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Abstract

Pseudomonas aeruginosa is an opportunistic pathogen; infecting insects, plants and
humans. It is of particular relevance to cystic fibrosis (CF) patients where it causes
pulmonary infection and the leading cause of morbidity and mortality.

The CF lung environment selects for a variant of P. aeruginosa characterised by the
overproduction of an exopolysaccharide called alginate. It has been hypothesized that
outer membrane protein AIgE forms a channel through which alginate is secreted into
the extracellular environment. Furthermore, studies have suggested that proteins
involved in the polymerisation, modification and export of alginate form a multiprotein
complex that span the bacterial envelope. The aim of this thesis was to investigate the
role of AIgE in polymerisation and secretion of alginate. For this purpose algE
knockout mutant was created in PDO300. Results showed that AlgE does not have a
role in alginate polymerisation however it has a role in secretion of alginate and stability
of the alginate biosynthesis machinery. By performing FLAG epitope insertion
mutagenesis the topology of AIgE was verified and site-directed mutagenesis further
showed that the positive electrostatic field inside the AIgE lumen is required for
efficient secretion of negatively charged alginate. By employing mutual stability
analysis, evidence was provided for the existence of trans-envelope multiprotein
complex required for alginate biosynthesis. Co-immuniprecipitaion assay suggest that
AlgE interacts with periplasmic located AlgK and, most probably, this interaction is
mediated by the peripasmic turn 4 of AlgE. Pull-down assays further showed that AlgK
interacts with another periplasmic protein AlgX which in turn interacts with the inner
membrane protein Alg44. Based on mutual stability analysis it was proposed that Alg44
interacts with Alg8 which might interacts with AlgG as well. Our results also support

the existence of internal promoters for AlgE and AlgG.



Preface

The format of this thesis complies with the “submission of thesis based on publications”
as described in the latest version of the Handbook for Doctoral studies, version 7,
published by the Massy University doctoral research committee (January 2011).

The following sections of this thesis have been published in internationally peer-

reviewed journals.
Chapter 11

Hay ID, Rehman ZU, Ghafoor A and Rehm BHA (2010). Bacterial biosynthesis of
alginates. Journal of Chemical Technology and Biotechnology 85: 752-759

Chapter 111

Hay ID, Rehman ZU and Rehm BHA (2010). Membrane topology of outer membrane
protein AlgE, which is required for alginate production in Pseudomonas aeruginosa.
Applied and Enviornmental Microbiology 76: 1806-1812

Chapter 1V

Rehman ZU, Rehm BHA (2013). The dual roles of Pseudomonas aeruginosa AlgE in
secretion of the virulence factor, alginate, and formation of the secretion complex

Applied and Enviornmental Microbiology 79: 2002-2011.
Chapter V

Rehman ZU, Wang Y, Moradali MF, Hay ID, Rehm BHA (2012). Insight into assembly
of the alginate biosynthesis machinery in Pseudomonas aeruginosa. Applied and

Enviornmental Microbiology (just accepted)



Contributions Rehman ZU made to publications are as follows

Chapter Il: This review was drafted by I.LD.H, Z.UR and A.G and finalised by
B.H.A.R

Chapter I11: Plasmid pEX100T:AalgE was made by U.R. Plasmid pBBR1MCSS5:algE
was made by IDH. PDO300AalgE was made by Z.U.R and complementation was done
by Z.U.R. FLAG tag variants of algE were made by Z.U.R. Alginate quantification was
done by Z.U.R. Outer membrane protein isolation and immunoblotting was done by

[.D.H. Manuscript was drafted by I.D.H and Z.U.R and finalised B.H.A.R.

ChapterlV: All of the experimental work was done by Z.U.R. Manuscript was drafted
by Z.U.R and finalised by B.H.A.R.

