
LECTURE 10: BACTERIAL PATHOGENESIS (INVASION) 

WHY INVADE HOST CELLS? 

- Obligate intracellular parasites 

- Immune evasion 

o Hidden from complement and antibodies 

- Mechanism to disseminate into deeper tissue 

MECHANISMS 

Two bacterial invasion mechanisms exist which exploit different host cell processes. 

 

ZIPPER – RECEPTOR MEDIATED ENDOCYTOSIS 

- Bacterial uptake is mediated by the host cell  

o Requires an active cytoskeleton 

- Bacteria are taken up into an endosome 

o Some remain here whilst others escape 

- Bacteria may move from cell to cell via the cytoplasm 

without exposure to the outside environment 

 

 

ZIPPER TRIGGER (RUFFLE) 
- Exploit pathways which are normally used 

for adhesion of epithelial cells to each other 
and ECM 

- Bacteria bind to surface receptors to induce 
receptor immobilisation and clustering 

- High affinity binding of bacterial ligand to 
host receptor initiates receptor mediated 
endocytosis 

- The concentrated scattering of host 
receptors on a large cell surface enables 
neighbouring cells to naturally bind to each 
other and ‘stretch-out’, but the binding of a 
small bacterium causing a clustering of the 
host cell surface 

 
- Process is passive and only dependent on 

availability of host receptors 
- Initial entrapment in vacuole 
- Only one protein is required; Listeria 

(Internalin) 

- Resembles the cell ruffling which is 
induced by growth factors and 
hormones 

- Brief contact can stimulate large scale 
actin polymerisation and formation of 
ruffles on the cell surface to fold over 
and engulf the bacterium 

- Similar to micropinocytosis which cells 
use to sample pockets of fluid 

 
- Process is active on the bacteria’s part 
- Initial entrapment in vacuole 
- Requires several proteins; Shigella 

(Ipa) and Salmonella (Sip) 



EXAMPLE: Listeria monocytogenes (Listeriosis) 

- Gram +ve (soil organism) 

- Food borne pathogen found predominantly in soft cheeses 

- Causes CNS infections and maternofetal infections 

o Can induce abortion 

- Invasive pathogen which employs zipper mechanism  

PATHOGENESIS 

- The uptake/internalisation of the 

bacterium requires the actin 

cytoskeleton 

- Listeria can be taken up by many cell 

types in a passive process 

o External surface is covered 

with internalin A proteins 

 Experiments have 

demonstrated that 

beads coated with 

InIA is internalised 

 Dead bacterial cells 

are still internalised 

- Host receptor for InIA is E-cadherin 

o E-cadherin is normal component of epithelial cells involved in the formation of tight 

junctions by binding to each other 

o E-cadherins bind to α and β catenins which are directly attached to the cell cytoskeleton 

- Internalin A has a tight affinity with E-cadherin which induces folding of the 

membrane/clustering → receptor mediated endocytosis 

- InIA only recognises human E-cadherin 

TRIGGER – MACROPINOCYTOSIS 

- Ruffling of the membrane traps large membrane bound pockets of extracellular medium 

- Uptake is driven by bacterium and mediated by host cell 

- Bacteria is taken up into an endosome 

o It may remain here or escape 

- Bacteria may move from cell to cell via the cytoplasm without exposure to the outside 

environment  



EXAMPLE: Shigella flexneri 

- Gram –ve 

- Contracted via water or from 

person to person 

- Cause of infant and traveller’s 

diarrhoea 

o Bacillary dysentery 

(bloody diarrhoea) 

- Invasive pathogen which 

employs trigger mechanisms 

- Undergoes constant antigenic variation and hence no 

vaccine is viable 

- Formerly a non-invasive E.coli 

o Evolution through both gene acquisition and gene 

loss 

 Loss of antivirulence genes (if these genes 

are reinserted back into a bacterium, then 

they will disrupt its virulence) 

 Loss of flagella and fimbriae (non-motile) 

 Loss of catabolic pathways (non-lactose 

fermenting) 

 Gain of virulence plasmid 

 Very mobile; continually reinserts and 

removes itself from the chromosome 

 Encodes for the T3SS 

 Gain of SHI-1 → Encodes enterotoxin 

 Gain of SHI-2/3 → Iron acquisition machinery  

 SHI-O → Antigenic change; contains an 

abundance of glycosyl transferase which alter 

LPS 

 SRL → Pathogenicity island for antibiotic 

resistance 

 

 

 

 

 

 



PATHOGENESIS 

- T3SS is critical in invasion 

- IpaB and IpaC proteins are the first to be translocated and are homologous to EspD and EspC 

o Hydrophobic proteins form a pore in the host cell membrane 

o Ipa = invasive plasmid antigen 

- Shigella targets M cells which have a thinner layer of mucous 

o M cells are naturally attune to macropinocytosis 

o Shigella then escapes the endosome to continue infecting 

neighbouring cells 

- After they have invaded, Shigella is able to infect epithelial cells from the 

basolateral surface 

 

- IpaC has a dual function and is able to also activate Rho-GTPases which 

are responsible for the actin machinery 

o Actin polymerisation drives the engulfment of the bacterium 

o IpaD is involved in the polymerisation and depolymerisation of 

actin 

EXAMPLE: Salmonella 

- Bacterium which uses the trigger mechanism 

of invasion 

- Encodes for T3SS on pathogenicity island 1 

(SPI-1) which is involved in invasion; SPI-1 

cause inflammation diarrhoea  

o Injection of Sip proteins 

(homologues to Ipa proteins) to 

induce membrane ruffling 

 Sip = salmonella invasion 

protein 

o Perform same function has Shigella Ipa proteins and target the 

host cytoskeleton and GTPase 

- Salmonella target M cells and remain inside an endosome 

- Can transcytose into macrophages for replication and killing 

- Possesses flagella unlike Shigella 

 

- Second pathogenicity island is involved in replication within the 

endosome (SPI-2); SPI-2 is anti-inflammatory and critical for intracellular 

surivival 

o Also encodes a separate T3SS  

o Separate set of effector proteins (Ssa) 


