAROSE GEL ELECTROPHORESIS - 118 - 

6.4.1 Loading and Running the Gel - 118 - 

6.4.2 Gel staining and UV exposure - 119 - 

6.5 DNA SEQUENCING - 120 - 

6.5.1 Ethanol Precipitation (Template Clean-up) - 120 - 

6.5.2 Sequencing PCR - 120 - 

6.5.3 Sequencing clean-up - 121 - 

6.5.4 Gel Precipitation - 121 - 

6.6 COMPARISON OF DNA EXTRACTION METHODS - 122 - 

6.6.1 DNA Extraction – Mo Bio PowerPlantTM DNA Isolation Kit - 124 - 

6.7 DNA SEQUENCE ANALYSIS AND TAXONOMIC CLASSIFICATION - 125 - 

6.7.1 Computer Analysis of DNA and Protein Sequences - 125 - 

6.8 DETECTION OF PEPTIDE ASSEMBLY GENES - 130 - 

6.8.1 Detection of Non-ribosomal Peptide Synthetase and Polyketide Synthetase Genes in M. 

flos-aquae - 130 - 



K J Victory   CONTENTS 

 xv 

6.8.2 Detection of mcy genes by PCR - 136 - 

6.9 SUMMARY - 139 - 

CHAPTER 7 SUMMARY AND CONCLUDING REMARKS - 143 - 

7.1 INTRODUCTION - 143 - 

7.2 CULTURE GROWTH AND NUTRIENT BIOAVAILABILITY - 144 - 

7.3 ISOLATION AND BIOACTIVITY ASSESSMENT OF MICROCYSTIS FLOS-AQUAE - 146 - 

7.4 CHEMICAL STRUCTURE ANALYSIS OF THE BIOACTIVE METABOLITE - 149 - 

7.5 CHARACTERISATION OF NRPS, PKS AND MCY GENES PRESENT IN BIOACTIVE M. FLOS-AQUAE 

  - 151 - 

7.6 FUTURE WORK - 153 - 

7.7 CONCLUDING REMARKS - 156 - 

CHAPTER 8 REFERENCES AND BIBLIOGRAPHY - 157 - 

APPENDIX A STANDARD OPERATING PROCEDURES - 187 - 

A.I FREEZE DRYING - 187 - 

A.II CELL ENUMERATION - 191 - 

A.III CULTURE ABSORBANCE MEASUREMENT - 195 - 

A.IV BIOACTIVITY ASSAY – MICROTITRE PLATE - 197 - 

A.V EXTRACTIONS – HYDROPHILIC AND LIPOPHILIC - 200 - 

A.VI DIGITAL SONIFICATION - 203 - 

A.VII AGAR DISC DIFFUSION - 208 - 

A.VIII GROWTH OF AXENIC CULTURES - 212 - 

A.IX ISOLATION OF SINGLE CELLS - 216 - 

A.X HIGH PRESSURE LIQUID CHROMATOGRAPHY - 220 - 

A.XI DNA EXTRACTION TECHNIQUES - 224 - 

A.XII DNA EXTRACTION TECHNIQUES - 227 - 

A.XIII PREPARATION OF READY-TO-USE GENERULER™ 100BP DNA LADDER - 231 - 

APPENDIX B GENERAL METHODOLGY - 234 - 

B.I MICROALGAL CULTIVATION TECHNIQUES - 234 - 

B.I.1 Isolation Techniques - 234 - 

B.II SAMPLE COLLECTION - 235 - 

B.II.1 Isolation Equipment - 236 - 

B.II.2 Single Cell Isolation Techniques - 237 - 

B.II.3 Single Cell Isolation by Micropipette - 237 - 

B.II.4 Agar Streak Plate - 239 - 

B.II.5 Serial Dilution - 240 - 

B.III CHEMICAL STRUCTURE ANALYSIS TECHNIQUES - 240 - 

B.III.1 High Pressure Liquid Chromatography - 240 - 



K J Victory   CONTENTS 

 xvi 

B.III.2 Mass Spectrometry - 241 - 

B.III.3 LC/MS - 242 - 

B.III.4 Nuclear Magnetic Resonance - 242 - 

APPENDIX C MICROALGAL CULTIVATION MEDIA - 244 - 

C.I PREPARATION OF JDM BG11 MEDIA - 244 - 

C.II PREPARATION OF B-12 - 248 - 

APPENDIX D DNA SEQUENCE ALIGNMENT ANALYSIS OF MCY 

GENES  - 252 - 

D.I MCYA - 252 - 

D.II MCYB - 253 - 

D.III MCYC - 254 - 

D.IV MCYD - 255 - 

 

 



K J Victory   LIST OF FIGURES 

 xvii

LIST OF FIGURES 

Figure 2-1: Structures of common cyanobacteria (Environment-ACT 2003) - 18 - 

