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Pyocins - Phage-like proteins produced by
Pseudomonas sp. to Kill related strains
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PlyG - further development

e Lysins act by disrupting binding of
peptidoglycan and cell wall glycopolymers
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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



Staphylococcus aureus Streptococcus pneumoniae Bacillus anthracis Mycobacterium tuberculosis

Mycolic acids
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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.



Peptidoglycan-anchored CWGs (P-CWGs)
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Prove PlyG binds to
B. anthracis CWG
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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 PlyGBP 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 PlyGBDP binding to total cell wall material and both SDS-treated and
Hydrofluoric acid-treated walls (removes CWG).
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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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Temperate and lytic bacteriophages programmed to
sensitize and kill antibiotic-resistant bacteria

Ido Yosef', Miriam Manor', Ruth Kiro, and Udi Qimron?

Department of Clinical Microbiology and Immunology, Sackler School of Medicine, Tel Aviv University, Tel Aviv 69978, Israel

Edited by Jennifer A. Doudna, University of California, Berkeley, CA, and approved April 28, 2015 (received for review January 25, 2015)

The increasing threat of pathogen resistance to antibiotics re-
quires the development of novel antimicrobial strategies. Here we
present a proof of concept for a genetic strategy that aims to sen-
sitize bacteria to antibiotics and selectively kill antibiotic-resistant
bacteria. We use temperate phages to deliver a functional clustered
regularly interspaced short palindromic repeats (CRISPR)-CRISPR-
associated (Cas) system into the genome of antibiotic-resistant
bacteria. The delivered CRISPR-Cas system destroys both antibi-
otic resistance-conferring plasmids and genetically modified lytic
phages. This linkage between antibiotic sensitization and protec-
tion from lytic phages is a key feature of the strategy. It allows
programming of lytic phages to kill only antibiotic-resistant
bacteria while protecting antibiotic-sensitized bacteria. Phages
designed according to this strategy may be used on hospital
surfaces and hand sanitizers to facilitate replacement of antibiotic-
resistant pathogens with sensitive ones.

CRISPR-Cas | positive selection | lysogenization | ex vivo treatment

he clustered regularly interspaced short palindromic re-
peats (CRISPR) and CRISPR-associated (Cas) proteins
have evolved in prokaryotes to protect against phage attack
and undesired plasmid replication by targeting foreign DNA
or RNA (1-3). These systems target nucleic acids, based on short

sensitized pathogens would most likely fail due to escape mutants
that are selected by the antibiotics.

Here we demonstrate a strategy to counteract the emerging
threat of antibiotic-resistant bacteria that evades the above short-
comings. Instead of directly killing the pathogens, we propose to
sensitize the pathogens on surfaces or in the human skin flora
while concomitantly enriching for these sensitized populations.
Patients infected by these antibiotic-sensitive bacteria would thus
be treatable by traditional antibiotics. In this strategy, the CRISPR-
Cas system is used to destroy specific DNAs that confer antibiotic
resistance and to concurrently confer a selective advantage to
antibiotic-sensitive bacteria by virtue of resistance to lytic phages.
The selective advantage enables to efficiently displace populations
of nonsensitized bacteria by killing them with lytic phages. In
contrast to conventional phage therapy, this approach does not
require administration of phages into the host’s tissues. In addi-
tion, it does not aim to directly kill treated bacteria but rather to
sensitize them to antibiotics and to kill the nonsensitized bacteria.
Therefore, there is no counterselection against the sensitization.
The strategy relies on CRISPR spacers that can be rationally
designed to target any DNA sequence, including those that en-
code resistance genes and lytic phages. It thus allows genetically
linking a trait that is beneficial to the bacteria (i.e., spacers pro-
tecting from lytic phage) with a trait that reverses drug resistance
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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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Spacers for antibiotic
resistance
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