Chapter V: Plasmids for chromosomal integration of all the genes was designed and
made by Z.U.R. Chromosomal integration of alg8, alg44, algE, algX, and mucD was
done by Z.U.R. For these strains isolation of envelope fraction, immunoblotting and
alginate quantification was done by Z.U.R. AlgE co-immunoprecipitation was done by
Z.U.R. PDO300AalgK knock-out and its complementation was done by Y.W. AlgK
pull-down was done by Y.W and Alg44 pull-down was performed by M.F.M. Strains
PAO1AalgE and PDO300 Aalg44AalgX were created by 1.D.H. Manuscript was mainly
drafted by Z.U.R and finalised B.H.A.R.

DNA sequencing was provided by external services.

This is to certify that above mentioned work was conducted by Zahid Ur Rehman.

Signature Date Signature Date

Prof. Bernd H.A. Rehm Zahid ur Rehman



Acknowledgements

First of all I am thankful to Allah who gave me the opportunity to come to a beautiful
country and study with a very nice and active research group.

I am very thankful to my supervisor Bernd H. A. Rehm for all the guidance and
encouragement through the hard times. Many thanks to my co-supervisor Zoe Jordans
for her support and help in writing my PhD thesis. I am very thankful to Iain David Hay
for being so helpful with everything during my whole PhD. Many thanks to our lab
manager Natalie Burr for her help in writing and proof-reading my drafts. Also, I would
like to thank all the members of Rehm group for their help during my stay and studies in
New Zealand.

Thanks to Ann, Cynthia and Pat for being so nice and helpful in doing all of the paper
work during my PhD. I am also thankful to Paul, Katrina and Tara in helping out with

the ordering of chemicals and also in money side of thing.

I am very thankful to my parents for their patience, prayers and love which gave me
strength to carry on. I am thankful to my wife for being too helpful and loving during
this time. Also the love of my daughter was a source of encouragement for me during

tough times.

I would like like to thank all my friends for their enjoyable and wonderful company

during my stay in New Zealand.

Finally many thanks to Massey University and IMBS for all the support.

Vi



Table of contents

Abstract i
Preface iv
List of tables ix
List of figures X
Chapter | 1
Biosynthesis of extracellular polysaccharides............cccoveveiieriieniiiiiienierieeieeeeee e, 3
Polysaccharides produced by Pseudomonas aeruginosa.............cccceeeveeveeveeeveeneeneenne. 6
Pl DIOSYNTNESIS ....vveeiiieeeiieece e et e e e e e e aaeeenneas 7
PSIDIOSYNENESTS ...eeuviiieiieie ettt ettt 9
Alginate BIOSYNTRESIS ...ccuveiuiiiiiiiiieie e 10
Outer MEMDIANE PIOLEINS ...eeevvieeiieeeiiieeeiieeeteeeeteeeeteeeeeaeeesseeesreeesbeeessseeessseeensseeennns 11
Chapter 11 13
F N 0] 1 ¢ To] ARSI SRPRPR 14
INEFOAUCTION ...ttt e et e et e et e e e tbeeeabeeeaseeenseeensseeennns 15
Genetics of bacterial alginate bioSynthesis..........cocoevierieiirierieerecceeeee s 16
Biosynthesis Of algiNate...........cooueiieiiiiiiiiieeseeeee e 20
Regulation of bacterial alginate bioSynthesis ..........cccoooueviiiniiiiiinieiieee e 24
Applications of bacterial alginates ............cceeveeriiiiiiiiiieeee e 26
Chapter 111 28
ADSETACT ...ttt sttt st e 29
INEEOAUCTION ...ttt s 30
Materials and Methods ..........cooiiiiiiiiiiie e 32
RESULILS ..ttt ettt sttt et aee e 39
DIESCUSSION ..ttt ettt ettt e st e et e s et e e bt e s ateenbeesaeeenbeesseeenseesneeenne 45
ACKNOWIEZIMENLS ..ottt et e e sae e et eeeneeeeaneeenes 48
Supplementary Material ...........cc.oeeiiiiiiiiieiiieeeeee e e 49
Chapter 1V 52
ADSIIACE ...ttt et ettt ettt 53
INEEOAUCTION ..ttt ettt 54
Material and Methods..........c.ooiiiiiiiiiii e 56
RESULILS ..ttt et 61