Figure 2-2: A cyanobacterial bloom on the Torrens Lake, Adelaide, February 2005 

 - 35 - 

Figure 2-3: Microcystis flos-aquae. The individual cells in a M. flos-aquae colony are 

3-4 μm in diameter; the colony is spherical or lens-shaped, with varying degree 

of spacing between cells within a colony. Dark stains visble in the individual 

cells are due to reflection of light from the gas vesicles. A number of 

dinoflagellates are attached to the upper left side of the colony (Micro*scope 

2006). - 37 - 

Figure 2-4: Microcystis aeruginosa. Cells aggregate to form colonies, a characteristic 

feature of bloom-forming species (Cyanosite 1997). - 37 - 

Figure 2-5: Structure of the hepatotoxin microcystin-LR. Amino acids at positions X 

and Y are variable (Dittmann and Wiegand 2006) - 39 - 

Figure 3-1: The Torrens River rises from the Mt Lofty Ranges in the east and 

discharges into the Gulf of St Vincent through an outlet at West Beach (Hogan 

1995) - 47 - 

Figure 3-2: The Torrens River, Adelaide, as it passes through the CBD. The Torrens 

Lake (circled) was formed by the construction of the weir circa 1881 (Google-

Earth 2007) - 48 - 

Figure 3-3: Structure of the microcystin (MCY) gene cluster (Mikalsen et al. 2003) 

 - 60 - 

Figure 4-1: Agar disc diffusion assay developed to assess the antibacterial and 

antifungal activity of the cyanobacterial extracts. - 70 - 

Figure 4-2: Growth of M. flos-aquae 053D in BG11 media. A similar growth curve is 

observed for absorbance and cell enumeration of the culture - 73 - 

Figure 4-3: Growth of M. flos-aquae 053D in BG11, filtered Torrens water, and 

Torrens + media. - 74 - 

Figure 4-4: Growth of M. aeruginosa 046E in BG11, filtered Torrens River water, and 

enriched filtered Torrens River water. - 76 - 



K J Victory   LIST OF FIGURES 

 xviii

Figure 4-5: Growth of Microcystis (MIC BOL), obtained from the wastewater 

treatment ponds at Bolivar in BG11, filtered Torrens River water, and enriched 

filtered Torrens River water - 77 - 

Figure 4-6: Analysis of Torrens Lake chemical water quality, sampled at the surface 

of the lake, CBD (AWQC, personal communication, February 2005) - 78 - 

Figure 4-7: Analysis of metal ions in Torrens Lake water. Samples were collected on 

14/2/05 (FEB-05); 4/3/05 (MAR-05); and 4/4/05 (APR-05). Analysis performed 

by AWQC. - 79 - 

Figure 4-8: S. aureus control plate following 24 hrs incubation at 25 °C. Inhibition by 

Ampicillin (left) but not Methanol (right) 82 

Figure 4-9: Agar disc diffusion assay control plate. Agar was seeded with an 

overnight culture of B. subtilis and incubated for 48 hrs with saturated discs of 

Ampicillin (left) and methanol (right) 82 

Figure 4-10: S. aureus extract plate incubated at 25 °C. Inhibition is evident around 

discs infused with the extract of M. flos-aquae MIC FEB05, but not the M. flos-

aquae MIC MAR05 extract (right). - 83 - 

Figure 4-11: Agar disc diffusion assay assessing efficacy of diluted extracts.  

