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Abstract
Persisters are a subpopulation of phenotypic variants in a bacterial population tolerant 
to bactericidal antibiotics. Studies have implicated toxin-antitoxins in persister 
formation. hipBA is a TA module, mutations in which increase persisters in Escherichia 
coli. It is the first identified high persister gene. We sequenced hipA from 450 clinical 
and environmental isolates of E. coli and saw marked polymorphism in hipA sequences 
of these strains as compared to the wildtype. Some of these increased persisters by 1000-
fold. This lead us to the question: under which conditions in the environment would 
hipA accumulate mutations leading to higher antibiotic tolerance?

In yeast, Hsp90 chaperone folds damaged proteins, allowing mutations that might 
otherwise cause loss of function to remain viable. We suggest that persister formation is 
similarly aided by the HtpG chaperone, which has been proven to be active in folding 
kinases (like HipA) and is the prokaryotic homologue to Hsp90 based on substrate size.   
Studies have shown that genes with a higher level of expression acquire mutations more 
frequently, as do genes on the chromosome’s lagging strand when compared to the 
leading strand. The hipBA locus is present on the lagging strand, so we propose that 
overexpression of htpG in the presence of an inducer of hipA would result in an 
accumulation of mutations within the hipBA locus, potentially resulting in a high 
persister phenotype. By comparing mutation rates in hipBA between wild-type, ΔhtpG 
strain, and an htpG over-expression strain under hipA-inducing growth conditions, we 
hope to identify conditions responsible for producing high persister hipA mutations.

Background
● Persisters are a small subpopulation of phenotypic variants that are 

tolerant to and can survive antibiotic treatment but cannot grow in 
their presence 

● Responsible for recurrent infections
○ e.g. Urinary Tract Infections, Tuberculosis, Pseudomonas    

infections in Cystic Fibrosis

Figure 1: Survival of regular cells, resistant mutants & persisters in the presence of an antibiotic. Adapted 
from Lewis K., Nature, 2007

● hipA is part of the hipBA  toxin/antitoxin module

● Certain hipA mutations have been  shown to increase persistence 
1000 fold

● Highly expressed genes and those on lagging strand acquire 
mutations more rapidly

● Chaperone proteins help fold new proteins and repair damaged or 
faulty ones

 

Aims and Methods

Aim 1: Identify and test conditions that cause  increased hipA expression
● PortEco microarray database 
● Beta Galactosidase assay

Aim 2: Identify chaperone responsible for folding HipA
● Substrate databases, literature research

Aim 3: Determine whether htpG buffers hipA evolution

Experimental Plan

Significance

● Zinc supplements increase UTI risk
● Increased infection rate found among patients with elevated tryptophan levels
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Conclusions
● HipA mutations are prevalent in clinical isolates
● Mutations are related to family
● Indole acrylic acid, zinc, and tryptophan increase hipA expression.
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