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Regulation of virulence factors:
two-component systems (1TSS
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A bit of synthetic biology...
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Schmidl, S., Sheth, R., Wu, A. and Tabor, J. (2014). Refactoring and
Optimization of Light-SwitchableEscherichia coliTwo-Component

Systems. ACS Synthetic Biology, 3(11), pp.820-831.



Key events of pathogen-host interaction

1. Colonisation - invasion
2. Multiplication

3.  Transmission

4. Damage

Epithelial
cell

F pilus

. Bacterium

Bacterium
with pili

Flagellum

(a) - 1 (b)

1um 5um

Uropathogenic E. coli binding a kidney receptor with adhesins at the top of P-pili



scanning electron microscopy

cytoskeleton
enteropathogenic E.coli

Enteropathogenic E. coli build specialised structures for adhesion
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Invasion

“Zipper mechanism”, Listeria invading non-phagocytic cells.
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Bonazzi, M. and Cossart, P. (2006). Bacterial entry into
cells: A role for the endocytic machinery. FEBS Letters,

580(12), pp.2962-2967.
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rigger mechanism”. Salmonella.

vpe lll Secretion System
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Cryo-EM micrograph of T3SS
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Abbreviations used: OR, outer ring; IR, inner ring; OM, outer membrane; IM, inner

membrane. (B) An axial section through the map in (A). (C) Transverse sections

through the map,ip (A) atthe devel of dhe.neck (top) and IR1 (bottom).

Type Il Secretion Systems. Virulence Mechanisms of Bacterial

Pathogens, Fifth Edition, pp.241-264.



Type IV secretion

Anja Seubert, Rino Rappucli and Antenellc Covacci
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What happens once bacteria are in”

Listeria cytoskeleton

DNA

cytoskeleton
pathogen vacuole




Damage caused by bacteria

e Direct - from bacteria action
e Indirect — from host response

Cytolysin



AB toxins

/ Type Il Exotoxin / Host Cell Receptor

/ B Component

‘ A Component




Viruses

Virus structure: terminology

CAPSID protein |

shell containing the

nucleic acid. | NUCLEOCAPS'D

capsid and nucleic acid.
GENOME
DNAorRNA

ENVELOPE host

derived membrane
enclosing nucleocapsid
contains viral

VIRION

complete

MATRIX/TEGUMENT infectious virus

layer between capsid and particle
envelope



Retroviruses - HIV

Replication enzymes
contained in capsid

i RNA dependent
DNA synthesis
i DNA dependent
DNA synthesis
Cytoplasm
Nucleus
Integration into
host genome
vV
[ [
\ \ \ \
\ \ \

\ . .
Sy Sa N4 N4 Viral gene expression
using host machinery

Reverse
transcriptase

Integrase

-

Cytoplasm



HIV capsid
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CLOSED







HIV-1 reverse transcription is inhibited by blockade of the capsid

pore

Copies per pul

CA

crystal structure in complex with

hexamer

hexacarboxybenzene, which is co-ordinated by R18



Current approach to AlIDS treatment

Nucleoside Reverse Transcriptase Inhibitors
Protease Inhibitors

—usion Inhibitors

Highly Active Antiretroviral Therapy
Non-Nucleoside Reverse Transcriptase Inhibitors




ALT




Blocking assembly: protease inhibitors

HIV protease

Homo-dimeric
aspartyl protease

Encoded by pol gene

Peptide mimics of
cleavage sites are
inhibitors

Cleaves polyprotein to
produce capsid
components



