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Abstract 

With crude oil demand rising and supplies being depleted, alternative energy, 

specifically biofuels, are of intense scientific interest. Current plant crop based biofuels 

suffer from several problems, most importantly the use of land needed for food. 

Cyanobacteria offer a solution to this problem as they do not compete with land for 

food and produce hydrocarbons that can be used as biofuels. Upon examination of 

metabolic pathways competing with hydrocarbon synthesis, it appeared that 

cyanobacteria lacked the major fatty acid degradative metabolic pathway β-oxidation, 

generally thought to be a universally occurring pathway. Lack of this pathway in 

cyanobacteria was confirmed by employing a range of analytical techniques. 

Bioinformatic analysis suggested that potential enzymes with β-oxidation activity were 

involved in other metabolic pathways. A sensitive assay was set up to detect acyl-

CoAs, the substrates of β-oxidation, using liquid chromatography triple quadrupole 

mass spectrometry. None could be detected in cyanobacteria. No enzymatic activity 

from the rate-limiting acyl-CoA dehydrogenase/oxidase could be detected in 

cyanobacterial extracts. It was found that radiolabeled fatty acids fed to cyanobacteria 

were utilised for lipid membranes as opposed to being converted to CO2 by respiration 

or into other compounds by the TCA cycle. An element of the β-oxidation pathway, E. 

coli acyl-CoA synthetase was ectopically expressed in a strain of cyanobacteria and 

implications of the introduction of acyl-CoA synthesis were assessed. Finally, the 

regulation of the fatty acid biosynthetic pathway was investigated. It was determined 

that under conditions of excess fatty acid, the transcription of acetyl-CoA carboxylase 

and enoyl-ACP reductase was repressed and acyl-ACP synthetase involved in fatty 

acid recycling was induced. These results were discussed in relation to fatty acid 

oxidation and hydrocarbon biosynthesis in other organisms.  

 



