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Compounds that Prevent Antibiotic Resistance 
 

Researchers at the University of Saskatchewan have identified compounds that increase the potency and 
eliminate development of resistance to bactericidal antibiotics. Co-application of these compounds with 
antibiotics block SOS mechanisms by inhibiting RecA expression; thereby preventing the development of 
mutations, which contribute to antibiotic resistance in addition to increasing antibiotic efficacy. 

 
• Wide spectrum application 
• Tolerability in vivo 
• Defined mechanism 
• US patent issued 2015 

Available for Licensing or 
Collaboration 

Principal Inventors: 

Dr. Ron Geyer 
Professor 
Department of Pathology 
College of Medicine 
University of Saskatchewan 

 
Dr. Yu Lou 
Associate Professor 
Department of Biochemistry 
College of Medicine 
University of Saskatchewan 

Development Stage: 
Pre-clinical, proof of concept in thigh 
infection model 

Patent Status: 
US Patent # 20150087612 
Issued March 26, 2015 

Reference #: 10-010 
Biochemistry 48, 6805-6810 (2009) 
& 1 under review 
 
Contact: 
Neal Lemon 
Technology Transfer (Health) 
Tel: 306-966-7340 
Email: neal.lemon@usask.ca 

The Market: The rapid emergence of antibiotic resistance amongst pathogenic 
bacteria is a major clinical and public health problem. Nosocomial infections are the 
6th leading cause of death in the US and are estimated to cost between $5-10 
billion/year in the US. The increasing incidence of resistance is compounded by 
only 2 new FDA approved antibiotics since 2008 (Telavancin and Ceftaroline).The 
worldwide antimicrobial market is valued at approximately $43B with a key market 
driver the use of new product combinations to overcome bacterial resistance.  

The Target: The established paradigm suggests that antibiotic resistance 
emerges by selecting for pre-existing mutants in the bacterial population exposed 
to antibiotics. Adaptive resistance mutations however also occur in bacteria in 
response to antibiotic therapy through activation of the SOS DNA repair and 
mutagenesis pathway. The expression of RecA and LexA proteins initiate the SOS 
response, and regulate error-prone DNA polymerase genes. Error-prone DNA 
polymerases are a major factor in acquiring antibiotic resistant mutations. During 
the SOS response, RecA polymerizes on ssDNA in the presence of ATP and 
promotes LexA autoproteolysis as well as SOS gene expression.   

The Technology: An ATPase assay was used to screen a set of anionic, 
aromatic molecules for inhibitors of RecA ATPase activity. Based on a crystal 
structure provided by Dr. Lou, it was believed that such molecules would tap into 
the cationic feature of the DNA‐binding site of RecA‐like recombinases through 
cation‐π and cation‐anion interactions. From this screen two compounds were 
identified that inhibited RecA ATPase activity, iron(III) phthalocyanine-4,4’,4’’,4’’’-
tetrasulfonic acid (Fe-PcTs) and copper phthalocyanine-3,4’, 4’’,4’’’-tetrasulfonic 
acid (3,4‐Cu-PcTs) (Figs. 1a,b). 

The antibiotic ciprofloxacin (CFX) inhibits DNA gyrase in bacteria, causing the 
accumulation of double‐stranded DNA breaks and inducing the SOS response. Co-
treatment with PcTs was therefore predicted to potentiate CFX activity. Fe‐PcTs 
and 3,4‐Cu‐PcTs potentiated the activity of CFX in the gram‐negative E. coli strain 
ATCC25922 with no colony forming units (CFUs) observed when ATCC25922 cells 
were co‐treated with CFX (40nM) and the PcTs at concentrations above 25 μM 
(Fig. 1c). Fe-PcTs were also shown to potentiate the activity of CFX in another 
Gram-negative strain Pseudomonas aruginosa (ATCC27853) and two Gram-
positive strains Staphylococcus aureus (ATCC29213) and Enterococcus faecalis 
(ATCC29212).Fe-PcTs were also demonstrated to selectively potentiate the activity 
of bactericidal antibiotics, completely eliminating all CFUs after 24hours when co-
applied with CFX, kanamycin (KAN) and ampicillin (AMP) while having a very slight 
effect on the activity of bacteriostatic antibiotics chloramphenicol (CAM), 
tetracycline (TET), and spectinomycin (SPECT). Additional experimentation 
confirmed that Fe-PcTs repress the SOS response, and effectively block SOS 
response dependent processes such as biofilm formation. 

