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Time course for SARA system

Figure S1. Time course of SARA testing system. Sample pumps provide
mixing, sampling, and temperature control. Cell capture on the biosensor
surface occurs at 20°C when the nanobrush is extended. The spacing of
materials near the electrode surface facilitates diffusion of redox probe and
electrolyte. During measurement, the increase of temperature causes
nanobrush collapse, which induces crowding near the electrode surface and a
change in signal due to Debye shielding. Upon return to 20°C a third
impedance measurement is taken and the data are analyzed to provide on-site
decision support regarding fecal contamination. The process takes
approximately 40 min.

Screen printed carbon (SPC) electrode surface activation

SPC electrode surface activation was performed by cyclic voltammetry in a three-
electrode setup using Ag/AgCl as reference electrode and a Pt-wire as counter
electrode. The SPC electrodes were dipped in 10 mL of 0.5 M sulfuric acid solution
and 10 scans were performed from -1.5to 1.5 V.

Functionalized SPC electrode storage

After functionalization, SPC electrodes were freeze-dried according to Soares et al. [1].
Shortly, 100 pL of 1x PBS was added to the working area of SPC electrode and they
were stored at —20 °C for 12 h. Then, the frozen biosensors were freeze-dried for 24 h
at =50 °C and 0.130 mbar using a FreeZone 4.5 L Freeze Dryer System (Labconco,
Kansas City, MO, USA). Later, the freeze-dried biosensors were stored at —20 °C until
shipping from Iowa State University to the University of Florida for hydroponic
experiments. The influence of freeze-drying process over the electrochemical
properties of SPC biosensors were evaluated by CV.



ConA functionalized SPC were evaluated by CV before and after freeze-drying
process. No significant change in peak potential (p > 0.05) or peak current (p > 0.05)
were observed for the freeze-dried electrodes (Figure S2).

Figure S2. (a) Cyclic voltammograms of the SPC functionalized electrodes
before and after the freeze-drying process. (b) Change in peak potential (AEy,
volts) and change in peak current (Aip, pA) before and after freeze-drying.
Error bars denote standard deviation (n = 3). Different letters indicate
significant difference using t-test at significance level of 5%.



Proof of concept of SARA system
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Figure S3. Simplified process flow diagram showing semi-closed loop batch
aeroponic system and SARA biosensor loop. The SARA loop contained 3
microcontroller-operated pumps, a stock solution of E. coli at 20 + 1 °C, a PBS

buffer at 40 + 1 °C and a waste tank.



SARA system workflow
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Figure S4. SARA workflow for programming the microcontroller. After
stopping the sample pump and adding a known amount of E. coli, an
electrochemical test was triggered by the program. These steps are
summarized as: stop pump #1, then wait 2 sec; start pump #2 for 5 min, then
wait 5 min; start pump #3 for 5 min, then wait 5 min; initiate biosensor
impedance measurement; then data analysis; start pump #4; initiate decision
support program. In total, the sequence required approximately 40 min. Code
available upon request.



SARA decision tree

Figure S5. Decision tree for the design of decision support application of
SARA. The design includes 12 main screens with four decision points and
multiple sources of propagated error. The end results contain multiple sources
of propagated error which are estimated using data from sensor testing results
(e.g., batch calibration error) or user error (e.g., manual calibration/data
entry).

Program
The original code for ShotBot is available at:
https://www.instructables.com/id/ShotBot-Arduino-Powered-Pump-Project/.  The

original code for AirPiano is available at: https://drive.google.com/file/d/1-
EOi1CWxxHpTxtieTizCmZC6Bq6q8Tlc/view.

Biofunctionalization



For the attachment of ConA or anti-GroEL antibody to nPt-rGO modified
electrodes, the surface was initially carboxylated with a self-assembly monolayer
(SAM) using 11-MUA, followed by amine-carboxyl conjugation chemistry. Briefly,
electrodes were immersed in 11-MUA solution (150 nM in ethanol) for 30 min at room
temperature[2,3]. Next, electrodes were rinsed with RO water, immersed in a
EDC/NHS solution (4 mg EDC and 6 mg NHS for 10 mL MES buffer), and agitated for
50 min at room temperature to allow for the activation of SAM]2,4,5]. Electrodes were
then immersed in ConA and anti-GroEL antibody suspensions at either 50 nM, 100
nM, or 200 nM concentrations in 10 mM PBS, pH 7.4 and allowed to react for 2 h with
agitation at room temperature[5,6]. In order to promote carbohydrate binding and
achieve optimum ConA activity, 1 mM Ca?* and 1 mM Mn? ions were added to the
PBS solution[3,7,8].