 4 

Contents 

Acknowledgements          2 

Abstract           3 

Contents          4 

List of Tables           9 

List of Figures          11 

List of Abbreviations         17 

1. Introduction          21 

 1.1 The need for sustainable biofuels     21 

 1.2 The Cyanobacteria       25 

  1.2.1 The Cyanobacteria – An overview    25 

  1.2.2 Hydrocarbon biosynthesis in cyanobacteria   31 

  1.2.3 The commercial importance of cyanobacteria   32 

 1.3 Carbon flux throughout metabolism     33 

 1.4 Glycogen metabolism       36 

 1.5 Fatty acids         40 

 1.6 Fatty acid biosynthesis       41 

  1.6.1 Coenzyme A       42 

  1.6.2 Formation of malonyl-CoA by the acetyl-CoA carboxylase 

         complex        42 

  1.6.3 Acyl carrier protein (ACP)     43 

  1.6.4 Fatty acid biosynthesis      44 

  1.6.5 Final steps of fatty acid biosynthesis    45 

 1.7 Fatty acid degradation       48 

 1.8 Fatty acid homeostasis       52 

 1.9 Aims and the scope of the project     57 

2. Materials and Methods        58 

 2.1 Chemicals used        58 



 5 

 2.2 Cyanobacteria strain information      58 

  2.2.1 Growth conditions      58 

  2.2.2 Cryopreservation      60 

 2.3 Growth conditions of E. coli      61 

 2.4 Use of oxygen electrode       62 

2.4.1 Measurement of respiration rates of E. coli and 

         cyanobacteria on a range of carbon sources   63 

 2.5 Detection of acyl-CoAs in cell extracts     65 

  2.5.1 Preparation of acyl-CoA standards    65 

  2.5.2 Extraction, SPE and enrichment of acyl-CoAs   65 

2.5.3 Method development of liquid chromatography-triple 

         quadrupole-mass spectrometry (LCMS-QQQ)   66 

 2.6 Bioinformatic analysis of β-oxidation enzymes in cyanobacteria 67 

 2.7 Feeding of fatty acids to cyanobacteria and E. coli   67 

 2.8 Gas chromatography mass spectrometry (GCMS)    68 

  2.8.1 Sample preparation      68 

  2.8.2 Derivatisation       68 

  2.8.3 GCMS parameters      69 

 2.9 Radiolabelling        70 

  2.9.1 Feeding        70 

  2.9.2 Fractionation       71 

  2.9.3 Ion exchange chromatography     72 

  2.9.4 Silver (Ag+) ion chromatography    72 

  2.9.5 Column chromatography of complex lipids   73 

  2.9.6 Thin layer chromatography     73 

  2.9.7 Scintillation counting      75 

2.9.8 Analysis of spots using liquid chromatography-quadrupole 

         time of flight-mass spectrometry (LC-QToF-MS)  76 



 6 

 2.10 Protein extraction from cells      77 

  2.10.1 Protein extraction for proteomics    77 

  2.10.2 Protein extraction for enzyme activity assays   77 

  2.10.3 Protein extraction from cress     78 

  2.10.4 Protein quantification      78 

2.11 Tryptic digests         78 

2.12 Proteomics using nano-ESI-LC-QToF-MS     79 

2.13 Enzyme activity assays        79 

 2.13.1 Acyl-CoA dehydrogenase assay     79 

 2.13.2 Acyl-CoA oxidase assay      80 

 2.13.3 Acyl-CoA synthetase assay      80 

2.14 Cloning of E.coli fadD into Synechocystis PCC 6803    81 

2.14.1 Genomic DNA extraction      81 

2.14.2 PCR         81 

2.14.3 PCR of fadD from E. coli      82 

2.14.4 PCR of promoter sequences from Synechocystis and primer 

           purification         83 

2.14.5 Diagnostic and quality control PCR’s     85 

2.14.6 Plasmids        87 

2.14.7 Plasmid DNA preparation      91 

2.14.8 DNA cleanup        91 

2.14.9 Agarose gel electrophoresis      91 

2.14.10 DNA excision from agarose gels     92 

2.14.11 Determination of concentration of nucleic acids   92 

2.14.12 Cloning strategy       93 

2.14.13 Restriction digests       94 

2.14.14 Dephosphorylation       95 

2.14.15 Ligations        95 



 7 

2.14.16 Sequencing of vectors      96 

2.15 Transformation methods        96

 2.15.1 E. coli heat-shock transformation     96 

2.15.2 Transformation of cyanobacteria by triparental mating  97 

2.16 RT-PCR          98 

  2.16.1 RNA extraction       98 

  2.16.2 Assessment of quality of RNA     98 

  2.16.3 mRNA enrichment from total RNA    98 

  2.16.4 cDNA synthesis      99 

  2.16.5 Semi-quantitative PCR conditions and method  

           development        99 

  2.16.6 Qualitative RT-PCR      101 

  2.16.7 Cyanobacterial growth and feeding conditions  104 

3. Results          105 

  3.1 Cyanobacteria lack β-oxidation      105 

   3.1.1 Introduction       105 

   3.1.2 Bioinformatic analyses      106 

   3.1.3 Acyl-CoAs cannot be detected in cyanobacterial extracts 116 

3.1.4 No activity for acyl-CoA dehydrogenase or acyl-CoA oxidase 

            can be detected in cyanobacteria     128 

3.1.5 Metabolism of 14C-labelled fatty acids in cyanobacteria 133 

