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Influence of pH and methylation degree on the antibacterial activity
of glycine against pig specific enterotoxigenic Escherichia coli
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Introduction and Objectives
Enterotoxigenic Escherichia coli (ETEC) is worldwide the most common bacterial cause of diarrhoea

in humans (1). It is also an important cause of disease in animals, such as postweaning diarrhoea in
piglets. The latter is responsible for economic losses due to an increase in mortality and a decrease in
growth rate (2). N,N-dimethylglycine (DMG) is known to have an emulsifying effect in vitro (3).
Therefore, DMG could interact with the plasma membrane lipids of ETEC, resulting in an increase in
membrane permeability. It was our objective to determine the susceptibility of a pig specific ETEC to
the amino acid glycine and its N-methylated derivatives with one (sarcosine), two (N,N
dimethylglycine) or three methyl groups (glycine betaine).The ionization state of the amine group of all
these modified amino acids, except for betaine, varies with pH. It was evaluated whether pH
influences the potential antibacterial action of these compounds.

Materials and Methods

Overnight grown ETEC were exposed to either saline (control), 50 mM of glycine, sarcosine, DMG or
betaine at a pH ranging from 6.5 to 11. Viability of the bacteria was determined by 2-color flow
cytometry, which allows to discriminate subpopulations of live, dead and intermediate (“dying”)
bacteria (4). The latter subpopulation is characterized by an increase in membrane permeability.
Culturability was assessed by conventional plate count, based on colony forming unit (CFU) values
obtained from a 10-fold serial dilution plated on Trypsone Soy Agar.

Results and Discussion

Flow cytometry and plate count data showed a substantial decrease in viability and culturability when
the ETEC were exposed to glycine, sarcosine and DMG at an alkaline pH. This high pH is also
described in the working mechanism of alkaline phosphatase and is related to the existence of alkaline
surface microclimates in the small intestine (5,6). When incubated with betaine at a high pH, viability
and culturability of the ETEC were much less affected. At the lower physiological pig gut pH almost no
decrease in viability nor in culturability of the ETEC was observed for all four compounds.

These results suggest that the ionization state of glycine, sarcosine and DMG has a strong influence
on their antibacterial potential. It is however also possible that the alkaline stress causes the ETEC to
be more susceptible to the antibacterial effect of these ionized amino acid derivatives, causing a
decrease in viability and culturability, which was not seen when the bacteria were exposed to the
alkaline pH in absence of glycine and its N-methylated analogues.

In conclusion, our results suggest an antibacterial effect of glycine, sarcosine and DMG in an alkaline
environment. The mechanism behind this antibacterial effect remains to be elucidated.
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