SEM nPt-rGO electrodes with PNIPAAm

1 um

Figure S6. SEM images of nPt-rGO electrodes with PNIPAAM nanobrushes.
(a) top view and (b-c) cross-sectional view at 10 kV and 25,000, 10,000, and
29,000 times magnification, respectively.



PNIPAAm loading

For the electrodes modified with PNIPAAm and functionalized with E. coli
antibodies (Figure S7 a and b), the ones loaded with 100 nM presented the highest ESA
value (p < 0.05) not being significantly different from the ones with 50 nM. No
difference (p > 0.05) was observed when electrodes with and without PNIPAAm
nanobrush loaded with 100 nM of antibody were compared. Additionally,
oxidation/reduction peaks for 100 nM antibody loading were higher than those
observed for other concentrations tested. Moreover, based on Figure S7 b, it seems
that above 100 nM loading the electrodes have reached a saturation point.

For ConA, nPt-rGO-PNIPA Am-modified electrodes presented similar (p >0.05)
ESA independent of the concentration loaded (Figure S7 ¢ and d). Based on the
behavior of the ESA results (Figure S7 d), it is also possible to assume that above 100
nM loading the electrodes have reached a saturation point. The influence of the
nanobrushes on the ESA for using the same ConA loading (100 nM) was also
evaluated. The presence of PNIPAAm significantly reduced (p < 0.05) the ESA of the
electrodes. ConA deposition onto nPt-rGO-modified electrodes was achieved through
the use of 11-MUA SAM'’s, while glutaraldehyde and AESH were used to initiate
ConA attachment to nPt-rGO-PNIPAAm-modified electrodes. This difference in
methods for ConA attachment likely contributes to the differences in ESA observed
for ConA loading. Furthermore, covalent crosslinking between the biosensor platform
of the non-conductive material of ConA and PNIPAAm was expected to negatively
affect the resulting ESA[9].

Considering the highest values of ESA observed for both recognition agents
(antibody and ConA) and the loading saturation indicated in Figures S7b and d, 100
nM was, therefore, chosen as the loading concentration to be used for further testing
with nPt-rGO-PNIPA Am-modified electrodes.



Figure S7. Representative CV curves at 100 mV s and comparison of ESA in
cm? for nPt-rGO-PNIPAAm-modified electrodes at different (a, b) antibody
concentration; and (¢, d) ConA concentrations. Curves represent the average
of 3 replications. Bars denoted by different letters are significantly different
from each other (p <0.05). Error bars represent the standard deviation.

Nanobrush sensing in buffer

Nyquist plot for ConA-coated nanobrush sensors targeting E. coli K12 (Figure
S8 a) and E. coli K12 in the presence of Salmonella Enteritidis (Figure S8 b) in PBS were
obtained with an AC amplitude of 0.1 V and initial DC potential of 0.25 V over a
frequency range of 1-100,000 Hz.



Figure S8. Representative Nyquist plots for PNIPAAm brush sensors
decorated with ConA over the frequency range of 1-100,000 Hz exposed to (a)
E. coli K12 (CFU/mL), and (b) equal concentrations of E. coli K12 and
Salmonella Enteritidis (CFU/mL) in PBS.
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Nanobrush sensing in food samples

Nyquist plot for ConA-coated (Figure S9 a) and Anti-GroEL (Figure S9 b)
nanobrush sensors in the presence of bacteria concentrations varying from 10-108
CFU/mL in vegetable broth were obtained with an AC amplitude of 0.1 V and initial
DC potential of 0.25 V was applied over a frequency range of 1-100,000 Hz.

Figure S9. Representative Nyquist plots over the frequency range of 1-100,00
Hz for PNIPA Am brush sensors decorated with (a) ConA; and (b) Anti-GroEL
antibody exposed to various concentrations of E. coli O157:H7 (CFU/mL) in
vegetable broth.

