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Introduction:  Antibiotic resistance is a growing 

public health problem. Acquisition of resistance 
through spontaneous mutations is one of the common 
mechanisms observed in resistant bacteria. Evolution of 
trimethoprim resistance is one such example where af-
finity of trimethoprim to its target Dihydrofolate Reduc-
tase (DHFR) is reduced by resistance-conferring muta-
tions. DHFR is a ubiquitous enzyme that reduces dihy-
drofolate into tetrahydrofolate, an important metabolite 
for cell growth. Therefore, mutations in DHFR can sig-
nificantly perturb its catalytic efficiency. Forward evo-
lution experiments have revealed that E. coli cells that 
evolve in the morbidostat in the presence of trime-
thoprim can accumulate up to four point mutations in 
DHFR [1, 2]. In order to understand how DHFR can 
maintain its enzymatic activity while accumulating that 
many mutations, we have purified and characterized all 
combinations of resistance conferring mutations. Next, 
by using biochemical fitness values of DHFR mutants, 
we ran computer simulations to identify plausible adap-
tive trajectories that lead to high trimethoprim re-
sistance.  

 

 
 
 
 
 
 

Finally, we quantified epistatic interactions between 
resistance-conferring mutations. Our analysis demon-
strate the existence of high-level cooperativitity in the 
DHFR enzyme.    
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Figure-1: Catalytic power vs Binding Affinity to Trimethoprim values of 48 mutants are 
shown. Catalytic Power is decreasing drastically when red mutation is acquired on top of 
two or more mutations. Dashed black line is showing the genotype that is observed in evo-
lution experiments having minimum catalytic power   
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