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Biguanides are organonitrogen compounds prevalent in
wastewater due to their widespread use in agricultural addi-
tives, pharmaceuticals, and personal care products. Metfor-
min (1,2-N-dimethylbiguanide) is the most prescribed type II
diabetes drug in the world and has been detected at signifi-
cant levels in coastal waters and rivers worldwide. While
recent studies reported the isolation of metformin-degrading
bacteria and uncovered its catabolic pathway, the biodegra-
dation of other biguanides and the connections between their
metabolic pathways remain unexplored. This study describes
establishing a collaborative undergraduate research program
amongst three universities that focused on investigating the
biodegradation of biguanides using microbes from soils and
wastewater. As part of a course undergraduate research
experience (CURE) and a summer research program, stu-
dents prepared microbial enrichment cultures using soils
from diverse locations and activated sludge samples from
wastewater treatment facilities. The samples were grown on a
minimal medium with biguanides including metformin, 1-N-
methylbiguanide, and cyanoguanidine as the sole nitrogen
sources for growth. Biodegradation and microbial growth
were monitored by HPLC analyses, colorimetric assays, and
optical density, respectively. Microbial consortia capable of
degrading multiple biguanides were obtained and further
characterized by genome sequencing and bioinformatics an-
alyses. Bacterial strains that metabolized biguanides inde-
pendently of microbial consortia were isolated and examined
for the presence of candidate genes and enzymes potentially
involved in biguanide metabolism. Guanylurea hydrolase, an
enzyme commonly found in several biguanide catabolic
pathways, was selected for further mutagenesis and
biochemical analyses. The results of these studies suggest that
the microbial catabolism of biguanide compounds shares
common guanylurea and guanidine intermediates as well as
the enzymes involved in their metabolism. The CURE and
summer research activities were implemented over two years
in introductory as well as intermediate courses at the
participating universities. Preliminary assessment results
show students’ learning gains in collaboration skills, data

interpretation, and the application of microbial enzymes to
enhance wastewater treatment processes.
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