Substrate Specificity of Guanylurea Hydrolase Across Multiple Microbial Species
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Abstract

1

Results

Metformin is one of the most often prescribed medications in the world with over 80 million prescriptions per year in the U.S.
alone, and its use is expected to increase as the global prevalence of diabetes rises. Once taken, metformin is not metabolized in the
body and finds its way into waste water treatment plants. Guanylurea, metformin’s transformation product, is said to be a “dead-end”
metabolite that is accumulating in water. However, recent studies found that there is an enzyme, guanylurea hydrolase, in
Pseudomonas mendocina strain that is able to break down guanylurea into guanidine and ammonia. To further investigate the use of
this enzyme, research was conducted to investigate 13 potential bacteria that have similar enzymes to that of guanylurea hydrolase
(GUH). Plasmids containing the genes encoding the guanylurea hydrolase homologs were transformed into E.coli. These cells were
induced to stimulate protein production and prepare cell extracts. Protein concentrations were determined using the BCA assay while
enzyme activity was tested by measuring the amount of ammonia released using the Betherlot reaction. The substrate specificity of
the guanylurea hydrolase homologs was investigated on guanylurea, as well as similar compounds including, biuret, cyanoguanidine,
and 2-imino-4-thiobiuret. Most GUH homologs can only degrade guanylurea, implying that guanylurea hydrolase has a narrow
substrate specificity. In summary, these experiments are key to understanding the breakdown of metformin and its transformation
product, guanylurea.
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Figure 7: SDS Page Analysis Checking for
Induction. Dark Bands are around 25 kDa
show induction of guanylurea hydrolase
(24.8 kDa) is present. UI stands for
un-induced and I stands for induced.
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Figure 8: Substrates Tested on Microbial
Species. These substrates were chosen for
their structural similarity to guanylurea.

Figure 1: Proposed Metformin Degradation Pathway

● Guanylurea hydrolase (GUH) catalyzes the breakdown of guanylurea into guanidine and ammonia
● The enzyme catalyzes the second reaction in the metformin biodegradation pathway.
● Guanylurea hydrolase was first identified in Pseudomonas mendocina; the enzyme shares 45% sequence identity with a biuret
hydrolase from Rhizobium leguminosarum viceae
● A BLAST search identified proteins homologous to GUH enzyme in 13 different microbial species.
● These 13 strains either have a EGG or a QGG sequence, encoding for a possible guanylurea hydrolase or biuret hydrolase
respectively
● The goal of this study is to investigate the level of enzymatic activity and substrate specificity of the guanylurea hydrolase
homologs identified across different microbial species

Figure 4: Sequence Similarity of
Homologs against Pseudomonas
mendocina strain GU. Table shows
percent similarity between each
homolog
and
Pseudomonas
mendocina.

Figure 5: Phylogenetic Tree of Guanylurea Hydrolase
Homologs. The tree displays similarity of the enzymes
among the 13 bacterial homologs and Pseudomonas
mendocina strain GU, as determined from protein
sequence similarity.

Methods
Figure 6: Homology Modeling of Guanylurea
Hydrolase Homolog Active Site. One of the
homologs, D6 (shown in green), is overlaid
with biuret hydrolase (PDB Identifier 6azq,
shown in blue). The substrate biuret is shown
in violet. Hydrogen bonds between the
substrate and the residues are represented by
the dashed yellow lines.
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Figure 9: Specific Activity of Homologs Across Substrates. 8 of the 13 homologs had activity
with guanylurea and/or biuret. No enzymes demonstrated significant activity with
cyanoguanidine or 2-imino-4-thiobiuret.
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Figure 2: Flowchart of computational steps used to analyze strains of
microbial species.
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● Out of all the 13 bacteria strains tested, only 8 of them had activity with guanylurea and/or
biuret.
● No enzyme activity was observed with cyanoguanidine or 2-imino-4-thiobiuret.
● Additional substrates with structures similar to guanylurea (such as triuret) can also be tested
with the homologs to determine enzyme substrate specificity.
● Homology modeling can be used to better understand the activity of the enzymes on their
substrates.
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Future Steps
Figure 3: Protein Expression and Analysis from Microbial Species. The plasmid shown above
was transformed into E. coli to allow for protein production and activity assays to be carried
out. The E. coli were induced, lysed to obtain a cell extract. BCA and Berthelot assays were
used to determine protein concentration and enzyme activity, respectively.

● The enzymes of interest can be purified for further optimization of yield and purity.
● The homologs can also be tested at varying temperatures, pH, salinities to determine optimal
conditions for catalysis.
○ The bacteria strains are from diverse environments so different conditions may allow for
the detection of enzymatic activity in the 5 homologs who did not show any significant
activity.
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