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S1. Supporting methods

S1.1. Determination of minimum inhibitory and bactericidal concentrations of tEDTA

A broth microdilution method, based on the Clinical and Laboratory Standards Institute (CLSI)
guidelines, was employed to determine the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of tEDTA against S. aureus, P. mirabilis, and E. coli
[1,2]. Briefly, serial two-fold dilutions of tEDTA in MHB were performed in a microtiter plate. The
inoculum was prepared by adjusting the turbidity of an overnight bacterial culture in logarithmic
phase of growth to an optical density at 550 nm equivalent to 1 x 1028 CFU/mL, as verified by
viable count. The suspension was subsequently diluted to provide a final inoculum density of ca.
5 x 10> CFU/mL in each well. Following addition of the inoculum to each well of the plate, plates
were incubated at 37°C in an orbital incubator at 100 rpm for 24 h. Positive and negative controls
were included. The lowest tEDTA concentration that completely inhibited microbial growth was
recorded as the MIC. Aliquots (20 pL) from wells exhibiting no visible growth were transferred
onto nutrient agar (NA) or low swarm agar (LSWA) for P. mirabilis. The MBC was determined
following 24 h incubation of the agar plates at 37°C as the lowest tEDTA concentration required
to kill 99.9% of the inoculum. This assay was repeated on at least three independent occasions

with triplicates of all concentrations and controls included on each occasion.



$1.2. Neutraliser toxicity and efficacy assessment

For the tEDTA Kill kinetic and in vitro bladder model experiments, bacterial samples taken at each
time point for analysis were serially diluted (ten-fold dilutions) in a neutraliser solution
containing an excess of Ca?* (3.20 mM) to ensure inactivation of residual tEDTA present, through
chelation, thus preventing any further antimicrobial effect on the bacteria. Specifically, the
neutraliser was composed of 2.66 mM calcium chloride dihydrate dissolved in QSRS (containing
0.54 mM Ca?*)[3-5]. Neutraliser toxicity and efficacy were evaluated to ensure the neutraliser
solution effectively neutralised tEDTA without affecting the viability of the challenge
microorganisms: Staphylococcus aureus ATCC 29213, Escherichia coli NSM59 and Proteus
mirabilis ATCC 51286. The neutraliser toxicity assay involved preparing triplicate toxicity test
and control solutions. The test solutions were composed of 0.5 mL bacterial inoculum (1x108
CFU/mL, suspended in artificial urine (AU)) in 4.5 mL of the neutraliser solution. The bacterial
inoculum was prepared as detailed in §2.1. For the control solutions, phosphate buffered saline
(PBS) was used in place of the neutraliser. Solutions were vortexed and incubated at room
temperature for 10 min, and bacterial viability of the test and control solutions were determined
using the Miles and Misra technique [6-8]. The neutraliser was considered nontoxic if there was
<1 log;, decrease in the number of viable cells in the test solution compared to the control

solution [7,8].

The ability of the neutraliser to inactivate tEDTA activity was assessed by adding 0.5 mL 28 mM
tEDTA solution (tEDTA dissolved in AU) to 4 mL neutraliser and vortexing. After 10 min, 0.5 mL
of bacterial inoculum (1x108 CFU/mL) was added, the solution vortexed, left to incubate at room
temperature for 10 min and then the bacterial viability determined. Triplicate efficacy control
solutions were also prepared, with PBS in place of the neutraliser solution. The neutraliser was
considered effective if there was <1 log;o decrease in the number of viable cells in the neutralised

test solution [7,8].

$1.3. Analysis of crystallisation kinetics

Equivalent kinetic measurements to those detailed in §2.2.2 were performed to assess the effect
of varying magnesium concentration on the rate of struvite crystallisation in the absence of
tEDTA. The 10 mL growth solution containing X mM Mg(Cl,-6H,0:7 mM NH,H,P0,:150 mM NaCl
(X=6.5, 6, 5, 4, 3, 2), adjusted to a final pH of 8.60 (x0.03) using 1 M NaOH, was prepared and
stirred continuously. The pH was automatically recorded at 0.5 min intervals up to 600 min by an

Orion 3-Star Plus pH benchtop meter equipped with a ROSS Ultra electrode (8102BNUWP). The



pH change of the growth solution was used as an indicator of struvite crystallisation (including
the effects of both nucleation and crystal growth). The extent of reaction (EOR) was assessed
according to the following equation:

_ (pH;-pH,)
 (pH;-PH,,)

(Equation 1)

EOR x 100

Where pHi; is the initial pH (8.60), pH, is the pH at time t, and pH,., is the final equilibrium pH (pH

7.42) achieved by struvite formation free of additive (control).

S$1.4. Struvite microfluidics growth analysis

A microfluidics device was used to examine struvite growth following the set-up and protocol
reported in previous work [9,10]. Equivalent measurements to those detailed in §2.3 were
performed for various concentrations of magnesium in the absence of tEDTA. The growth
solution composition was X mM MgCl,-6H,0:2.5 mM NH,H,PO, (X = 2.5, 2.3, 2.0, and 1.5) with a
pH of 8.60 (+£0.03). The RGR was computed with respect to the control growth solution containing
2.5 mM MgCl,-6H,0:2.5 mM NH,H,PO,.



S2. Supporting results

S2.1. MIC and MBC determination

Minimum inhibitory and bactericidal tEDTA concentrations were determined against the Gram-
positive S. aureus, and Gram-negative P. mirabilis and E. coli. The MIC and MBC values are

presented in Table S1.

