
i 

 

 
 

 

 

University of Strathclyde 
 

Strathclyde Institute of Pharmacy and Biomedical Sciences 

(SIPBS) 

 

 

 

 

The role of phospholipids in the growth and 

development of Streptomyces  
 

by 

                                              KHANUNGKAN KLANBUT  

 

A thesis presented in fulfilment of the requirements for 

the degree of Doctor of Philosophy 

 

2013 

 



ii 

 

 

Dedication 
 

 
 

 

To my Mum and Dad, my family and my beloved husband Songkran Pintarin 

without your love and support this thesis would not have been written. 

To my sponsor and special to my supervisor Dr.Paul R. Herron for their supports 

and encouragements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 

 

Declaration 

 

This thesis is the result of the author’s original research. It has been composed by the 

author and has not been previously submitted for examination, which has led to the award 

of the degree. 

 

The copy right of this thesis belongs to the author under the term of the United Kingdom 

copyright Acts as qualified by University of Strathclyde Regulation 3.50. Due to 

acknowledgement must always be made of the use of any material contain in, or derived 

from, this thesis. 

 

 

 

 

Khanungkan Klanbut  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

Acknowledgements  

 

I would firstly like to sincerely thank Dr. Paul R. Herron, my supervisor, for his excellent 

supervisions and for looking after me with the great support and patience during the 

hardest of my PhD study.  

I am gratefully thankful The Royal Thai Government Scholarship for supporting a grant 

for me over four years, specially thanks to my workplace, King Mongkut's 

Institute of Technology Ladkrabang (KMITL), in Thailand for giving me the great 

chance and supporting in studying abroad and my all teachers who did teach me. 

I also would like to thank to all my fellow lab mates and departmental friends from over 

the years for their friendship and support, Leena, John T, Alison, Charles, Richard, 

Maeidh, Kirsty, Jana, Lewis, Cesar, Hazniza, Helena, Vartul, Florence, Andy, Bharath, 

Vinod, Laura, Zhenyu and Dan,  staffs on the sixth floor, technicians, official and IT 

staffs who involving in my working, even though the name of all people cannot be 

written here, they are a part of this thesis as well.  

Finally, I am thanks to all my dear Thai PhD students since the first day when I arrived 

and leave Glasgow, for every giving helps for my study and also sharing happy times. 

Finally thanks to Mom, Dad, Grandpa, Granma, my brother, my sister and my beloved 

husband Karn, without any word and I would like to say with half smile “Finally my long 

journey had been finished”.  

 

 

 

 

 

 

 

 

 



v 

 

Contents 

Table of Contents ..........................................................................................................  v 

List of Figures. ..............................................................................................................  x 

List of Tables.................................................................................................................. xv 

List of Abbreviations .................................................................................................... xvi 

Abstract ........................................................................................................................  xix 

 

Chapter 1 General Introduction .................................................................................. 1 

1.1 The Taxonomy of Streptomyces .............................................................................. 2 

1.2 Characteristics of the genus Streptomyces ............................................................. 2 

       1.2.1 Streptomyces coelicolor .................................................................................. 3 

       1.2.2 Streptomyces venezuelae ................................................................................. 5 

1.3 Developmental biology of Streptomyces ................................................................. 5 

       1.3.1 Physiological differentiation of streptomycetes............................................... 6 

       1.3.2 Morphological differentiation of streptomycetes............................................. 8 

                1.3.2.1 Growth of streptomycetes substrate hyphae ........................................ 9 

                1.3.2.2 Erection of aerial hyphae. .................................................................. 11 

                1.3.2.3 Differentiation of aerial hyphae to spores.......................................... 18 

1.4 Involvement of phospholipids in bacterial growth….......................................... 24 

       1.4.1 Cardiolipin...................................................................................................... 26 

1.5 Biosynthesis of phospholipids by Streptomyces.................................................... 30 

       1.5.1 Phospholipid extraction form bacteria............................................................ 31 

1.6 Aims of this thesis................................................................................................... 32 

Chapter 2 Materials and Methods.............................................................................. 33 

2.1 Bacterial strains and plasmids used in this study ............................................... 34 

2.2 Media used for cultivation of bacterial strains ................................................... 34 

2.3 Preparation of chemicals and antibiotics ............................................................ 37 

2.4 Preparation of Streptomyces spore suspensions .................................................. 38 

2.5 DNA Isolation ........................................................................................................ 38 



vi 

 

