
That which does not kill us makes us stronger. 

-Friedrich Nietzsche
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Have any of you heard about this before? ”That which does not kill us makes us stronger’’ from Nietzsche. Yes, It’s such a motivational quote for people, but can we say that to bacteria?  
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Bacteriophages are considered as one of the most promising antimicrobial agents, but bacteria may develop resistance and survive from phage infection. However, very little is known about these mutants, will they be more virulent? Will they be more persistent in foods? What doesn’t kill them makes them stronger? My name is Zeyan Zhong, I’m from McGill University, my project is to use genomic and phenotypic methods to characterize the fitness changes of these bacteriophage insensitive e.coli O157:H7 mutants.
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Genomic Comparisons
Wildtype

E. coli O157

BIM ZZb2

BIM ZZb3

BIM ZZb4

ompC hldE

 Three E. coli O157:H7 BIMs isolated from phage AR1 infection

 Mutations found in phage receptors related gene ompC and hldE, resulting in altered 
membrane permeability
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We used phage ar1 to infect E. coli O157and isolated three mutants. We aligned the whole genome sequences of the wt to the three BIMs, specifically compared their phage receptor-related genes and found mutations in gene ompC of mutants ZZb3 and ZZb4 and in the gene hlde of zzb2. Gene ompc encodes outer membrane protein C which is one of the phage Ar1 receptors on E. coli O157. Gene hlde is involved in the biosynthesis of LPS which is the other phage Ar1 receptor. We also know that both of these two membrane components OmpC and LPS mediate cross membrane transportation of different substrates, mutations in these two component may change the membrane permeability 
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MICs to Various Substrates
Substrates Wildtype ZZb2 (hldE) ZZb3 (ompC) ZZb4 (ompC)

Ampicillin (ug/ml) 2.8 1.7* 2.7 1.7*

Cefotaxime (ug/ml) 0.125 0.125 0.125 0.0625*

Novobiocin (ug/ml) 100 25* 100 100

EDTA (mg/ml) 25 12.5* 12.5* 12.5*

SDS (mg/ml) >200 0.125* >200 >200

*. P-value<0.05

 Deep rough E. coli BIMs showed hypersensitivity to SDS (supported by 
unpublished data)

 Mutations in ompC confer to diversified membrane permeabilities. 
(Delcour, 2008) 

OmpC-
mediated

LPS-
mediated 
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So we tested membrane permeability using minimum inhibitory concentration assay. Ampicillin and cefotaxime are transported through the outer membrane protein C. So these can be used to evaluate the ompc mutation. And novobiocin, EDTA and SDS use lps-mediated pathway to cross the membrane, so these three can be used to assess the mutations in gene hldE. Mutant ZZb2 showed decreased mics to most of the tested compounds, especially to SDS, this was also observed in our previous study that deep rough e.coli bim showed hypersensitivity to SDSZZb3 and ZZb4 both have mutations in ompc, but they showed different MIC results, this might be due to the varied mutations in the gene ompc. 
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On the other hand, we compared the metabolism the wildtype and mutant ZZb4 using BIOLOG phenotype microarrays. The outer ring represents ZZb4 and the inner ring is the wildtype. Each strip in the ring represents the metabolism activity value of one specific compound in one of these categories and the value is indicated by color. 
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IF We isolate metabolisms that have significant differences between the wildtype and the mutant As you can see, most of differences are in the peptide section and the osmolyte and ph categories. 
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Differences in Metabolisms
PM plate Well# Compound Category WT AV ZZb4 AV diff. AV

PM02 B02 N-Acetyl-Neuraminic acid carbon 0 3.5 3.5
PM03 C08 D-Serine nitrogen 2 0 2
PM04 C03 D-Glucose-1-Phosphate phosphate & sulphur 2 4 2
PM04 C04 D-Glucose-6-Phosphate phosphate & sulphur 2 4 2
PM06 C10 Asp-Glu nitrogen peptides 0.5 2.5 2
PM06 E12 Gly-Ser nitrogen peptides 1.5 4 2.5
PM07 C06 Met-Pro nitrogen peptides 0 3 3
PM07 E07 Ser-Pro nitrogen peptides 1 3 2
PM07 F08 Trp-Asp nitrogen peptides 0 3 3
PM07 G07 Tyr-Glu nitrogen peptides 0 3 3
PM07 H10 Val-Tyr nitrogen peptides 0 2 2
PM08 D04 Pro-Ser nitrogen peptides 0.5 3 2.5
PM09 B04 6% NaCl + Sarcosine osmolytes & pH 2 0 2
PM10 A03 pH 4.5 osmolytes & pH 3 1 2
PM10 B04 pH 4.5 + L-Asparagine osmolytes & pH 2.5 0 2.5
PM10 B08 pH 4.5 + Glycine osmolytes & pH 3 0 3
PM10 C03 pH 4.5 + L-Proline osmolytes & pH 2 0 2
PM10 C05 pH 4.5 + L-Threonine osmolytes & pH 2 0 2
PM10 C07 pH 4.5 + L-Citrulline osmolytes & pH 2 0 2
PM10 C09 pH 4.5 + Hydroxy-L-Proline osmolytes & pH 3 0.5 2.5

 Disrupted outer membrane might increase the permeability for dipeptides. (Delcour, 2008)

 Lower tolerance in low acid might due to the loss of OmpC-conferred acid resistance. (Bekhit et al., 2011)
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Here are the details of each difference. ZZb4 has higher av in metabolizing phosphoryl glucose and dipeptides, but has lower metabolisms in low acid conditionThese might be due to ompc mutation as suggested in the literature. 
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Summary 

Mutations in genes hldE and ompC of E. coli O157:H7 mutants confer 
resistance to phage AR1, along with subsequent fitness changes that 
affect bacterial susceptibility to antibiotics and detergents. 

Altered OmpC of BIM ZZb4 likely results in lower tolerance to acid 
conditions, suggesting that bacteriophage insensitive mutants may less 
likely survive in low acid foods. 
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To sum up, mutations in phage receptor genes in E. coli O157 confer resistance to phage infection but also increase bacterial susceptibility to the tested antibiotics and detergents. Moreover, ompc mutation likely links to the lower tolerance in a low acid condition, suggesting that the phage insensitive mutants may less likely survive in low acid foods. And what doesn’t kill the bacteria doesn’t really make them stronger.
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