DUISCUSSION ..ot 74

ACKNOWIEAZEMENLS ..ottt ettt e e e taeenbeenee e 80
Supplementary Material ..........ccc.eieiiieiiiieiiieceeee e e 81
Chapter V 97
YN 0] 1 ¢ To] AR 98
INEFOAUCTION 1.ttt et sttt et s 99
Materials and MethOds .........coveriiiiiiiirieeee e 101
RESUILS ..ottt et sttt ettt et 106
ACKNOWICAZMENTS ... e e e enaeeeanee e 122
Supplementry Material ............occviiiiiieiiieciieeee e e 123
Chapter VI 128
FINAl dISCUSSION ....eiutieiiiiiieiiieieeee ettt 129
FULUIE dIT@CHIONS ...ttt st 134
References 136

viii



List of tables

Chapter 11
Table 1. Genes involved in alginate biosynthesis and their function or proposed

function.

Chapter 111

Table 1. Bacterial strains, plasmids and oligonucleotides used in this study.

Table 2. Production of alginate and free uronic acids by AalgE mutants.

Table 3. Alginate production of AalgE complemented with various epitope tagged AlgE
variants.

Table S1. Oligonucleotide used in this study.

Chapter 1V
Table S1. Oligonucleotides used in the study.

Table S2. Strains and vectors used in this study.

Chapter V

Table 1. Proposed interactions between various proteins of alginate biosynthesis and
secretion complex.

Table S1. Bacterial strains and plasmids used in the study.

Table S2. Oligonucleotides used in this study.



List of figures

Chapter |

Fig. 1: Schematic representation of polysaccharide biosynthesis and secretion pathways.
Fig. 2: Proposed model for Pel biosynthesis.

Fig. 3: Proposed model for Psl biosynthesis.

Chapter 11
Fig. 1: Proposed alginate biosynthesis pathway in P. aeruginosa.

Fig. 2: Overview of alginate biosynthesis in P. aeruginosa.

Chapter 111
Fig. 1: Outer membrane profiles of the AalgE mutant and the AalgE harbouring various
plasmids showing the absence/presence of AlgE.

Fig. 2: Predicted topology of the outer membrane B-barrel AlgE.

Chapter 1V

Fig. 1: (A) Membrane topology of AlgE showing FLAG epitope insertion sites and
mutated residues. (B) Triple mutations targeting the pore constriction of AIgE decrease
the positive electrostatic field within the barrel lumen.

Fig. 2: Relative amount of alginate produced by P. aeruginosa PDO300AalgE
harboring various plasmids.

Fig. 3: Outer membrane localization of AlgE and its variants.

Fig. 4: Localization, alginate and free uronic acid production by FLAG epitope insertion
variants of AlgE.

Fig. 5: Effect of AlgE and its variants on the stability of other components of alginate
biosynthesis machinery.

Fig. 6: Alginate and free uronic acids produced by P. aeruginosa with chromosomal
integration of genes encoding AlgE and its variants.

Fig. 7: Model of proposed AlgE interactions based on our mutual stability results.

Chapter V
Fig. 1: Complementation of the algK knock-out mutant.
Fig. 2: Amount of free uronic acids produced by various strains when grown in liquid

culture.



Fig. 3: Effect of the absence or presence of proposed subunits of the alginate
biosynthesis machinery on the stability other subunits in the multiprotein complex and
alginate production.

Fig. 4: Co-IP and pull-down assays show AlgK interacts with AlgE and AlgX.

Fig. 5: In vivo cross linking shows Alg44 interacts with AlgX.

Fig. 6: Proposed model of the alginate polymerisation/secretion multiprotein complex.

Fig. S1: Mutual stability analysis.

Xi