      2.5.1 Small scale isolation of plasmid DNA from E. coli ........................................ 38 

      2.5.2 Wizard
®

Plus SV Minipreps DNA Purification System (Promega) ................ 39 

2.6 DNA restriction digestion ...................................................................................... 40 

2.7 Agarose gel electrophoresis. .................................................................................. 41 

2.8 Isolation of genomic DNA from S. coelicolor M145 ............................................ 41 

2.9 Polymerase chain Reaction (PCR) ........................................................................ 42 

2.10 Reverse Transcriptase PCR (RT-PCR) .............................................................. 43 

       2.10.1 RNA extraction from Streptomyces .............................................................. 43 

                  2.10.1.1 Growth on solid medium ..............................................,................. 43 

                  2.10.1.2 Spore pregermination and inoculation ............................................ 44 

                  2.10.1.3 Harvesting biomass for RNA extraction ......................................... 44 

                  2.10.1.4 RNA extraction part 1 ..................................................................... 44 

                  2.10.1.5 RNA extraction part 2 ..................................................................... 45 

                  2.10.1.6 Removal of DNA contamination from RNA samples .................... 45 

                  2.10.1.7 Determination of RNA yield ........................................................... 46 

       2.10.2 Semi-quantitative RT-PCR ........................................................................... 46 

2.11 Phospholipids Extraction ..................................................................................... 50 

       2.11.1 PLs Extraction from Plates ........................................................................... 50 

       2.11.2 PLs extraction from Liquid culture .............................................................. 51 

                  2.11.2.1 Pre-germination of Streptomyces spores ........................................ 51 

                  2.11.2.2 Quantification of PL spots by densitometry ................................   52 

2.12 Streptomyces venezuelae ....................................................................................... 52 

       2.12.1 Strains and growth conditions ...................................................................... 52 

       2.12.2 Sporulation assay .......................................................................................... 52 

       2.12.3 Phase contrast microscopy ............................................................................ 53 

Chapter 3 Investigation of the transcriptional profile of S. coelicolor biosynthetic 

genes: mRNA isolation and Optimization .................................................................. 54 

3.1 Introduction to Chapter 3 ...................................................................................... 55 

3.2 PCR optimization .................................................................................................... 61 



vii 

 

       3.2.1 Design of primers for detection of PL gene expression by RT-PCR ............ 61 

       3.2.2 Genomic DNA isolation from S. coelicolor M145 ....................................... 62 

       3.2.3 Optimization of MgCl2 for amplification of S. coelicolor biosynthetic genes 

................................................................................................................................ 64 

       3.2.4 Optimization of annealing temperature for amplification of S. coelicolor 

biosynthetic genes ................................................................................................. 67 

3.3 Reverse Transcriptase PCR (RT-PCR) .............................................................. 71 

      3.3.1 RNA isolation from S. coelicolor .................................................................. 71 

3.3.1.1 Optimization of RNA yield from S. coelicolor for RT-PCR ............ 71 

      3.3.2 Removal of DNA from RNA templates ......................................................... 73 

3.4 Expression of PL biosynthetic genes during growth of S. coelicolor................. 76 

3.5 Determination of Changes in PL Profile during S. coelicolor Development 

........................................................................................................................................ 82 

      3.5.1 PL identification through comparison with known PL standards by TLC ..... 82      

3.5.2 Development of PL biosynthetic genes during growth of S. coelicolor ......... 84  

3.6 Conclusions to Chapter 3 ...................................................................................... 86 

Chapter 4 Characterization of mutants defective in CL biosynthesis of S. coelicolor  

........................................................................................................................................ 90 

4.1 Introduction to Chapter 4 ..................................................................................... 91 

4.2 Effect of atc concentration on S. coelicolor PL profile on solid cultures 

........................................................................................................................................ 96 

4.2.1 Depletion of SCO1389 affects the growth and sporulation in S. Coelicolor   

.................................................................................................................................. 96 

4.2.2 Induction of SCO1389 by ATC in S. coelicolor RJ118b ............................... 98 

      4.2.3 Effect of ATC concentration on S. coelicolor RJ118b PL profile ............... 101 

           4.2.3.1 Quantification of PL spots induced in S. coelicolor RJ118b by  

densitometry ................................................................................................ 104 

4.3 Determination of induction and inhibition of SCO1389 expression in liquid 

cultures ....................................................................................................................... 108 



viii 

 

