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Description

Endolysins are phage-encoded enzymes whose function is to hydrolyze the peptidoglycan
of the host bacterium at the end of the Iytic cycle of the phage, allowing the dissemination
of the phage progeny. In recent years, and to deal with many bacterial pathogens, the use
of a wide variety of endolysins has been described which, after their recombinant
expression and purification, are added exogenously to bacteria. In this therapeutic
context, these specialized enzymes (enzybiotics) represent a great hope in their future
clinical application due to their various advantages over antibiotics, namely: a) the
majority have different levels of specificity (strain, species, genus ...) and, consequently,
do not affect the usual microbiota; b) no bacteria resistant to these enzymes have been
described so far, probably because their target (peptidoglycan) is a highly conserved
essential structure among bacteria; c) for the same reason, they are equally effective
against multi-resistant strains; d) they also display antimicrobial activity against bacteria
that form biofilms which are generally refractory to the action of antibiotics; e) they are
effective in all types of bacterial metabolic states; f) can be cheaper to produce than any
antibiotic. The numerous articles that have been published in recent years provide an



additional argument of the interest that this strategy is awakening among the scientific
and business community, and contribute to establishing these agents as a real alternative

to fight against the great threat of multi-resistant pathogens to short term.

Previously, we constructed the most powerful chimeric enzymes to date against
pneumococcus (Cpl-711 and PL3), which contain a catalytic domain (lysozyme or
amidase) and a choline-dependent substrate-binding domain. This characteristic makes
this type of enzyme strictly specific against pneumococcus. In addition, we have
characterized other enzymes with a broader host range, such as Cpl-7S and Csl2.
Likewise, in the case of Cpl-711 we have shown that this protein exhibits a synergistic
action with certain antibiotics, as well as with another enzyme that breaks different bonds,
such as PL3. More recently, a full design and development path towards obtaining phage
lysin-based antimicrobials especially directed against Gram-negative pathogens have
been carried out. This analysis supported a widespread appearance of antimicrobial
peptide-like subdomains within a relevant subpopulation of lysins from Gram-negative
bacteria infecting phages. In this way, an enzybiotic candidate, named Pae87, was
selected for researching its intrinsic activity against Gram-negative pathogens,
particularly Pseudomonas aeruginosa, and to serve as a scaffold for the developing of
efficient antimicrobial molecules. In addition, a putative substrate-binding subdomain
was identified within the very catalytic domain of the protein. Moreover, the ability of
Pae87 to bind and disrupt the Gram-negative outer membrane was proven, and it was
related to a specific C-terminal region termed peptide P87. This peptide had an
antimicrobial activity of its own, comparable to that of the full protein. Furthermore,
peptide P87 was enhanced by rational point mutation and thus the derived peptide P88
was obtained. This peptide P88 had a greater bactericidal efficiency against a similar
range of Gram-negative bacteria but no dramatic increase in its cytotoxic effect against
eukaryotic cells was found. Interestingly, the peptide displayed a potent in vitro synergy
when used in combination with various antibiotics with intracellular targets (namely
macrolides, chloramphenicol, and tetracycline). All these enzymes have been tested in
different in vitro tests with planktonic bacterial cultures and in the form of biofilms, and

the results are validated in different animal models of infection, such as mice or zebrafish.

On the other hand, we have developed a strategy for the in vivo enzybiotics behaviour
enhancement. Since lysins in vivo half-life is known to be rather short (30-60 min), one

of the currently explored approaches for enzybiotics administration is encapsulation and



controlled release. Based on the Streptococcus pneumoniae surface structure, which
stands out for the presence of choline residues that serve as anchorage for physiologically
relevant surface proteins, a chitosan-based polymer was designed. Such a polymer was
grafted with diethylaminoethanol (DEAE) moieties, which can act as a structural and
functional analogue of choline. The chitosan-DEAE nanoparticles were thus also able to
bind choline-binding enzybiotics, such as the antipneumococcal Cpl-711, and release it

in a controlled manner, although with some cytotoxic effect against eukaryotic cells.
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