
Autophagy and Bacterial Infection: a 

Competition for Survival 

 

 

PhD student: Ying, YANG 

Supervisor: Professor Margaret IP  

Date: 1/ Dec./ 2016  

Department: Microbiology, CUHK  

 



Autophagy: an essential conserved lysosomal 

degradation pathway  

Numerous pathogens have developed the capacity to 

invade host cells to be protected from components of the 

systemic immune system. 



 Autophagy is an intracellular process delivering 

cytoplasmic material to the lysosome for degradation.  

 

 The cellular events of this ancient and highly conserved 

process: phagophore- autophagosome-  autolysosome 

and degrade the enclosed material.  

 

 Autophagy acts as a  cytoplasmic quality control 

mechanism, eliminating protein  aggregates, damaged 

organelles and intracellular microbes to maintain cellular 

homeostasis. 
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 Antibacterial autophagy: restrict bacterial replication. 

 

 Non-bacterial autophagy: cross-talk with innate immune 

signaling pathways. 

 

 Pro-bacterial autophagy: support bacterial replication. 



Mostowy S. Autophagy and bacterial clearance: a not so clear picture[J]. Cellular microbiology, 

2013, 15(3): 395-402. 



 Autophagy of Shigella is triggered by ATG5 recognition of 

IcsA and is mediated by TECPR1, a  Tectonin  domain-

containing protein, which binds to ATG5 and promotes 

autophagosome–lysosome fusion. 

 

 To restrict bacterial motility and autophagy escape, septins 

are guanosine triphosphate (GTP) binding proteins recruited 

to sites of IcsA-induced  actin polymerization, and form 

cage-like structures. 



Mostowy S. Autophagy and bacterial clearance: a not so clear picture[J]. Cellular 

microbiology, 2013, 15(3): 395-402. 



 

Mycobacterium tuberculosis  is a vacuolar pathogen that 

survives  within macrophages by arresting phagosomal 

maturation.  

 

Autophagy induction counteracts the maturation block imposed 

by mycobacterium. 

 

A variety of studies have shown that the induction of autophagy 

by starvation, inhibition of mTOR (a suppressor of autophagy), 

vitamin  D and interferon-gamma (IFNγ) may help restrict 

mycobacterial  replication. p62 appears to be crucial for this 

process, and provides mycobacterial autophagolysosomes with 

enhanced antimicrobial capacities relative to conventional 

phagolysosomes. 

 



Mostowy S. Autophagy and bacterial clearance: a not so clear picture[J]. Cellular microbiology, 2013, 

15(3): 395-402. 



 Studies using Shigella have shown that in the cytosol of 

infected cells, membrane remnants induced by invading 

Shigella are ubiquitinated and recognized by p62, NBR1 and 

NDP52 for delivery to autophagosomes.  

 

 Inflammasome components, localized to damaged membranes, 

are also ubiquitinated and recognized by p62 for autophagy. 

 

 The studies with V.cholerae cytolysin (VCC) the pore-forming 

toxin indicate that the toxin triggers an autophagic response in 

the target cell, and demonstrate that autophagy acts as a 

cellular defense pathway against a secreted bacterial toxin. 

 

 



Mostowy S. Autophagy and bacterial clearance: a not so clear picture[J]. 

Cellular microbiology, 2013, 15(3): 395-402. 



 Brucella may co-opt autophagosome initiation factors ATG1 

(ULK1), Beclin1 and ATG14 to  convert Brucella-containing 

vacuoles (BCVs) into autophagosome-like compartments called 

autophagic BCVs (aBCVs). 

 

 A non-canonical autophagy pathway here promotes bacterial 

replication and survival since autophagosome elongation 

factors ATG4B, ATG5, ATG7, LC3B and ATG16L1 are not 

required for biogenesis of aBCVs. 

 

 



 S. aureus is a Gram-positive bacterium that can invade cells 

and replicate in autophagosome-like vacuoles. Hla (α-

haemolysin), a pore-forming toxin secreted by S. aureus, is 

required for the recruitment of LC3, suggesting the recruitment 

of autophagy components by Hla. 

 

 Hla-induced autophagy requires ATG5, but does not require 

Beclin1 (ATG6) nor PI3 kinase activity, highlighting the benefit 

of a non-canonical autophagy pathway for  S. aureus 

replication. 

 

 



 Autophagy acts  as an innate cytoplasmic surveillance 

mechanism: enables the host cell to remove pathogens, and 

to subsequently deliver them to the degradative lysosomal 

compartment.  

 

 Pathogens have developed different strategies to avoid this 

pathway.  

 

 Many key points remain to be solved, the search for 

virulence factors and the elucidation of how they control the 

autophagy machinery will be the basis of novel therapeutic 

intervention against intracellular pathogens. 





Perspectives 
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