3.1.6 Discussion       164 

3.2 Ectopic expression of E. coli Acyl-CoA Synthetase in Synechocystis  

      PCC 6803         168 

  3.2.1 Introduction       168 

  3.2.2 Amplification of elements to be inserted into expression   

         vector        169 

  3.2.3 Preparation of BioBrick vectors     171 



 8 

  3.3.4 BioBrick assembly      177 

  3.2.5 Transformation of PCC 6803     181 

  3.2.6 Analysis of transformants     186 

  3.2.7 Discussion       192 

3.3 Acaryochloris strain HICR111A      194 

  3.3.1 Introduction       194 

  3.3.2 PCR of β-oxidation genes     195 

  3.3.3 RT-PCR of β-oxidation genes     198 

  3.3.4 Acyl-CoAs LCMS assay     200 

3.3.5 No activity for acyl-CoA dehydrogenase or acyl-CoA  

oxidase can be detected in strain HICR111A    202 

3.3.6 Metabolism of 14C-labelled fatty acids    204 

3.3.7 Discussion       211 

 3.4 Regulation of fatty acid biosynthesis in Synechocystis PCC 6803 213 

  3.4.1 Introduction       213 

3.4.2 Investigating regulation of fatty acid biosynthesis at the 

         transcriptional level      215 

3.4.3 Effects of fatty acid feeding on the efficiency of fatty acid  

         biosynthesis       225 

3.4.5 Discussion       227 

4. General Discussion         231 

5. Appendix          241 

 5.1 Growth curves        241 

 5.2 Feeding fatty acids to cyanobacteria     242 

 5.3 Oxygen electrode        244 

  5.3.1 Light response curves      244 

  5.3.2 Feeding of fatty acids to cyanobacteria    245 

5.4 Investigating the effect of feeding fatty acids on heptadecane yield of 



 9 

      cyanobacteria using GCMS      247 

5.5 Proteomic analysis of Synechocystis PCC 6803    251 

6. Bibliography         253 

 

List of Tables 

 

Table 2.1  Cyanobacteria strains used 

Table 2.2  Carbon sources spiked into cultures 

Table 2.3  List of standards from a range of compound classes. 

Table 2.4  List of plasmids used for cloning and transformations. 

Table 2.5  Primers used for RT-PCR 

Table 2.6  Primers used for amplification of putative β-oxidation genes from gDNA 

and cDNA of HICR111A 

Table 3.1  Computational annotation of the 5 major β-oxidation enzymes in 40 

cyanobacterial strains according to the KEGG database 

Table 3.2  BLAST hits returned against Cyanothece PCC 7425 and Acaryochloris 

marina MBIC 11017 acyl-CoA dehydrogenases. 

Table 3.3  2 significant BLAST hits returned against A. variabilis PCC 7937 enoyl-

CoA hydratase 

Table 3.4  BLAST hits returned against Cyanothece PCC 7425 and Acaryochloris 

marina MBIC 11017 acetyl-CoA acyltransferase. 

Table 3.5  Significant bit scores obtained when protein sequnces of enzymes 

involved in PHA biosynthesis were BLAST searched against 40 

cyanobacterial genomes. 

Table 3.6  List of different acyl-CoAs that the LC-QQQ-MS/MS was set up to detect 

and their respective transitions. 

Table 3.7  Composition of 16:1-CoA, 16:0-CoA and 18:0-CoA in E. coli expressed 

as a percentage of the three acyl CoAs detected. 



 10 

Table 3.8  Amino acid, organic acid and sugar standards ran on ethanol/water 

solvent system, with corresponding Rf values listed. 

Table 3.9  Integrated areas of decanoic acid, palmitic acid and stearic acid peaks 

in E. coli, PCC 6803, PCC 7120 and PCC 7937 from figure 3.41. 

Table 3.10  Integrated peak areas of other fatty acids detected at lower abundance 

in TLC scrapings from extracts of E. coli, PCC 6803, PCC 7120 and 

PCC 7937 from Fig 3.42. 

Table 3.11  Profile of complex lipids in E. coli that migrated on TLC plate where 

radioactivity was detected from 1-14C-decanoic acid feeding. 

Table 3.12  Profile of complex lipids in PCC 6803 that migrated on TLC plate where 

radioactivity was detected from 1-14C-decanoic acid feeding. 

Table 3.13  Profile of complex lipids in PCC 7120 that migrated on TLC plate where 

radioactivity was detected from 1-14C-decanoic acid feeding. 

Table 3.14  Profile of complex lipids in PCC 7937 that migrated on TLC plate where 

radioactivity was detected from 1-14C-decanoic acid feeding. 

Table 3.15  Relative peak areas and percentage of total peak areas of each acyl-

CoA that were detected in PCC 6803 fadD transformants. 

Table 3.16  Fatty acid composition of spot at solvent front in acetone/toluene/water 

solvent system 1 h and 20 h after feeding of HICR111A. 

Table 3.17  Profile of complex lipids in HICR111A that migrated on TLC plate where 

activity was detected from 1-14C-decanoic acid feeding. 

Table 3.18  Profile of complex lipids in HICR111A that migrated on TLC plate where 

activity was detected from 1-14C-decanoic acid feeding. 