E. coli sensing in buffer

Electrochemical impedance spectroscopy (EIS) was used to measure the
electrochemical response produced by nPt-rGO-ConA and nPt-rGO-Anti-GroEL
antibody biosensors when exposed to E. coli K12 at concentrations varying from 102 -
107 CFU/mL without the presence of PNIPAAm nanobrushes. All tests were
performed in PBS at a neutral pH with bacteria capture taking place at 20 °C and
sensing at 40 °C. As for all the electrodes tested, the time required for bacteria capture
was 15 min and EIS measurement required 2 min to run for a total capture and testing
time of 17 min. Figures 510 a and b show Bode plots for nPt-rGO-ConA and nPt-rGO
-AntiGroEL sensors, respectively, which relates the imaginary portion of the
impedance response, -Z” (Q), over a frequency range of 1-100,000 Hz for varying
bacteria concentrations in PBS. The insets of the figure are an exploded view of the
frequency (1 Hz) for each corresponding biorecognition agent that produced the best
linear range over the bacteria concentrations tested. EIS data displayed in the form of
Nyquist plots is also shown in Figure 510 (c and d), relating the real portion of
impedance, Z’ (Q)), to the imaginary portion, -Z” (1) with the frequency increasing
from right to left on the plot. Figures S10 e shows the linear portion of the calibration
curves for both electrodes with exposure to E. coli K12. Calibration curves were
created using data obtained at 1 Hz. The calibration curves show the relationship
between the bacteria concentration tested (CFU/mL) and the change in the total
impedance, Z (%), observed.
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Figure S10. Representative Bode plots over the frequency range of 1-100,000
Hz for (a) nPt-rGO-ConA and (b) nPt-rGO-Anti-GroEL antibody modified
electrodes exposed to various concentrations of E. coli K12 (CFU/mL) in PBS.
Insets show the exploded view over the frequency range of 1-5 Hz.
Representative Nyquist plots for (c¢) nPt-rGO-ConA modified electrodes and
(d) nPt-rGO-Anti-GroEL antibody modified electrodes exposed to various
concentration of E. coli K12 (CFU/mL) in PBS. (e) calibration curves at 1 Hz for
nPt-rGO-ConA and nPt-rGO-Anti-GroEL antibody modified electrodes
exposed to E. coli K12 in PBS over their respective linear ranges. All data
represents the average of 3 repetitions. Error bars represent standard
deviation.
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Range and lower limit of detection (LOD) were determined from the linear
regions of the calibration curves for nPt-rGO-ConA and nPt-rGO-Anti-GroEL sensors.
The LOD for the nPt-rGO-Anti-GroEL antibody (732.4 + 292.9 CFU/mL) was
significantly smaller (p < 0.05) than the nPt-rGO-ConA (16133.4 + 8873.6 CFU/mL),
which is expected due to the high specificity and bind affinity intrinsic to
antibodies[10]. The sensitivity (slope of the calibration curves on Figure S10 e) of nPt-
rGO-ConA sensor (559.4 + 310.1 €)/log(CFU/mL)) was similar (p > 0.05) to nPt-rGO-
Anti-GroEL antibody sensor (287.9 +120.9 Q/log(CFU/mL)) for E. coli K12, indicating
that both are potential recognition agents for the detection of E. coli K12. Despite of
the difference in LOD, ConA was selected for further testing with the PNIPAAm
nanobrushes, considering the similar sensitivity value, its significantly lower cost and
extended shelf-life compared to the antibody/[11].

The significantly lower LOD (p < 0.05) and higher sensitivities (p < 0.05)
obtained when the electrodes were coated with the PNIPAAmM nanobrushes (main
article) indicates that the use nPt-rGO-PNIPAAm is crucial for a better performance
of the E. coli sensor, when compared to nPt-rGO alone.

In initial trials, nanobrushes were functionalized with receptor proteins, either
Concanavalin A (Con A) or an antibody (Anti-GroEL, group 1 chaperonin), and two
types of linkers were tested. In buffer and broth solutions, ConA sensors had the same
selectivity toward E. coli O157:H7 as Anti-GroEL sensors, which was further explored
by testing affinity toward Salmonella Enteritidis (see main manuscript).

SARA: Sense-Analyze-Respond-actuate

% Change Rt

Figure S11. Percent change in R« during SARA system testing. The percent
change decreased significantly with increasing E. coli concentration.
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