4.3.1 Analysis of SCO1389 expression and PL profile in liquid cultures ............. 108 

4.3.2 Optimization of RT-PCR for detection of antisense SCO1389 mRNA produced 

by S. coelicolor RJ116 ............................................................................................. 115 

4.4 Conclusions to Chapter 4 ...................................................................................... 119 

Chapter 5 Changes in the PL profile of S. coelicolor M145 during batch and fed-

batch fermentations ..................................................................................................... 122 

5.1 Introduction to Chapter 5...................................................................................... 123 

5.2 Changes in the PL profile of S. coelicolor M145 on solid cultures at different 

glucose concentrations ................................................................................................. 126 

5.3 Effect of glucose supplementation on S. coelicolor PL profile during growth in 

liquid culture ................................................................................................................ 132 

5.3.1 Growth and Development of PL profile of S. coelicolor M145 in Liquid cultures 

at different concentrations of glucose ...................................................................... 132 

5.4 Changes in the PL profile of S. coelicolor M145 in Liquid cultures grown as  

batch and fed-batch cultures ...................................................................................... 139 

5.5 Conclusion to Chapter 5 ........................................................................................ 148 

Chapter 6 Analysis of PL profile of Streptomyces bld and whi mutants ................. 151 

6.1 Introduction to Chapter 6 ..................................................................................... 152 

6.2 Expression of PL biosynthetic genes during growth of S. coelicolor M145, S. 

coelicolorΔbldA and S. coelicolorΔwhiD ..................................................................... 155 

      6.2.1 Growth of S. coelicolor M145, bldA and whiD in Liquid cultures ................ 155 

6.2.2 Expression of PL biosynthetic genes during growth of S. coelicolor, S. 

coelicolorΔbldA and S. coelicolorΔwhiD by semi quantitative RT-PCR 

....................................................................................................................... 158 

      6.2.3 PL profiles from S. coelicolor M145, S. coelicolorΔbldA and S. 

coelicolorΔwhiD Phospholipid extraction ............................................................... 163 

6.3 Sporulation of S. venezuelae in submerged cultures ........................................... 165 

      6.3.1 Determination of S. venezuelae sporulation in liquid culture ......................... 165 



ix 

 

6.3.2 Analysis of submerged S. venezuelae sporulation by phase contrast and Z-stack 

microscopy ............................................................................................................ 168 

6.3.3 Analysis of PLs during submerged sporulation of S. venezuelae 

................................................................................................................................ 172 

6.4 Conclusion to Chapter 6 ..................................................................................... 175 

Chapter 7 General Discussion & Future work ....................................................... 178 

7.1 General Discussion .............................................................................................. 179 

7.2 Future work ......................................................................................................... 195 

References .................................................................................................................. 198 

Publication ................................................................................................................. 212 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 

 

List of Figures 

 

Fig. 1.1 The Life cycle of S. coelicolor …......................................................................... 4 

Fig. 1.2 Roles of developmental genes in the morphological differentiation of S. 

coelicolor .......................................................................................................................   12 

Fig. 1.3 Model for the role of the chaplins and SapB in streptomycete morphogenesis 

.......................................................................................................................................... 15 

Fig. 1.4 The Sporulation regulatory network in S. coelicolor ......................................... 20 

Fig. 1.5 Cardiolipin structure ........................................................................................... 29 

Fig. 1.6 Major PLs and their biosynthetic enzymes in S. coelicolor ..............................  31 

Fig. 3.1 Genomic DNA isolated from S. coelicolor for use as PCR DNA template  

at dilution 10
-1

, 10
-2

 and 10
-3

X when digested with Sal I, Pst I and Xba I ..................... 63 

Fig. 3.2 MgCl2 Optimization compared for 5x Go Taq® Reaction buffer, 5x Go Taq® 

Flexi buffer and 10X Qiagen HotStarTaq® buffer with hrdB and SCO1389 primers 

........................................................................................................................................... 66 

Fig. 3.3 Annealing temperature Optimization for amplification of S. coelicolor 

biosynthetic genes ............................................................................................................ 69 

Fig. 3.4 Appearance of total nucleic acid (TNA) and RNA of S. coelicolor at different 

harvesting times ............................................................................................................... 72 

Fig. 3.5 RT-PCR products generated from RNA purified from S. coelicolor  

M145 cultures at 36 h amplified with hrdB and SCO1389 primers …………….......... 74 

Fig. 3.6 Verification of RT-PCR products generated from RNA purified from S. 

