
Pyocins - Phage-like proteins produced by 
Pseudomonas sp. to kill related strains







replace phage recognition sequences
with resistance gene recognition ones

Resistance 
gene 

degraded

Resistance 
gene 

Redirecting bacterial immunity 



Schuch R, Pelzek AJ, Raz A, Euler CW, Ryan PA, et al. (2013) Use of a Bacteriophage Lysin to Identify a Novel Target 
for Antimicrobial Development. PLoS ONE 8(4): e60754. doi:10.1371/journal.pone.0060754

CWG - binding domain 

peptidoglycan - cleaving domain 

• Lysins act by disrupting binding of 
peptidoglycan and cell wall glycopolymers 
(CWGs)


• Lysins have well-conserved N-terminal 
peptidoglycan-cleaving domains and more 
divergent binding domains that recognise 
CWGs

PlyG - further development



CWG polymers are shown as chains of circles within the cell wall. Differences in the 
composition of CWG repeating units are indicated by different colours. Linkage units that 
connect CWGs with peptidoglycan or lipids are shown as dark- or light-grey circles, 
respectively. CWGs connect choline-binding proteins (CBPs) in S. pneumoniae, S-layer 
proteins (S-LPs) in B. anthracis and mycolic acids in M. tuberculosis. Bacilli and 
mycobacteria often contain more than the two types of CWG shown here.
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PlyG, encoded by the γ phage of Bacillus anthracis. 
PlyG cleaves B. anthracis peptidoglycan in a 
process proposed to first require binding to the 
CWG - In this case a Neutral Polysaccharide (NPS)

Theory



Figure 1. Interaction of PlyG with B. anthracis NPS.

(A) Dose-dependent inhibition of PlyG lytic activity after pre-incubation with B. anthracis CWG. (B) PlyG activity 
after pre-incubation with increasing amounts of the CWG from Streptococcus pyogenes. (C) Dose-dependent 
inhibition of PlyGBD surface-binding after pre-incubation with B. anthracis CWG. (D) Deltavision images of 
surface-labeled B. anthracis with or without proteinase K treatment (+/−PK). CWG (green) was labeled with GFP-
PlyGBD, and the S-layer Sap protein (red) was labeled with specific antibodies and an Alexa Fluor 647-conjugated 
secondary antibody. (E) Dot-blot analysis of PlyGBD binding to total cell wall material and both SDS-treated and 
Hydrofluoric acid-treated walls (removes CWG).

Prove PlyG binds to 

B. anthracis CWG



Identify genes responsible for CWGs - variable between species - 
identified a conserved non-hydrolyzing UDP-N-acetylglucosamine 
2-epimerase (or 2-epimerase) in all - two genes present in B. 
anthracis. Place one under IPTG control (BA5509) and knockout the 
second copy (BA5433)



Solved the structure of 2-epimerase. Active and allosteric sites of 
enzymes are not present in humans. Run a virtual docking 
simulation of 2,000,000 small molecules. Identify and synthesise 
candidates with good binding energy. Run antimicrobial assays - 
modify structure of good candidates, rerun assays. identified a 
compound that was a specific inhibitor of 2-epimerase with good 
antibacterial activity
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Mutational 
loss of CRISPR/Cas 
or antibiotic spacers

Loss of immunity 
to lytic phage

Linking of loss of antibiotic resistance to  
a selective advantage - resistance to engineered 
lytic phage. 

Lysogens can’t lose CRISPR/Cas system that selects 
against antibiotic resistance, without losing immunity 
to engineered phage. 

Immunity is only to engineered phage - maintains 
normal selection of E. coli populations - but selects 
against antibiotic resistance
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In order to select for E. coli populations 
that have no antibiotic resistance, which 
combination of engineered phages was 
used?

Question 4.


