
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



1 
 

Characterization of the secretins, large outer membrane 

channels of Gram-negative bacteria 

 

 

A thesis presented in partial fulfillment of the requirements for the 

degree of  

 

Doctor of Philosophy  

In  

Biochemistry 

 

at Massey University, Palmerston North  

New Zealand 

 

Sofia Khanum 

2015 

 



  

 
 

 

 

 

 

 

 

 

Dedicated to my mother 

 

 

 

 



iii 
 

Acknowledgements  

“In the name of Allah, the Most Gracious, the Most Merciful" 

First of all I would like to acknowledge my supervisor Dr. Jasna Rakonjac for her 

continuous support and critical evaluation of my work throughout my PhD. Indeed it 

was due to her encouragement and innovative thinking that polished my skills and 

enabled me to do well. I would also like to thank my co-supervisor Dr. Gill Norris for 

her valuable feedback. A special thanks to my lab fellows Wesley Wen, and Julian 

Spagnuolo at Helipad. I would also like thank the staff at Institute of Fundamental 

Sciences; their cooperation and kindness will be treasured always.  

I would like to extend my gratitude to my sweet friends Sadia Sattar, Shazrah Salam, 

Sadia Tahir and Amber Faisal for their continuous support, understanding, cooperation 

and care; they indeed made things easier for me at the time of stress by just being 

around apart from giving me valuable suggestions during my research and writing this 

thesis. 

A special thanks to my family. 

My parents remained a source of contentment for me always, particularly during this 

course of study. My parents’ continuous encouragement, support and suggestions for 

my study throughout these five years is remarkable. A special thanks to my parents for 

letting me pursue my dream of higher education.  

This thesis would have never been possible without my loving husband Khurram Iqbal. 

You were always around at times I thought that it is impossible to continue, you helped 

me to keep things in perspective. I am grateful to you for your remarkable patience 

and unwavering love and support over the course of my research, and also for the 

countless days of daddy daycare to our daughters. My daughters Mahin and Mahrosh, 

I owe you lots and lots of fun hours. I couldn’t imagine doing my PhD without you; 

you really gave me the reason to continue.  

Not to forget the support of my sisters Jamila, Anila along with the continuous 

encouragement of my brother Waseem. Lastly I would like to say thanks to my 

nephews Hannan, Ahmed, Ali and my niece Shiza for their lovely smiles in stressful 

days.    



iv 
 

Abstract 

Secretins, a family of large outer membrane channels, mediate secretion and/or 

assembly of virulence factors and/or complex proteinaceous structures, such as rods, 

type IV pili and filamentous bacteriophage. Secretins form large radially-symmetric 

channels composed of 12 to 14 identical subunits, with internal diameters of up to 10 

nm, whose lumen is interrupted by a septum/plug structure that very likely represents 

a gate or a valve. The identity of septum in the primary sequence of secretins has not 

been determined as yet, however the cryo-EM and SPA analyses point to the C-

terminal domain forming these structures, whereas mutagenesis specifically identified 

two regions in this domain, named GATE1 and GATE2, as having an important role 

in gating of the filamentous phage secretion system secretin pIV. However, it is not 

known whether these regions are also involved in gating of the secretins from type II 

and type III secretion systems. 

In this work, twelve “leaky-gate” mutants in the secretin PulD from the type II 

secretion system (T2SS), selected from a random mutant library based on ability to 

utilise 829 Da oligosaccharide maltopentaose in the absence of maltoporin, were 

analysed in detail. Most of PulD leaky-gate mutants clustered in the GATE1 and 

GATE2 regions. All point mutants were positive for secretion of the cognate PulD 

substrate, enzyme Pullulanase (PulA), whereas a 5-residue in-frame deletion (Δ477-

481) was negative. Two severely leaky GATE1 region mutants, G458S and Δ477-481, 

sensitised E. coli to all tested antibiotics whose molecular weight is too high to pass 

through porins: rifamycin SV (720 Da), bacitracin (1423 Da) vancomycin (1449 Da) 

and daptomycin (1621 Da). The GATE1 of this secretin is therefore a potential drug 

target, for design of molecules that can sensitise secretin-containing pathogenic Gram-

negative bacteria to > 600 Da antibiotics and/or block the secretion of substrates, 

including virulence factors. 

Engineered chimeras between PulD and pIV were used to probe functional 

compartmentalisation among the secretin domains and the segments involved in 

gating. This analysis showed that the N-terminal domains, GATE1 region and channel-

forming secretin homology domain are interdependent with respect to function in 

secretion/assembly of the substrates, and to different extends for folding and 

multimerisation.  
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This work further analysed the gating properties of the type III secretion system 

(T3SS) secretins EscC and InvG. When expressed in E. coli K12, these secretins were 

naturally “leaky” and mistargeted to the inner membrane, resulting in growth 

retardation. The survival of E. coli expressing these secretins depended on the PspF, 

positive regulator of the key inner membrane stress response Psp. Therefore, in the 

T3SS secretin-expressing or toxin-secreting cells, PspF is a potential target for design 

of molecules that could kill T3SS-containing toxin-secreting Gram-negative bacteria. 
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