coelicolor M145 culture at 36 h and amplified with hrdB, SCO1389, SCO1527,  

SCO5628, SCO5753, SCO6467 and SCO6468 primers................................................... 74 

Fig. 3.7 Quantification of PL biosynthetic gene expression by RT-PCR, agarose gel 

electrophoresis and densitometry ..........................................................…….................. 77 

Fig. 3.8 Verification of RT-PCR products generated from three set of RNA samples 

purified from S. coelicolor M145 .................................................................................... 79 

Fig. 3.9 TLC Analysis of PL standards ........................................................................... 83 



xi 

 

Fig. 3.10 Total PLs extracted from 100 mg wet mass of plate grown S. coelicolor M145 

during development ......................................................................................................... 85 

Fig. 4.1 Construction of depletion strain RJ118b ............................................................ 93 

Fig. 4.2 Construction of depletion strain RJ116 .............................................................. 94 

Fig. 4.3 Effect of MgSO4 and ATC on S. coelicolor M145 and RJ118b development 

when cultured on 3MA and MS agar ............................................................................... 97 

Fig. 4.4 Verification of RT-PCR products generated from three set of RNA samples 

purified from S. coelicolor M145 and RJ118b ……….................................................... 99 

Fig. 4.5 Relative SCO1389 expression by semi quantitative RT-PCR from 3 set of RNA 

samples purified from S. coelicolor M145 and RJ118b ................................................ 100 

Fig. 4.6 Seperation of PLs extracted from 100 mg at 48 h wet mass of plate grown S. 

coelicolor M145 and RJ118b at different concentrations of ATC at 48 h .................... 102
 

Fig. 4.7 Separation of PLs extracted from 100 mg wet mass of liquid grown S. coelicolor 

M145 and RJ118b at different concentrations of ATC at 48 h ...................................... 103 

Fig. 4.8 The percentage PLs composition of S. coelicolor M145 and RJ118b at different 

ATC concentrations (0, 1, 2, 4 and 6 ng ml-1) .............................................................. 107 

Fig. 4.9 Verification of RT-PCR products generated from RNA samples purified from S. 

coelicolor M145, RJ118b, RJ116 and RJ117................................................................. 109 

Fig. 4.10 Development of PLs extracted from 100 mg wet mass at 24 h of S. coelicolor 

M145, RJ118b RJ116 and RJ117 art different concentrations of ATC in liquid YEME  

........................................................................................................................................ 111 

Fig. 4.11 The percentage PL composition of S. coelicolor M145, RJ118b, RJ116 and 

RJ117 from single sample at different concentrations of ATC (0, 1 and 10 ng ml
-1

) 

........................................................................................................................................ 114 

Fig. 4.12 Verification of RT-PCR products generated from RNA samples purified from S. 

coelicolor M145, RJ118b, RJ116 and RJ117 ................................................................ 117 

Fig. 5.1 Separation of PLs extracted from 100 mg wet mass of YEME agar-grown S. 

coelicolor M145 at different concentrations of glucose at 36 and 48 h ....................... 127 

Fig. 5.2 The percentage PL composition of S. coelicolor grown on YEME plates ..... 129 



xii 

 

Fig. 5.3 S. coelicolor M145 growth in YEME grown at different concentrations of 

glucose ........................................................................................................................... 133  

Fig. 5.4 Growth curve of S. coelicolor M145 in YEME medium from single sample 

measured every 3 h at from 9 h until 33 h ..................................................................... 133 

Fig. 5.5 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor M145 at different concentrations of glucose at 9 and 12 h ......................... 135 

Fig. 5.6 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor M145 at different concentrations of glucose at 15 and 18 h ....................... 135 

Fig. 5.7 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor M145 at different concentrations of glucose at 21 and 24 h ....................... 136 

Fig. 5.8 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor M145 at different concentrations of glucose at 27 and 30 h ....................... 136 

Fig. 5.9 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor M145 at different concentrations of glucose at 33 h .................................... 137 

Fig. 5.10 Growth of S. coelicolor in YEME when grown as batch and fed batch cultures 

........................................................................................................................................ 141 

Fig. 5.11 Growth curve of S. coelicolor M145 in YEME medium from single sample and 

measured at 9, 16, 24, 36, 44, 48, 64, 72, 84 and 90 h .................................................. 141 