Methanol/sonication extracts have been diluted 1/10 in BG11 media. No 

inhibition of bacterial lawns is visible (L-R: E coli, S. aureus, and B. subtilis) 

 - 85 - 

Figure 4-12: Methanol/sonication extract of M. flos-aquae MIC FEB05 dilution 1/100 

assessed for bioactivity against B. subtilis. No growth inhibition was visible - 86 - 

Figure 4-13: Bioactivity assessment of R3F6 fraction against B subtilis - 87 - 

Figure 4-14: Bioactivity assessment of HPLC fractions. This control plate was seeded 

with a culture of B. subtilis and incubated with discs of Ampicillin (right) and 

Methanol (left). - 87 - 

Figure 5-1: HPLC chromatogram obtained from crude methanol/sonication extract of 

Torrens River M. flos-aquae MIC MAR05 isolate. This extract did not 

demonstrate bioactivity against bacteria, fungi or viruses - 94 - 

Figure 5-2: HPLC chromatogram of methanolic extract obtained from Torrens River 

M. flos-aquae MIC FEB05 isoalte. This extract has previously demonstrated 

antibacterial and antiviral activity. Fraction R3F6, at retention time of 18 min, 

was not observed in the non-bioactive extract. - 95 - 



K J Victory   LIST OF FIGURES 

 xix 

Figure 5-3: MS profile of the bioactive methanol/sonication extract obtained from 

Torrens River M. flos-aquae collected in February 2005 - 96 - 

Figure 5-4: MS profile of 3 x methanol extraction of Torrens River M. flos-aquae 

MIC FEB-05 - 96 - 

Figure 5-5: MS profile of bioactive methanol/sonication extraction of Torrens River 

M. flos-aquae MIC FEB05. Resolution of the peptide peak removal of 

background noise revealed several daughter peaks associated with the base peak.

 - 97 - 

Figure 5-6: MS / MS data profile for major peptide with mass 1037.6 of the bioactive 

extract sample R3F6 - 98 - 

Figure 5-7: Proposed (a) amino acid sequence and (b) peptide structure for the 

bioactive compound isolated from non-toxic M. flos-aquae. - 100 - 

Figure 5-8: Proposed interpretation of the MS / MS profile provided by Proteomics 

International, to determine an amino acid sequence for major peptide with mass 

1037.6 in HPLC fraction R3F6. - 101 - 

Figure 5-9: Proposed (a) amino acid sequence and (b) peptide structure for the 

bioactive compound isolated from non-toxic M. flos-aquae. - 103 - 

Figure 6-1: Schematic of the Polymerase Chain Reaction (PCR) (Brock et al. 1997) 

