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Photoinactivation of the ‘ESKAPE’ group pathogens
by N-confused meso-tetrakis(p-sulfonatophenyl)porphyrin tetrasodium salt
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A polyanionic water-soluble N-confused porphyrin
photosensitizer containing four p-sulfonatophenyl groups
was synthesized, and its behavior was studied in water and
aqueous solutions of the micellar surfactant Tween 80. The
antimicrobial photodynamic inactivation study indicated
that this photosensitizer efficiently Kkilled Staphylococcus
aureus; however, Gram-negative pathogens having an outer
lipopolysaccharide membrane were relatively resistant to
this compound. The potentiation of photodynamic
inactivation by addition of appropriate biocompatible agents
increasing permeability of the membrane above was
successfully tested and briefly discussed.
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Pathogenic microorganisms can develop resistance against a
variety of costly antimicrobial agents including last generation
antibiotics.'=> This problem largely derives from their single
mode of action, and it is a matter of time for bacteria to become
insensitive towards a recently efficient drug.*-® Special attention
is paid to the so-called ‘ESKAPE’ group*>7# containing both
Gram-positive and Gram-negative pathogenic superbugs, viz.,
Enterococcus  faecium, Staphylococcus aureus, Klebsiella
pneumoniae,  Acinetobacter — baumannii, Pseudomonas
aeruginosa and Enterobacter spp., which in the future will be
capable of resisting all known antibiotic agents.

Antimicrobial photodynamic therapy (aPDT) is a promising
technology of treating many localized microbial infections.®!!
This approach affecting several targets in microbial cells offers
several advantages over a standard antibiotic treatment but still
remains underutilized in clinical practice.''-'* The crucial
component of aPDT is a light-sensitive photosensitizing
molecule that can rapidly bind to or penetrate into a bacterial
wall and generate singlet oxygen ('O,) and/or other toxic reactive
oxygen species (HO®, O3") under appropriate irradiation. In
recent years, the confused porphyrins as potential photosensitizers
(PSs) attract special attention due to their near-IR absorption and
emission as well as established synthetic protocols for their
preparation.'>~!” N-Confused porphyrin 1, 2-aza-21-carba-meso-
tetraphenylporphyrin, seems to be a promising platform for the
derivatization to access the PSs with the required properties.

Here, we describe the results of photodynamic inactivation of
several microorganisms belonging to the ‘ESKAPE’ group with
the water-soluble inverted porphyrin-type PS, viz. N-confused
2-aza-21-carba-meso-tetrakis(p-sulfonatophenyl)porphyrin
tetrasodium salt 2. The brief description of synthesis and
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identification of compounds 1 and 2 is given in Online
Supplementary Materials, the results of bacteria photoinactivation
in vitro are compiled in Table 1.

Figure 1 illustrates the absorption spectra of compound 2 in
water, ethanol and DMF. The absorption spectra contain
the intensive Soret (B-) band in the blue light region at
A =435-455 nm and much less pronounced Q-bands in the green
and red light regions between 500 and 800 nm. The difference in
the UV-VIS spectra in protic EtOH and aprotic DMF can be
explained by the solvent-dependent tautomerism specific for all

Table 1 Photoinactivation of archival and antibiotic resistant pathogens
in vitro with porphyrin 2.

Photosensitizer 2 Colony forming units (CFU) at light dose/

loading/pmol kg™! Jem™
(additive) none (dark) 40 80 160
Archival Staphylococcus aureus
100 (+1% Tween 80) 107 15 0 0
Archival Escherichia coli

