Role of a non-coding RNA SprX in the expression of selected targets in Staphylococcus aureus

TABLE OF CONTENTS

LIST OF ABBREVIATIONS ...ttt s i
LIST OF FIGURES. ...ttt et s ii
LIST OF TABLES ... .ot nae e iv
ABSTRACT ettt bbbt e e be et re e nre s v
1. INTRODUCTION & REVIEW OF LITERATURE ..o, 7
1.1  Fine tuning the gene expression in bacteria: An introduction ..........c.c.ccccevueuene. 7
1.1.1  Modulation of tranSCrPLION .......cceivirierieiereree e e 7
1.1.2  Modulation of transIation ... 8
1.2 Small regulatory RNAS ..o 9
1.2.1  Classification of small regulatory RNAS .......ccccooiiriiiniinieneeneseeseees 10
1.3 Mechanism of SRNA mediated gene regulation ............ccccoceveivniennieniensiennnnnes 14
1.3.1  Positive and negative regulation of translation............c.ccoceevvereieiennennne. 14
1.3.2  Positive and negative regulation of MRNA stability..........c.ccocvvniiiinnnne 16
1.4  Identification and characterization of small RNAS .........cccccoriviiiiiinincinens 17
1.4.1  Biocomputational approach ... 17
1.42  RNOMICS @PPIOACKH ..cviviieiiiiicieiee et 18
1.4.3  Differential RNA-SEQUENCING ....ccevriiieiiriiinisiei e 18
R S B | T [P RS 19
T O I 1 - o TSR 19
T T € - o ST o SOOI SOTPRRPRTN 19
1.5 Identification of SRNA targets for discovery of SRNA function ....................... 19
151  Computational APProaChES........ccooiririrereieie e 20
1.5.2  Experimental approaches ..........ccoeiiieiiiiineineneeseese e 20
1.6  Staphylococcus aureus, an opportunistic PathoOgen .........ccoccoveereererinenieennens 22
1.7 Virulence factors Of S. @QUIEUS.........coieireiriirieise e 22
1.7.1  Cell wall associated virulence factors ..........c.ccoovvvereiiniisieneiesesee e 22
1.7.2  Secreted VIrUIENCE FACLONS ......ccveiiiiiiici s 25
1.8 Regulation of virulence factors in' S. @UIEUS........ccccuevverierierierieieresesese e, 27
1.8.1  Two COmMPONENt SYSTEM .....ooiiiiiieeeceeeee e 27
1.8.2 ST 1 RS 30

1.8.3  Alternative sigma factors, SigB .........cccccociiiiiii s 31



Role of a non-coding RNA SprX in the expression of selected targets in Staphylococcus aureus

1.9 sRNA discovery in StaphylOCOCCUS QUIEUS ...........cervrieeiiririeirieiee e 31
1.10 SRNA FegulON iN S. QUIBUS......coviuiiririeiririeiris et 32
1.10.1 sRNAs involved in metabolic regulation ...........cccoccoenieinniinncienncene, 32
1.10.2 sRNA linking quorum sensing and virulence regulation ..............cc.cccu...... 35
1.10.3 sRNAs expressed from the pathogenicity island..........c.ccoccoeviviiiiieinnnne 35
2. PRESENT STUDY ..ottt s nneas 37
3. MATERIALS AND METHODS ......cooi i 39
3.1 Bacterial strains, plasmids, and culture conditions............ccccoevvvevieiieninienieiennens 39
3.2 BiIoiNfOrmatiCs t0O0IS .......ocviiiiiieiriee e 40
3.2.1 INTARNA et b e sreenreean 40
322  IMIOId o 40
32,3 PHIMEIS .o 40
324 BPROM ...ttt 40
3.3 Molecular biology MEthOds. ..o s 40
3.3.1  GenomiC DNA eXIraClion ......ccccccereirerieineesesieese e 40
3.3.2  Plasmid DNA eXtraCtion ........ccouccereiirerisineesesineseseeesesesse e seesesseneens 40
3.3.3  Restriction enzyme digestion .........ccccviiiiiiiiiiiiiiiiie e 41
3.3.4  Polymerase Chain reaCtion .........c.ccocvviiiiiiiiniiiice e 41
3.3.5  Agarose gel electrophoresis and DNA elution ..........ccccoceveivvvincennicnenen 41
336 LEQALION 1.t 42
3.3.7  Transformation in E. COl ....cooviiiiiiiiiee e 43
3.3.8  Transformation 0f S. QUIBUS ........ccccoiiiiiiriirere e 43
3.4 Construction of sprX KnoCKAOWN StraiN .........cceveiiieininieieee e 44
3.5 ProtEOMIC STUIES .....ueieiiiiiietieeeste e 44
3.5.1  Preparation of proteins for two-dimensional gel electrophoresis.............. 44
3.5.2  Isoelectric focusing (IEF), 2D-PAGE and protein identification .............. 44
3.5.3  SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE).........cccccocvvvruenene. 45
3.5.4  Colloidal Coomassie staining with CBB G-250..........cccccoevvvviiniinienininnens 46
355 SHIVEr STAINING.....cciiiiiciiice et 46
3.6 Preparation of extracellular and cell wall associated autolysins............c........... 46
3.6. 1 ZYMOGIAPNY ..evieiiciiiicieesee st 47
3.7 RNA isolation and quantitative real time PCR .........cccccoviiiiienicicnicene, 47

3.8  Triton X-100-induced autolySiS 8SSAY ........courerveermririririeirisieesesiee e 47



Role of a non-coding RNA SprX in the expression of selected targets in Staphylococcus aureus

3.9 Observation of cell morphology and analysis of cell clustering............c...c...... 48
310 BIOTIIM @SSAY ....iiieeiiiieiiiie e 48
3.11 Invitro transcription and RNA [abeling........ccooooviiiiiiiiiiceeee, 48
3.12 Electrophoretic Mobility Shift Assay (EMSA) ..., 49
4, RESULTS AND DISCUSSION .....coooiiiiiiiiie it 50
4.1 SprX, highly conserved small RNA expresses in S. @ureus .........ccccoeeverierienns 50
4.2 Construction of a modified strain of SPrX ..o 50
4.3  Expression analysis of small RNA SprX in S. aureus Newman ............ccco...... 52
4.4  SprX differentially regulates the protein profile in S. aureus Newman............ 53
4.5  SprX regulates the expression Of ISAA ..o 55
4.6 SprX binds at 3 coding region of ISAA MRNA ..o, 56
4.7  SprX modulates the expression of autolysins in S. aureus Newman ................ 56

4.8 sprX knockdown, an autolysin deficient strain, exhibits altered phenotypes ... 59

4.9 SprX regulates the genes involved in cell wall metabolism in S. aureus

INEWIMIAN. ...t n e n e nenen e 62
4.10 SprX interacts with WalR, a positive regulator of autolysin ...........cccoceevrnnee. 64
4.11 Role of SprX in the complex network of regulation of autolysins.................... 65
5. SUMMARY ..ottt 70
6. REFERENCES. ... 72
APPENDIX L.ttt 92
APPEND X Tttt 93
APPENDIX T ettt 95
PUBLICATION .ottt 96

POSTER PRESENTATION ..ot 96