Table S1. MIC and MBC values of tEDTA against uropathogens.

tEDTA
MIC mg/mL (mM)  MBC mg/mL (mM)
P. mirabilis ATCC 51286 0.47 (1.24) 30 (78.9)
E. coli NSM59 3.75 (9.86) 15 (39.5)
S. aureus ATCC 29213 0.23 (0.60) >80 (>211)

tEDTA displayed a bacteriostatic effect against S. aureus and P. mirabilis at lower respective
concentrations of 0.23 and 0.47 mg/mL compared to E. coli, with a MIC of 3.75 mg/mL. The MIC
values obtained for tEDTA against these microbes are in agreement with previous reports [11-
16]. Furthermore, tEDTA exhibited bactericidal activity against the Gram-negative pathogens
with MBC values of 15 and 30 mg/mL against E. coli and P. mirabilis, respectively. Conversely,
tEDTA was not bactericidal against S. aureus up to the highest concentration tested (80 mg/mL).
El-Sharif et al. reported the absence of biocidal activity of EDTA (salt not stated) against S. aureus

and E. coli with concentrations up to 170 mg/mL [12].

S$2.2. Neutraliser toxicity and efficacy assessment

Table S2. Control and test solution viable counts for the toxicity and efficacy assays

S. aureus E. coli P. mirabilis
Test solution (1og;, CFU/mL) (10g;, CFU/mL) (10g;, CFU/mL)
Toxicity control 7.37%0.03 7.31+0.05 7.63x0.01
Toxicity test 7.39+0.03 7.23+0.01 7.60+0.02
Efficacy control 7.40%0.02 7.27%x0.03 7.57+0.03
Efficacy test 7.39+0.07 7.33+0.07 7.58+0.01




The Ca?*-containing neutraliser had no toxic effects on the challenge microorganisms; there was
<1 logyy decrease in the number of viable cells in the neutraliser test solution compared to the
control solution, as shown in Table S2. Furthermore, the neutraliser effectively neutralised the
antimicrobial action of the 28 mM tEDTA solution; there was <1 log;, decrease in the number of

viable cells in the neutralised test solution [7,8].

$2.3. Analysis of crystallisation kinetics
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Figure S1. Final pH of the samples after complete crystallisation in the absence of tEDTA while
varying the magnesium concentration (black square) and in the presence of varying
concentrations of tEDTA ([Mg] fixed at 7 mM) (red triangle). Magnesium concentration is given
as reduced [Mg] with respect to the magnesium concentration in the control (7 mM). Error bars
not visible are less than the size of the symbols.

To evaluate the thermodynamic contribution of the observed inhibition, equivalent
measurements to those discussed in §3.2.1 were performed at reduced magnesium
concentrations in the absence of tEDTA to simulate Mg?* sequestration by EDTA. As shown in
Figure S1, as the magnesium concentration is reduced, the solution equilibrates at a higher pH,
indicating a reduction in proton release, and therefore a reduction in crystallisation capacity. The
final pH as a function of reduced magnesium concentration (Figure S1, black line) closely aligns
with the final pH as a function of tEDTA concentration. This indicates that the inhibitory effect is
achieved mainly through sequestration of Mg?*. The slightly higher final pH induced by the
reduction in magnesium concentration compared to the final pH at the equivalent concentration
of tEDTA, indicates that the chelation ratio of Mg?* to EDTA is less than 1 under these

crystallisation conditions, which slightly differs from the known 1:1 chelation ratio [17,18].



S$2.4. Struvite microfluidics growth analysis
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Figure S2 (same as Figure 7): (a) Reduction in growth rate of struvite crystals along three
crystallographic directions as a function of tEDTA concentration. The growth solution consisted
of 2.5 mM Mg(Cl,-H,0/2.5 mM NH,H,PO,/X mM tEDTA. (b) Time-elapsed optical micrographs
demonstrated the effects of 1 mM tEDTA on struvite growth under solution flow (24 mL/h). Scale
bar = 20 um. (c) Reduction in growth rate as a function of magnesium concentration. Magnesium
concentration is given as reduced [Mg] with respect to the magnesium concentration in control
(2.5 mM). The growth solution consisted of X mM MgCl,-H,0/2.5 mM NH,H,PO,. Each data point
represents the average measurements of 30 or more crystals in a single batch using the



microfluidics platform. Error bars span two standard deviations. The lines are interpolations to
guide the eye.

A parallel experiment to that detailed in §3.2.2 was performed in the absence of tEDTA at a
reduced magnesium concentration to check if the characteristics of the profile were consistent
(Figure S2c). In addition, the reduction profile exhibits the same trend of b > C ~ @ with minimal
difference in reduction for the Eand a directions of growth. Therefore, the anisotropic reduction
in growth rate in different directions of growth is most likely induced by decreasing Mg?* rather
than preferential binding of tEDTA to specific surfaces. Interestingly, there is an approximately
30% difference in RGR between the two profiles assuming a 1:1 Mg:tEDTA sequestration ratio.
For instance, RGR in @ with 1mM of tEDTA is ca. 80% compared to ca. 50% RGR when Mg is
reduced by 1 mM. This indicates that, contrary to the bulk crystallisation assays, constant flow
conditions facilitate magnesium sequestration and the sequestration ratio Mg:tEDTA is higher

than 1.
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