 - 113 - 

Figure 6-2: Fermentas GeneRulerTM (a) 100 bp DNA Ruler, and (b) DNA Ladder 

Mix 10kb - 119 - 

Figure 6-3: Cyanobacterial DNA extraction from M. flos-aquae by 4 extraction 

methods – QIAGEN DNA Stool Kit, Mo Bio UltraCleanTM Soil DNA kit, 

Microwave irradiation and Sonication - 123 - 

Figure 6-4: 16s RNA PCR amplification - 124 - 

Figure 6-5: Extraction of genomic DNA using the Mo Bio PowerPlant DNA Isolation 

Kit. Extraction of DNA from M. flos-aquae MIC FEB05 and M. flos-aquae MIC 

MAR05. DNA extracted from a viable M. aeruginosa MIC 338B culture was 

included as a positive control. - 125 - 

Figure 6-6: PCR amplification of extracted MIC FEB05 DNA using the 16S primers 

E27F and 809R. - 126 - 

Figure 6-7: DNA sequence analysis of the PCR product 16S from Microcystis flos-

aquae. (a) DNA sequence of 16S obtained from M. flos-aquae. (b) Results of a 

BLASTN DNA sequence analysis of the PCR product 16S amplified from MIC 



K J Victory   LIST OF FIGURES 

 xx 

FEB05. The 16S gene of M. flos-aquae was similar to the 16S gene of M. flos-

aquae strain UWOCC C3. - 127 - 

Figure 6-8: (c) DNA sequence alignment of 16S gene from M. flos-aquae and 

AF139329, Microcystis flos-aquae strain UWOCC C3 16S ribosomal RNA gene, 

partial sequence. The sequences are 95% similar. - 128 - 

Figure 6-9: Unrooted phylogenetic tree derived from a comparison of 16S sequences 

of Microcystis sp. - 129 - 

Figure 6-10: Multiple alignments of key domains of 16S sequences from Microcystis 

sp. – partial sequence - 129 - 

Figure 6-11: DNA sequence analysis of the PCR product NRPS from Microcystis 

flos-aquae. DNA sequence of NRPS from obtained from M. flos-aquae MIC 

FEB05. (b) Results of a BLASTN DNA sequence analysis of the PCR product 

NRPS amplified from M. flos-aquae MIC FEB05. The NRPS gene of M. flos-

aquae was most similar to the cyanopeptolin synthetase gene of Microcystis sp. 

 - 132 - 

Figure 6-12: DNA sequence analysis of the PCR product NRPS from Microcystis 

flos-aquae MIC FEB05. DNA sequence alignment of NRPS gene from M. flos-

aquae and DQ075244. The sequences are 93% similar - 133 - 

Figure 6-13: DNA sequence analysis of the PCR product PKS from Microcystis flos-

aquae MIC FEB05. (a) DNA sequence of PKS from obtained from M. flos-

aquae. (b) Results of a BLASTX DNA sequence analysis of the PCR product 

PKS amplified from MIC FEB05. The PKS gene of M. flos-aquae was similar to 

the PKS (mcyG) gene of M. aeruginosa PCC 7806. (c) DNA sequence alignment 

of PKS gene from M. flos-aquae and CAO90231. The sequences are 63% 

similar. - 135 - 

Figure 6-14: DNA sequence analysis of the PCR product mcyE from Microcystis flos-

aquae. (a) DNA sequence of mcyE from obtained from M. flos-aquae. (b) 

Results of a BLASTX DNA sequence analysis of the PCR product mcyE 

amplified from MIC FEB05. The mcyE gene of M. flos-aquae was most similar 

to the mcyE gene of M. aeruginosa PCC 7806. (c) DNA sequence alignment of 

mcyE gene from M. flos-aquae and AAF00958. The sequences are 98% similar 

 - 137 - 

Figure 6-15: General structure of microcystin (Tillett et al. 2000; Mikalsen et al. 

2003) - 138 - 



K J Victory   LIST OF FIGURES 

 xxi 

Figure 7-1: Proposed (a) amino acid sequence and (b) peptide structure for the 

bioactive compound isolated from non-toxic M. flos-aquae. - 150 - 

 

Figure D-1: DNA sequence analysis of the PCR product mcyA from Microcystis flos-

aquae............................................................................................................. - 252 - 

Figure D-2: DNA sequence analysis of the PCR product mcyB from Microcystis flos-

aquae............................................................................................................. - 253 - 

Figure D-3: DNA sequence analysis of the PCR product mcyC from Microcystis flos-

aquae............................................................................................................. - 254 - 

Figure D-4: DNA sequence analysis of the PCR product mcyD from Microcystis flos-

aquae............................................................................................................. - 255 - 

 