Table 3.19  Best scoring BLAST hits of 40 cyanobacterial strains against the protein 

sequences of 5 fatty acid metabolism transcriptional regulators from E. 

coli, B. subtilis and S. pneumoniae.  

Table 3.20  Comparison of control gene average band intensities as quantified by 

ImageJ over 26 experiments, plus respective standard deviations. 



 11 

Table 5.1  Effects of various solvents on cyanobacteria and their ability to dissolve 

stearic acid. 

List of Figures 

 

Figure 1.1  Bright field images of cyanobacteria that were studied. 

Figure 1.2  A simplified overview of metabolism and the carbon flux with regards to 

hydrocarbon biosynthesis. 

Figure 1.3  Overview of glycogen metabolism from glycerate-3-phosphate in PCC 

6803 and PCC 7120. 

Figure 1.4  Overview of fatty acid biosynthesis. 

Figure 1.5 Overview of β-oxidation. 

Figure 2.1  Feeding strategy in oxygen electrode. 

Figure 2.2  Plasmid maps of pSB1A3 and pSB1C3. 

Figure 2.3  Plasmid map of pPMQAK1. 

Figure 2.4  Schematic overview of BioBrick assembly. 

Figure 2.5  An example of primer design for amplification of HICR111A acyl-CoA 

dehydrogenase 

Figure 3.1.  Alignment of 6 BLAST hits from table 3.3 and 2 non-ribosomal peptide 

synthetases from Burkholderia species. 

Figure 3.2.  Alignments with cyanobacterial enoyl-CoA hydratases. 

Figure 3.3 Alignments of 3-hydroxyacyl-CoA dehydrogenases. 

Figure 3.4  Total ion chromatograms (TICs) of MS2 scans of 16:0-CoA standards 

running in positive polarity (blue trace) giving a M+H m/z = 1006.5; and 

negative polarity (green trace) giving a M-H m/z = 1004.3.   

Figure 3.5  (A) Total ion chromatograms of acyl-CoA standards 16:1-CoA, 16:0-

CoA and 18:0-CoA and (B) extracted mass spectra, with corresponding 

major peaks at 1004.5, 1006.5 and 1034.5 m/z. 



 12 

Figure 3.6  Mass spectra of product ions from 16:1-CoA, 16:0-CoA and 16:1-CoA, 

generated from fragmentation in the collision chamber of the LC-QQQ-

MS/MS. 

Figure 3.7  LCMS-QQQ standard curve of 18:0-CoA SRM with transition 1034.5 m/z 

to 527.3 m/z, between 1 pmol and 1200 pmol of 18:0-CoA. 

Figure 3.8  Chromatograms from multiple reaction monitors performed on standards 

of 16:1-CoA, 16:0-CoA and 18:0-CoA. 

Figure 3.9  Extracted MRM chromatograms of fully saturated acyl-CoAs in E. coli 

that contain no functional groups on the acyl chain. 

Figure 3.10  Extracted MRM chromatograms of acyl-CoAs in E. coli that contain C=C 

double bonds and –OH groups. 

Figure 3.11  Extracted MRM chromatograms of acetyl-CoA and malonyl-CoA in 3 

tested cyanobacterial strains. 

Figure 3.12  Extracted MRMs for 18:0-CoA from extracts of PCC 6803, PCC 7120 

and PCC 7937 alone and with 150 pmol of 18:0-CoA spiked into the 

same extract. 

Figure 3.13  Principle of acyl-CoA dehydrogenase assay method. 

Figure 3.14  Comparison of initial rates of acyl-CoA dehydrogenase activity as 

quantified by nmol of INT reduced per mg of protein in the crude extract 

per minute in E. coli, PCC 6803, PCC 7120 and PCC 7937. 

Figure 3.15  Double reciprocal plot for E. coli acyl-CoA dehydrogenase assayed from 

crude protein extract. 

Figure 3.16  Mechanism of acyl-CoA oxidase coupled assay method. 

Figure 3.17  Comparison of initial rates of acyl-CoA oxidase activity as quantified by 

nmol of purpurogallin produced per mg of protein in crude extract per 

minute in cress, PCC 6803, PCC 7120 and PCC 7937. 

Figure 3.18  Autoradiogram of TLC plate, showing  1,2-14C-acetate fed DCM extract 

of PCC 6803 that had been fractionated on a Ag+ ion column.  