100 (+1% Tween 80) 8x 100 107 7x10° 3x100
Nosocomial Pseudomonas aeruginosa

50 7x10° - 3x10° 7x10°

50 (+0.05% EDTA)“ 2x10° - 10° 0

50 (+0.025% &-P1)“ 5x10° - 4x103 90
Nosocomial Acinetobacter baumannii

50 3x10° - 7x10° 4% 10°

50 (+0.05% EDTA)“ 1x 106 - 0 0

50 (+0.025% &-P1)“ 6x10° - 1x10° 7% 10%

“EDTA denotes disodium ethylenediaminetetraacetate, and ¢&-Pl is
e-polylysine (N = 30).
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Figure 1 (a) Solvent-dependent tautomers of 2-aza-21-carba-meso-
tetrakis(p-sulfonatophenyl)porphyrin tetrasodium salt (compound 2) and
(b) its absorption spectra (Cps ~ 1x10°> mol dm=) in DMF (solid line,
2H-tautomer), EtOH (dotted line, 21H-tautomer) and water (dashed line,
aggregated form of 2).

N-confused porphyrins.!>!'8 The solute transfer from EtOH to
DMEF shifts the tautomeric equilibrium above from 21H to 2H
species, while the broadening and red shift of the absorption
bands in water result from a strong hydrophobic association of
21H-form of compound 2. The dynamic light scattering study
supports this finding (see Online Supplementary Materials),
indicating the existence of significant concentration fluctuations
in aqueous solutions of even at uM PS concentrations.
Recently,'”?3 we have shown that many water-soluble
porphyrin, chlorin and phthalocyanine PSs formed stable
complexes with the biocompatible non-ionic surfactant
Tween 80,2 the titration curve demonstrating two modes of
binding. The two hundredfold molar excess of the surfactant
usually leads to total PS-Tween 80 binding and prevents PS-PS
contacts in a micellar phase.?! However, both confused
porphyrins 1 and 2 form much less stable complexes with the
surfactant, and the logK), values obtained are of 2 (see Online
Supplementary Materials). Hence, Tween 80 seems to be not an
appropriate carrier for this type of light-sensitive molecules.
Table 1 compares dark and light induced toxicity towards
several archival and nosocomial antibiotic resistant bacterial
pathogens. The sowing dose was 107 CFU, and the light control
without PS gives 7x 10, 6 x 109, 8 x 10% and 5 x 10° CFU values
for Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa and Acinetobacter baumannii, respectively.
Inspection of the data compiled in Table 1 shows that compound
2 provides seven logs of killing (total elimination) towards
Staphylococcus aureus even at a light dose of 40 J cm™2, while
Gram-negative pathogen Escherichia coli remains totally
resistant even at a light dose of 160 J cm2. Similar resistance
reveals the nosocomial strains. This finding is in total agreement
with our previous studies using neutral and anionic macrocyclic
photosensitizers.?!12323:26 The results obtained clearly indicate
that the polyanionic porphyrin is not able to penetrate into or
bind to the outer membrane of Gram-negative bacteria. It is
apparent that the similar situation was observed for octaanionic
phthalocyanines®®  and  meso-tetrakis(p-sulfonatophenyl)-
porphyrin.?’?8 The interaction of Tween 80 micelles with the PS

seems to prevent at least in part hydrophobic aggregation of
macrocycles. However, singlet oxygen species generated far
from appropriate targets in microbial cells are not able to cause
fatal damage towards pathogenic microorganisms. Thus, the
enhancement in photodynamic activity of compound 2 can be
achieved with potentiating agents providing an increase in
permeability of the lipopolysaccharide outer membrane
mentioned above.”?*32 We see that both PS formulations
being almost non-toxic in the dark, significantly enhance
photoinactivation of both nosocomial antibiotic resistant
pathogens. It is worth noting that the PS formulation containing
EDTA is less toxic in the dark compared to the formulation with
polylysine but provides more efficient killing under irradiation.

In summary, our results indicate that polyanionic confused
porphyrins have some potential in the antimicrobial
photodynamic therapy. However, the efficient bacterial killing
with this type of light-sensitive molecules needs both potentiating
agents and larger light doses compared to the chlorin-type
photosensitizing agents.3!3?
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Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.71267/mencom.7734.
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