K J Victory   LIST OF TABLES 

 xxii

LIST OF TABLES 

Table 1-1: Cyanobacterial metabolites, their target organism or effect and the species 

responsible for synthesis. - 13 - 

Table 2-1: Microalgal species for biotechnological applications (Borowitzka 1992; 

Day et al. 1999; Pulz and Gross 2004) - 20 - 

Table 2-2: Marine animals farmed in Australia requiring microalgae feedstock 

(Olaizolá 2003) - 22 - 

Table 2-3: Claimed beneficial effects and applications of microalgal extracts (Moore 

2001) - 24 - 

Table 2-4: Toxins produced by cyanobacteria and their target organ (Sinoven and 

Jones 1999) - 30 - 

Table 2-5: Microcystin-type peptides and variants reported in literature - 41 - 

Table 2-6: Examples of secondary metabolites isolated from strains of Microcystis sp. 

(Skulberg 2000) - 43 - 

Table 3-1: Cell disruption techniques and extraction methods applied to Microcystis 

biomass - 53 - 

Table 4-1: Cyanobacteria assessed for biological activity against selected test 

organisms.  Original source and toxicity status are provided, and species are 

coded for ease of reference. - 63 - 

Table 4-2: Cultures of Microcystis sp. donated by AWQC, isolation dates, original 

source and toxicity, if known - 67 - 

Table 4-3: Extraction techniques applied to cyanobacterial cultures in this study. - 68 - 

Table 4-4: Microtitre plate format for bioactivity assessment of cyanobacterial 

extracts. - 71 - 

Table 4-5: Culture conditions imposed on M. flos-aquae 053D, M. aeruginosa 046E 

and Microcystis (MIC BOL) cultivated in BG11, filtered Torrens River water, and 

filtered river water enriched with nitrate and phosphate - 75 - 

Table 4-6: Inhibition of growth of test organisms by extracts of M. flos-aquae (MIC 

FEB05) - 84 - 

Table 4-7: Viruses selected as test pathogens for assessment of antiviral activity of the 

extracts, and the virus families represented. (White and Fenner 1994) - 88 - 

Table 4-8: Antiviral activity of extracts of M. flos-aquae - 88 - 



K J Victory   LIST OF TABLES 

 xxiii

Table 4-9: Summary of antimicrobial activity against bacterial, fungal and viral test 

organisms - 90 - 

Table 6-1: Cell weights used for extraction of genomic DNA from freeze-dried 

Microcystis flos-aquae - 109 - 

Table 6-2: 16S RNA PCR Primers - 114 - 

Table 6-3: Peptide synthetase gene consensus and specific PCR primers (Neilan et al. 

1999) - 115 - 

Table 6-4: Polymerase Chain Reaction cycles - 117 - 

Table 6-5: PCR cycling conditions for sequencing DNA - 120 - 

Table 6-6: Primer sequences for reverse complement of mcyA and mcyC genes, 

developed to amplify the region of DNA between mcyA and mcyC. - 139 - 

Table 6-7: PCR cycle for amplification of the region of DNA between mcyA and 

mcyC - 139 - 

 