 13 

Figure 3.19  Enhanced autoradiogram of complex lipid spot from Fig. 3.26 that had 

been fractionated using Si column chromatography. 

Figure 3.20  Autoradiogram of 1-14C-decanoic acid fed DCM extract of PCC 7937 

that had been fractionated on a Si column and ran on acetone/ toluene/ 

water solvent system. 

Figure 3.21  TLC plate ran on solvent system ethanol/ water 7:3. 

Figure 3.22  Probable identification of MGDG. 

Figure 3.23  Probable identification of DGDG. 

Figure 3.24  Probable identification of SQDG. 

Figure 3.25  Probable identification of PC. 

Figure 3.26  Probable identification of PG. 

Figure 3.27 Probable identification of PE.  

Figure 3.28  14C label from 1-14C-decanoic acid fed to cultures of E. coli (red bars), 

PCC 6803 (green bars), PCC 7120 (yellow bars) and PCC 7937 (blue 

bars) incorporated into different fractions. 

Figure 3.29  Autoradiograms of TLCs of medium, aqueous and DCM fractions in E. 

coli. 

Figure 3.30  Autoradiograms of TLCs of medium, aqueous and DCM fractions in 

PCC 6803. 

Figure 3.31  Autoradiograms of TLCs of medium, aqueous and DCM fractions in 

PCC 7120. 

Figure 3.32  Autoradiograms of TLCs of medium, aqueous and DCM fractions in 

PCC 7937. 

Figure 3.33  Extracted ion chromatograms for decanoic acid palmitic acid  and 

stearic acid taken from single QToF runs of spots where radioactivity 

was found to be on TLC plates of the aqueous phase in E. coli, PCC 

6803, PCC 7120 and PCC 7937. 



 14 

Figure 3.34  Extracted ion chromatograms of other fatty acids detected at lower 

abundance than in Fig. 3.33. 

Figure 3.35  Optimisation of annealing temperatures for fadD primers and PrbcL 

primers. 

Figure 3.36  Optimisation of PCR of the rbcL promoter from PCC 6803. 

Figure 3.37  Successful excision of RFP from pSBx cloning vectors. 

Figure 3.38  Colony PCR of fadD-containing fragment from 5 TOP10 colonies 

transformed with pSB1A3, showing ampification of 2 Kb fadD containing 

PCR product. 

Figure 3.39  PCR of PrbcL 

Figure 3.40  In-silico predicitons and observed in-vitro results of diagnostic restriction 

digests of pSBx vectors using NotI. 

Figure 3.41  Alignment of sequenced pSB1C3 containing PrbcL insert vs. in-silico 

predicted sequence. 

Figure 3.42  Alignment of sequenced pSB1A3 containing fadD insert vs. in-silico 

predicted sequence. 

Figure 3.43  Restriction digest of ccdB-containing pPMQAK1 with EcoRI and PstI. 

Figure 3.44  Colony PCR of PrbcL-fadD insert from pPMQAK1 using verfication 

primers, showing PrbcL-fadD-containing fragment at 2.3 Kb. 

Figure 3.45  Restriction digests of pPMQAK1 containing PrbcL and fadD using ScaI. 

Figure 3.46  DNA sequence of pPMQAK1 containing PrbcL and fadD. 

Figure 3.47  Growth of PCC 6803 colonies after spot mating at 14 days and 28 days. 

Figure 3.48  Contamination monitoring of PCC 6803 transformants by streaking on 

LB-agar plates. 

Figure 3.49  Growth curve of E. coli DH10B carrying the pPMQAK1 plasmid 

containing PrbcL and fadD, both with and without bacteriophage T4 

present in cultures. 



 15 

Figure 3.50  Contamination monitoring of PCC 6803 transformants by streaking on 

LB agar plates. 

Figure 3.51  750 bp fadR endogenous to E. coli only was amplified from total DNA of 

PCC 6803 transformants. 

Figure 3.52  PCR results from plasmid DNA extracted from PCC 6803 transformed 

with pPMQAK1 containing PrbcL and fadD. 

Figure 3.53  PCR of fadD taken from cDNA preparations of PCC 6803 transformants. 