To establish whether Fe‐PcTs can inhibit the acquisition of CFX resistance in vivo, 
the activity of Fe‐PcTs was assayed in a neutrapenic bacterial thigh infection model. 
Mice thighs were infected with ATCC25922 cells and two hours after infection, mice 
were administered subcutaneous injections of CFX (40nM) or CFX (40nM) and Fe‐
PcTs (25μM).
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Approximately, 50,000 CFX‐resistant cells were observed after 72 hours infection when the mice were only treated with 
CFX. Remarkably, no CFX resistant cells were observed when mice were co‐treated with CFX and Fe‐PcTs (Fig. 2d). 
Pretreatment of mice with Fe‐PcTs prior to infection potentiated the activity of CFX more than when mice were only co‐
treated with CFX and Fe‐PcTs shortly after infection (Fig. 2d). No CFX‐resistant colonies were observed in any mice 
treated with Fe‐PcTs and Fe‐PcTs treatment was not toxic to mouse bone marrow at the maximum concentration tested 
(100 μM) (Fig. 2e). 
 
Figure 1. 
 

 
 

Figure 1: (a) Structures of PcTs-based inhibitors: iron(III) phthalocyanine-4,4’,4’’,4’’’‐tetrasulfonic acid (Fe‐PcTs), 
copper phthalocyanine‐3,4’, 4’’,4’’’‐tetrasulfonic acid (3,4-‐Cu-PcTs), and X-‐PcTs molecules consisting of mixtures of 
different sulfonic acid regioisomers (X represents Al, Zn, Ni, Cu or H). (b) Fe‐PcTs and 3,4‐Cu-PcTs inhibition of poly‐
(dT)36‐stimulated RecA ATPase activity. ATPase activity was measured by monitoring the release of inorganic 
phosphate using the malachite green phosphate detection assay. Percentage of ATPase activity is reported relative to 
the reaction in the absence of RecA inhibitor. DltA was used as a control to show that the 3,4‐Cu-PcTs was specific for 
inhibiting RecA ATPase activity. Results are the average of two independent experiments where the deviation was less 
than 10%. (c) Potentiation of CFX activity by Fe-PcTs and 3,4-Cu‐PcTs. ATCC25922 cells were treated with CFX (40 
nM: dashed lines) or CFX plus indicated concentrations of Fe‐PcTs or 3,4-Cu‐PcTs. CFUs/ml were determined at 
indicated time points. Error bars represent the standard deviation from three independent experiments. 
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Figure 2. 

 
Figure 2: Fe-PcTs potentiate the activity of CFX and reduce CFX resistance. ATTC29522 cells (3x108) were 
cultured on LB plates containing CFX (40 nM) with or without Fe-PcTs (25 µM). (a) CFX resistant ATTC29522 cells 
obtained in the presence and absence of Fe‐PcTs per day. (b) Viable ATTC29522 cells present on LB plates containing 
CFX or CFX and Fe-PcTs per day. (c) The number of CFX resistant cells per viable cell per day in the presence and 
absence of Fe‐PcTs. Error bars represent the standard deviation from two independent experiments. (d) In vivo analysis 
of Fe‐PcTs activity in neutrapenic mouse bacterial infection model. Mice were infected with ATCC25922 cells and 
treated with CFX or CFX and Fe-PcTs. Fe-PcTs was either administered 24 hours before CFX treatment (pre) or co-
administered with CFX. Mice were sacrificed at 48 and 72 hours and ATCC25922 cells from mice thighs were cultured 
on LB plates with or without CFX (40 nM) to determine the number of CFX sensitive (dashed lines) and CFX resistant 
(solid lines) ATCC25922 CFUs. Error bars represent standard deviation from five independent experiments. (e) Viability 
of mouse bone marrow cells treated with indicated concentrations of Fe-PcTs for 24 and 48 hours. Error bars represent 
the standard deviation from three independent experiments. 


