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MB-1:  a siderophore--lactam conjugate that has broad-
spectrum Gram-negative activity and is not affected by 

clinically-relevant antibiotic resistance mechanisms 
• Potent Pseudomonas aeruginosa MIC90 and resistance frequencies comparable to 
marketed -lactams (when tested using standard methods) 
• Despite in vitro activity, adaptation-based “resistance” in vivo is mediated by 
production of endogenous siderophores 

Tomaras et al (2013) AAC 57(9):4197 



Lin L et al (2012) mBio doi:10.1128/mBio.00312-12 

Activity of LpxC-1 against Acinetobacter baumannii:   
in the MIC we trust? 

• LpxC catalyzes the first committed step in 
lipid A biosynthesis; inhibitors are rapidly 
bactericidal 
 
• No in vitro activity (MIC = >512g/ml) 
against A. baumannii 
 
• LpxC-1 causes ~3-log reduction in A. 
baumannii burden in multiple organs; 
caused by significant increase in phagocytic 
killing by host 
 
• Also reduces the severity of the host 
inflammatory response by inducing the loss 
of LPS   



Non-traditional Approaches and Targets 
• Antibacterial drug development has always focused on inhibiting targets 

that are required for cell survival when grown under in vitro conditions 
(e.g. in nutrient-replete conditions) 

• Use of rich medium could be causing us to miss new targets and 
compounds that inhibit them 

• inhibition of pathways that cause auxotrophy would be missed if 
pathway’s product is provided in medium 

 

       

 

• Conducting screens in more in vivo-like conditions should 
identify in vivo-essential pathways and new potential drug 
targets 
 
• Using chemically-defined media allows for control over which 
nutrients (and pathways, if targeted) are present in the screen 
 
• Screened for inhibitors of the glyoxylate shunt in Gram-
negative pathogens as proof-of-concept 
 
 



The Bacterial Glyoxylate Shunt 
• Bypass pathway in TCA cycle that allows for 

generation of glucose from fatty acids - 
found in bacteria, fungi, some plants 

- No orthologous system identified in 
humans 

• Composed of two enzymes (isocitrate lyase 
and malate synthase) whose expression is 
induced when lipids are primary carbon 
source 

 

• Under nutrient-limiting conditions (e.g. 
lung), glyoxylate shunt is utilized to 
conserve carbons that would be lost (as 
CO2) if TCA continued normally 

- Conserved carbons are fed into 
gluconeogenesis and subsequently used 
for carbohydrate and cell wall 
biosynthesis  

• Significant literature evidence emphasizes 
importance of glyoxylate shunt for 
survival/persistence in pulmonary 
environment 

- Primary component of lung surfactant is 
phosphatidylcholine 

- Bacteria encode phospholipases and 
lipases to convert phospholipids into 
usable sources of carbon 

• Long chain fatty acids are transported 
into cells and iteratively reduced via  
oxidation prior to entering 
TCA/glyoxylate shunt 
 



Dependence of P. aeruginosa PAO1 on 
glyoxylate shunt for survival 

In vitro:  M9 minimal media 
supplemented with 0.5% each carbon 
source, incubated overnight at 37C 

In vivo:  Neutropenic CF-1 mice (n=10) 
were infected intranasally with ~5x102 
CFU LB-grown bacteria suspended in 
alginate 

Fahnoe et al (2012) PLoS ONE 7(12):e51732 



“Glyoxy” Leads Inhibit both ICL and MS 
with High Affinity 

• Screened ~150,000 compounds in M9 with acetate as the sole carbon 
source – glyoxylate shunt mutants cannot grow in this medium 

• Identified 498 primary hits (0.3%) that inhibited growth by at least 40% in 
acetate 

• MIC data demonstrates why these compounds haven’t been previously 
identified: 
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Structural conservation among some of the 8 
lead compounds provides some preliminary SAR 

Fahnoe et al (2012) PLoS ONE 7(12):e51732 



Non-traditional Targets Summary 
• Alternative screening approach identified compounds 

that had not previously been demonstrated to have 
antibacterial activity 
 

• The use of a chemically-defined medium enabled the 
exploitation of a specific metabolic pathway 

  
• Traditional screens for new antimicrobial agents are 

important, particularly when novel sources of chemical 
matter become available 
 

• Understanding the physiological state of bacterial 
pathogens in vivo would enable a more relevant 
screening approach that should have as much potential 
to identify novel drugs as traditional approaches 
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