Figure 3.54  Extracted ion chromatograms of each acyl-CoA detected in extracts of 

the PCC 6803 transformed with fadD gene from E. coli. 

Figure 3.55  Acyl-CoA synthetase activity expressed as DPM of free lauric acid 

converted to lauroyl-ACP per mg of protein per minute in crude protein 

extracts of E. coli, PCC 6803 wt and PCC 6803 fadD. 

Figure 3.56 Phylogenetic tree based on 16S rRNA sequence comparison. 

Figure 3.57  Agarose DNA gels of PCR products generated from β-oxidation genes 

in HICR111A. 

Figure 3.58  Agarose DNA gels of PCR products generated from β-oxidation cDNA 

transcripts in HICR111A. 

Figure 3.59  Extracted MRM chromatograms for acetyl-CoA and malonyl-CoA in 

extracts of HICR111A. 

Figure 3.60  Extracted MRMs for 18:0-CoA from extracts of HICR111A alone and 

with 75 µM spiked into the same extract. 

Figure 3.61 Comparison of initial rates of acyl-CoA dehydrogeanse activity as 

quantified by nmol of INT reduced per mg of protein in crude extract per 

minute in E. coli and HICR111A. 

Figure 3.62  Comparison of initial rates of acyl-CoA oxidase activity as quantified by 

nmol of purpurogallin produced per mg of protein in crude extract per 

minute in cress, PCC 6803, PCC 7120 and PCC 7937.  



 16 

Figure 3.63  Percentage of total 14C label from 1-14C-decanoic acid incorporated into 

different fractions by HICR111A over a 20 h period. 

Figure 3.64  Autoradiograms of TLCs of aqueous and DCM fractions in PCC 6803. 

Figure 3.65  EIC for decanoic acid palmitic acid and stearic acid (18:0; 284.2713 m/z) 

from single QToF runs of spots where radioactivity from 14C was found 

to be on TLC plates of the aqueous phase in HICR111A. 

Figure 3.66  Extracted ion chromatograms of other fatty acids detected at lower 

abundance than in Fig. 3.65. 

Figure 3.67  Optimization of PCR in order to determine the number of cycles where 

amplification remains linear. 

Figure 3.68  Effect of growth phase on expression of fatty acid biosynthesis genes in 

PCC 6803. 

Figure 3.69  Effect of feeding exogenous fatty acids, acetate and ethanol (control for 

fatty acids) on the expression of 13 fatty acid biosynthesis genes in PCC 

6803, relative to the control gene trpA. 

Figure 3.70  Sample DNA gel images of bands of PCR products of 13 fatty acid 

biosynthesis transcripts plus control gene trpA, amplified from cDNA of 

PCC 6803 that had been fed a range of fatty acids, acetate and ethanol. 

Figure 3.71  Concentrations of acetyl-CoA and malonyl-CoA are increased in 

extracts from PCC 6803 when acetate is fed for 24 h prior to harvesting. 

Figure 3.72  Average % of total label from 1,2-14C-acetate, fed to PCC 6803 that was 

incorporated into culture medium, aqueous phase, lipid phase after 

being fed acetate, decanoic acid, palmitic acid and stearic acid prior to 

labelling. 

Figure 4.1  Possible applications for acyl-CoAs in cyanobacteria. 

Figure 5.1  Growth curves of PCC 6803, PCC 7120 and PCC 7937. 

Figure 5.2  High concentrations of oleic acid is toxic to cyanobacteria. 

Figure 5.3  Light response curves of PCC 6803 and PCC 7120. 



 17 

Figure 5.4  Respiration rates of E. coli, PCC 6803 and PCC 7120, under normal 

conditions and light starved conditions. 

Figure 5.5  Example of a GCMS chromatogram. 

Figure 5.6  Heptadecane standard calibration curve. 

Figure 5.7  GCMS chromatogram of PCC 7120 when fed ethanol for 24 h. 

Figure 5.8 Heptadecane concentrations under a range of feeding conditions in 

PCC 6803. 

Figure 5.9  Protein classes based on function, detected in protein extracts of PCC 

6803 detected over 3 runs using nano-ESI-LC-QToF-MS. 