Fig. 5.12 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor grown as batch and fed-batch cultures at 9 and 16 h .................................... 142 

Fig. 5.13 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor grown as batch and fed-batch cultures at 24 and 36 h ................................. 143 

Fig. 5.14 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor grown as batch and fed-batch cultures at 44 and 48 h ................................. 143 

Fig. 5.15 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor grown as batch and fed-batch cultures at 64 and 72 h ................................. 144 

Fig. 5.16 Separation of PLs extracted from 100 mg wet mass of YEME liquid-grown S. 

coelicolor grown as batch and fed-batch cultures at 84 and 96 h ................................. 144 



xiii 

 

Fig. 5.17 Percentage of PLs extracted from 100 mg wet mass of S. coelicolor in YEME 

liquid-grown from single sample as batch and fed-batch cultures ................................ 146 

Fig. 6.1 Dry weight (mg 5 ml
-1

) of S. coelicolor M145, S. coelicolorΔbldA and S. 

coelicolorΔwhiD in YEME medium without sucrose and measured every 3 h ........... 156 

Fig. 6.2 RT-PCR products generated from RNA purified from S. coelicolor M145, S. 

coelicolorΔbldA and S. coelicolorΔwhiD cultures at 18, 24 and 30 h using hrdB primers 

......................................................................................................................................... 159 

Fig. 6.3 Verification of RT-PCR products generated from PL biosynthetic genes from S. 

coelicolor M145, S. coelicolorΔbldA and S. coelicolorΔwhiD cultures ...................... 160 

Fig. 6.4 Relative expression by semi quantitative RT-PCR from RNA samples generated 

from S. coelicolor M145, S. coelicolorΔbldA and S. coelicolorΔwhiD cultures from 

single sample ................................................................................................................. 161 

Fig. 6.5 Total PLs extracted from 100 mg wet mass of S. coelicolor M145,  S. 

coelicolorΔwhiD and S. coelicolorΔbldA at 16, 24 and 48 h ....................................... 164 

Fig. 6.6 Measurement of S. venezuelae submerged sporulation by lysozyme resistance 

........................................................................................................................................ 166 

Fig. 6.7 Phase contrast and Z-stack microscopy of S. venezuelae 10712, S. 

venezuelaeΔbldN and S. venezuelaeΔwhiA grown in LS medium with galactose (5%) and 

ammonium sulphate (2 g l
-1

) .......................................................................................... 169 

Fig. 6.8 Preparation of S. venezuelae inoculums for submerged sporulation ............... 170 

Fig. 6.9 Phase contrast microscopy of S. venezuelae 10712, S. venezuelaeΔbldN and S. 

venezuelaeΔwhiA grown in MYM medium with galactose (5%) and ammonium sulphate 

(2 g l
-1

) ............................................................................................................................ 171 

Fig. 6.10 Total PLs extracted from 200 mg wet mass of S. venezuelae 10712, S. 

venezuelaeΔbldN and S. venezuelaeΔwhiD grown in MYM medium with galactose (5%) 

and ammonium sulphate (2 g l
-1

) ................................................................................... 173 

 

 

 



xiv 

 

 

List of Tables 

 

Table 2.1 Bacterial strains and plasmids ......................................................................... 34 

Table 2.2 Chemicals and reagents used ........................................................................... 37 

Table 2.3 Supplemented antibiotics ................................................................................. 37 

Table 2.4 Predicted PL biosynthetic genes for S. coelicolor ........................................... 49 

Table 3.1 DNA concentration of genomic DNA carried using the Nanodrop 

spectrophotometer ............................................................................................................ 62 

Table 3.2 Components of PCR reaction for final Mg
2+

 Concentration ........................... 65 

Table 3.3 RNA yield determined using the NanoDrop RNA program............................. 72 

Table 6.1 Survival (%) of S. venezuelae strains after treatment with lysozyme ............ 167 

 

 

 

 

 

 

 

 

 

 

 



xv 

 

 

Abbreviations 

Standard Units 

°C - Degress Celsius 

g – gram 

k – kilo 

L – litre 

M – Molar 

ml – Milliliters 

mM – Millimolar 

µg – Microgrames 

µl – Microliters 

μm – Micrometres 

ng - Nanogrames 

pmol – picamolar 

Psi – pounds per square inch 

V – volt 

W – Watt 

σ-sigma 

μ-micro 

α-alpha 

Δ-mutant 

~-more or less 

β-beta 

λ-lambda 

DNA Bases 

A - Adenine 

C – Cytosine 

G – Guanine 

T – Thymine 

U – Uracil 

 