K J Victory   ABBREVIATIONS 

 xxiv 

ABBREVIATIONS 

°C degrees Centigrade 

Å Ångström 

A. fumigatus Aspergillus fumigatus 

ACN Acetonitrile 

ADDA 3-amino-9-methoxy-2,6,8-trimethyl-10-

phenyldeca-4,6-dienoic acid 

Amp Ampicillin 

Arg Arginine 

ASM Artificial Seawater Media 

B sub Bacillus subtilis 

bp Base pairs 

C. albicans Candida Albicans 

Ca Calcium 

CBD Central Business District 

cm Centimetres 

CO2 Carbon dioxide 

Da Daltons 

DGGE Denaturing gradient gel electrophoresis 

DHA Docosahexaenoic acid 

DNA Deoxyribonucleic acid 

dNTP Deoxyribonucleotide triphosphate 

DV Dengue virus 

E coli Escherichia coli 

EDTA ethylenediaminetetraacetic acid 

ELISA Enzyme Linked Immunosorbent Assay 

EPA Eicosapentaenoic acid 

EtOH Ethanol 

eV Electron volts 

GC Gas Chromatography 

Glu Glutamine 

HIV Human Immunodeficiency Virus 



K J Victory   ABBREVIATIONS 

 xxv 

HPLC High Pressure Liquid Chromatography 

hr Hour 

HSV Herpes Simplex Virus 

ID Internal diameter 

kb Kilobases 

LB Luria Bertani 

LC/MS Liquid Chromatography Mass Spectrometry 

LCPUFA Long chain polyunsaturated fatty acids 

LPS Lipopolysaccharide 

MDCK Madin Darby Canine Kidney 

MeOH Methanol 

mg Micrograms 

MgCl2 Magnesium chloride 

min Minute 

mL Millilitres 

mm Millimetres  

(m)V (milli) Volts 

mQ H2O Double distilled (Milli-Q®) water 

MS Mass Spectrometry 

N Nitrogen 

NH3 Ammonia 

NMR Nuclear Magnetic Resonance 

NOX Nitrous oxides 

NRPS Non-ribosomal Peptide Synthetase 

P Phosphorous 

PBR Photobioreactor 

PBS Phosphate Buffer Solution 

PCR Polymerase Chain Reaction 

PKS Polyketide Synthetase 

PS Peptide Synthetase 

PUFA Polyunsaturated fatty acids 

Q-STAR Quadrapole time-of-flight mass spectrometer 

R(n)F(n) Run (n) Fraction (n) 

RNA Ribonucleic acid 



K J Victory   ABBREVIATIONS 

 xxvi 

RNAse (Enzyme) 

RSV Respiratory Scyncytial Virus 

RT Room temperature 

S aureus Staphylococcus aureus 

s Seconds 

SB Stable bond 

TAE Tris-acetate-EDTA 

Td Doubling time 

TFA Trifluoroacetic acid 

TKN Total Kjeldahl Nitrogen 

Tm Melting temperature (oligonucleotide primer) 

TOF Time-of-flight 

�L Microlitre 

�m Micron  

UNSW University of New South Wales 

UV Ultraviolet 

v/v Volume per volume basis 

w/v Weight per volume basis 

×g centrifugal force 

 



K J Victory   ABBREVIATIONS 

 xxvii

Covalent structures of  20 common amino acids (Voet and Voet 2004) 

Abbreviation 
Amino Acid 

3 Letter 1 Letter 

Residue 

Mass (D) 
Structure 

Amino acids with non- polar side chains 

Glycine GLY G 57.0 

 

Alanine ALA A 71.0 

 

Valine VAL V 99.1 

 

Leucine LEU L 113.1 

 

Isoleucine ILE I 113.1 

 

Methionine MET M 131.1 

 

Proline PRO P 97.1 

 

Phenylalanine PHE/ F 147.1 

 

Tryptophan TRP W 186.2 

 

Amino acids with uncharged polar side chains 

Serine SER S 87.0 

 

Threonine THR T 101.1 

 

Asparagine ASN N 114.1 

 

OH 

CH NH CO 

CH2 

CH NH CO 

H 

CH NH CO 

CH3 

CONH2 

CH NH CO 

CH2 

CH NH CO 

CH(CH3)2 

CH(OH)CH3 

CH NH CO 

CH(CH3)CH2CH3 

CH NH CO 

CH2CH(CH3)2 

CH NH CO 

CH3 CH2CH2 

CH NH CO 

S 

N CO CH 

CH2 

CH CO NH 

CH NH CO 

CH2 

NH 



K J Victory   ABBREVIATIONS 

 xxviii

Abbreviation 
Amino Acid 

3 Letter 1 Letter 

Residue 

Mass (D) 
Structure 

Glutamine GLN Q 128.1 

 

Tyrosine TYR Y 163.1 
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