 

 

List of abbreviations 

ACN   acetonitrile 

ACP   acyl carrier protein 

ANOVA  analysis of variance 

ASW  artificial sea water 

BB   BioBrick 

BCCP   biotin carboxyl carrier protein 

BG-11   BG-11 cyanobacterial growth medium 

BLAST  Basic Local Alignment Search Tool 

bp   base pairs of DNA 

BSA   bovine serum albumin 

BSTFA  N,O¬-bis(trimethylsilyl)trifluoroacetamide 

cDNA   complementary DNA 

CID   collision-induced dissociation  

CoA   coenzyme A 

Da   daltons  

DCM   dichloromethane 



 18 

DGDG  digalactosyldiacylglycerol 

DMSO  dimethyl sulfoxide 

DPM   disintegrations per minute 

dsDNA  double stranded DNA 

DTT   dithiothreitol 

EDC   1-ethyl-3,3-dimethylaminopropylcarbodiimide 

EDTA   ethylenediaminetetraacetic acid disodium salt 

EIA   Energy Information Administration 

ESI   electrospray ionisation 

FAD   flavine adenine dinucleotide 

FadD   acyl-CoA synthetase  

FADH2  reduced flavine adenine dinucleotide 

FAME   fatty acid methyl ester 

FAR   fatty acyl reductase 

g   relative centrifugal force 

GCMS  gas chromatography mass spectrometry 

gDNA   genomic DNA 

HICR111A  Acaryochloris strain HICR111A 

HPLC   high performance liquid chromatography 

IAA   iodoacetamide  

IncP   incompatibility group P 

INT   iodonitrotetrazolium 

KAS   ketoacyl-ACP synthase 

Kb   Kilobase pairs 

KEGG   Kyoto Encyclopaedia of Genes and Genomes 

LB   Luria Bertani bacterial culture broth 

LC-MS  liquid chromatography mass spectrometry 

LC-QToF-MS  liquid chromatography quadrupole time of flight mass spectrometry 



 19 

LC-QQQ-MS  triple quadrupole liquid chromatography mass spectrometry 

m/z   mass to charge ratio 

MBIC 11017  Acaryochloris marina strain MBIC 11017 

MeOH   methanol 

MGDG  monogalactosyldiacylglycerol 

MRM   multiple reaction monitor 

mRNA   messenger RNA 

MS   mass spectrometer 

MS/MS  tandem mass spectrometer 

NADPH  nicotinamide adenine dinucleotide phosphate 

NCBI   National Center for Biotechnology Information 

NH4Ac  ammonium acetate 

NIST   National Institute of Standards and Technology 

nt   nucleotides 

OD   optical density 

OECD   Organisation for Economic Co-operation and Development  

OPEC   Organisation of the Petroleum Exporting Countries 

ORF   open reading frame 

PC   phophatidylcholine 

PCC 6714  Synechocystis strain PCC 6714 

PCC 6803  Synechocystis strain PCC 6803 

PCC 7120  Nostoc strain PCC 7120 

PCC 73102  Nostoc punctiforme strain PCC 73102 

PCC 7421  Gloeobacter violaceus strain PCC 7421 

PCC 7425  Cyanothece strain PCC 7425 

PCC 7937  Anabaena variabilis strain PCC 7937 

PCR   polymerase chain reaction 

PE   phosphoethanolamine 



 20 

Pfam   Protein Family Database 

PFD   photon flux density 

PG   phosphoglycerol 

PHA   polyhydroxyalkanoate 

PMS   phenazine methosulfate 

ppm   parts per million 

PrbcL   promoter region of RuBisCO large subunit gene 

QToF   quadrupole time-of-flight mass spectrometer 

RFP   red fluorescent protein 

rRNA   ribosomal RNA  

RT-PCR  reverse transcriptase polymerase chain reaction 

RuBisCO  ribulose bisphosphate carboxylase oxygenase 

SEM   standard error of mean 

SOB   super optimal broth 

SPE   solid phase extraction 

SQDG   sulfoquinovosyldiaylglycerol 

SRM   single reaction monitor 

TAE   tris-acetate-EDTA buffer 

TAG   triacylglycerol  

TE   tris-EDTA buffer 

TIC   total ion chromatogram 

TLC   thin layer chromatography 

U  enzymatic units – amount of enzyme required to catalyse 1 µmol of 

substrate per min at 25 °C.  

 