 

 



xvi 

 

 

 

Textual abbreviations 
am – apramycin 

atc – Anhydrotetracyline 

amp – amplicillin 

BLAST – Basic local alignment tool 

bp – base pairs 

C – concentration 

CL – cardiolipin   

Cls – cardiolipin synthase  

DNA – Deoxyribonucleic acid 

DNase – Deoxyribonulease 

cDNA – complementary DNA 

dNTP – dinucleoside 5’-triphosphate 

EDTA – Ethylendiaminotetraacetic acid 

Etbr – ethidium bromide 

G/C – guanine/cytosine content 

gs – pre-germinated spores  

HCl – hydrochloric acid 

Hyg – hygromycin 

kb – kilobase 

km – Kanamycin 

L – litre 

LB – Lennox Broth 

MgCl2 – magnesium chloride 

mL – millilitre 

mM – millimolar 

MS – Mannitol Soya 

MYM – Mannitol salt agar 

NaCl – sodium chloride 

NAO – 10 nonyl acridine orange 

NaOH – sodium hydroxide 

OD – optical density 

PCR – Polymerase chain reaction 

RT-PCR – Reverse transcriptase- Polymerase chain reaction 

PA – phosphatidic acid 



xvii 

 

PG – phosphotidylglycerol 

PE–  phosphatidyl ethanolamine 

pH – Potential of Hydrogen 

PI – phosphatidyl Inositol. 

PL – phospholipid 

PS – phosphatidyl serine 

RNA – ribonucleic acid 

rpm – revolutions per minute 

RNase – Ribonuclease 

SDS – sodium deodecyl sulphate 

SDW – sterile distilled water 

sp – species 

TAE – Tris-acetate-EDTA 

TES – tris (hydroxymethyl) methyl-2-aminoethanesulphonic acid buffer 

tetr – tetracycline 

TLC – thin-layer chromatography  

Tm – melting temperature 

Tris – Trishydroxymethylaminomethane 

tstr – thiostrepton 

UV – ultra violet light 

V – volume  

v/v – volume to volume ratio 

w/w – weight to weight ratio 

w/v –  weight to volume ratio 

YEME – Yeast Extract-Malt Extract Medium 

 

    

 

 

 

 

 

 

 

 

 



xviii 

 

 

Abstract 

 

Whilst much is known about the development of the complex bacterium 

Streptomyces coelicolor, the role of membrane heterogeneity in this process has not been 

investigated. Six genes are thought to be responsible for phospholipid biosynthesis in S. 

coelicolor, SCO1389, SCO1527, SCO5628, SCO5753, SCO6467 and SCO6468. 

SCO1389 is predicted to encode a cardiolipin synthase that is an essential gene in this 

organism. When this gene was placed under the control of an inducible promoter, the 

strain developed poorly on agar, unless supplemented with the inducer of the promoter. 

We demonstrated that expression of SCO1389 and phospolipids became dependent on 

addition of the inducer to this strain. In order to determine if phospholipids play a role in 

growth and morphogenesis in S. coelicolor, mRNA from plate grown-cultures was 

extracted at different developmental stages and analyzed by RT-PCR to detect expression 

of the phospholipid biosynthetic genes. No amplification products were detected in the 

absence of mRNA confirming that amplification products are mRNA dependent. Semi-

quantitative analysis showed differential expression of these genes at different harvesting 

times. We also investigated the effect of glucose concentration in both solid and liquid 

grown YEME cultures in order to discover if this important nutrient source played a role 

in the determination of the PL content of the membrane. Further studies were carried out 

on the involvement of PLs in the development of S. coelicolor in strains that carried 

mutations in bldA and whiD. This effect was more pronounced in S. coelicolorΔbldA and 
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S. coelicolorΔwhiD.  We also investigated the involvement of PLs during development in 

Streptomyces venezuelae as this organism is able to undergo sporulation in liquid culture 

and therefore offered the opportunity to isolate large amounts of PLs at different stages of 

submerged sporulation. Taken together our results demonstrate that there are some 

changes that take place in the PL profile of streptomycetes during development, but 

changes in cardiolipin levels appeared to show the greatest fluctuations. 

 

 


