Isolation of Bacterial Extracellular Vesicles from Raw Samples

Using a Portable Microstructured Electrochemical Device
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Atomic Force Microscopy (AFM) imaging of the antibody-vesicle interaction
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Fig. S1 (A) AFM topography image of a pristine mica substrate. (B) Height profiles along the lines marked in Panel A. The root
mean square (RMS) roughness of the pristine mica substrate is 0.14 nm. (C) AFM topography image of the pristine antibody
(anti-OmpA) sample deposited on mica substrate. (D) Height profiles along the lines marked in Panel C. The RMS roughness
of the anti-OmpA is 0.40 nm. (E) AFM topography image of E. coli-derived EVs on mica substrate. The E. coli-derived EVs were
separated using UC, (Section “General protocol for isolation by UC”). (F) Height profiles along the lines marked in Panel E. (G)
AFM topography image of the E. coli-derived EV-antibody (anti-OmpA) complexes on mica substrate. (H) Height profiles along
the lines marked in Panel G. (I) AFM topography image of the pristine carbon fiber surface. (J) Height profiles along the lines
marked in Panel I. The RMS roughness of the pristine fiber is 8.4 nm. (K) and (M) AFM topography images of a carbon fiber
incubated with EV-protein complexes, as depicted in Figure 1 in the main text. (L) and (N) Height profiles along the lines
marked in Panel K and M. The RMS of the incubated carbon fibers is 14.0 nm and 12.1 nm, respectively

Fig. S1A-N present AFM topography images of the pristine mica substrate, pure antibody (anti-OmpA),
isolated E. coli-derived EVs, the E. coli-derived EV-antibody (anti-OmpA) complex, pristine carbon fiber,
and two additional images of a carbon fiber incubated with the EV-protein complex, along with their height
profiles. Typically, the height of isolated EVs ranged from 10 — 30 nm (Fig. S1E), which is consistent with
previous reports [1,2]. The 0.26 nm difference between the RMS roughness of the pristine (Fig. S1A) and
protein-covered (Fig. S1C) mica substrates indicates that the protein molecules are significantly smaller than
the EVs. Consequently, the height of the EV-protein complexes (Fig. S1G) was similar to the pure EVs (Figure
S1E). Furthermore, the topography image of the pristine carbon fiber in Fig. SiI showed absence of any
globular features like the ones clearly visible in Fig. 1F and G and Fig. S1K and S1M. The RMS roughness of
the incubated carbon fibers ranged from 12.1 nm to 17.7 nm, notably exceeding that of the pristine carbon

fibers (8.4 nm), indicating the successful capture of EV-protein complexes by the incubated fibers.

Isolation of bacterial EVs from Gram-negative E. coli and Gram-positive Lb.

Sfermentum and from Gram-negative E. coli urine- contaminated samples with UC

EVs were isolated from 25 mL of: E. coli supernatant, Lb. fermentum supernatant and E. coli-contaminated
urine sample, following the protocol in Section “General protocol for isolation by UC”. The pellets were

dispersed in 1 mL of PBS and stored at 4 °C prior to characterization.
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Fig. S2 Characterization of bacterial EVs isolated from Gram-negative E. coli supernatant, using UC. (A) NTA plot.
Experimental data are expressed as mean (orange) + SD (dark blue) (n = 3). (B) Representative low magnification TEM image
of a field of isolated EVs in PBS. Scale bar: 100 nm. (C) Representative high magnification TEM image of a field of isolated EVs
in PBS. Scale bar: 1000 nm. The EVs are indicated with white arrows. (D) Representative low magnification cryo-TEM image
of two isolated EVs in PBS. Scale bar: 100 nm. (E) NanoFCM analysis of CellTrace™ Far Red (CTFR) stained EVs and (F) PBS
control sample (buffer only). A representative bivariate dot plot of size (nm, x axis) vs. CTFR (y axis) is shown, with
corresponding histograms displayed alongside. CTFR-positive events are shown in red, while CTFR-negative events are shown
in blue. A representative plot is shown, with the mean values of size being 86.7 + 12.0% for CTFR-positive and 13.3 + 12.0% for
CTFR-negative events. For the PBS plot, the mean values are 0% for CTFR-positive and 100% for CTFR-negative events.
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Fig. S3 Characterization of bacterial EVs isolated from Lb. fermentum supernatant, using UC. (A) NTA plot. Experimental data
are expressed as mean (orange) + SD (dark blue) (n = 3). (B) Representative low magnification TEM image of a field of isolated
EVs in PBS. Scale bar: 200 nm. (C) Representative high magnification TEM image of a field of isolated EVs in PBS. Scale bar:
500 nm. The EVs are indicated with white arrows. (D) NanoFCM analysis of CellTrace™ Far Red (CTFR) stained EVs and (E)
PBS control sample (buffer only). A representative bivariate dot plot of size (nm, x axis) vs. CTFR (y axis) is shown, with
corresponding histograms displayed alongside. CTFR-positive events are shown in red, while CTFR-negative events are shown
in blue. A representative plot is shown, with the mean values of size being 93.8 + 0.8% for CTFR-positive and 6.2 + 0.8% for
CTFR-negative events. For the PBS plot, the mean values are 0% for CTFR-positive and 100% for CTFR-negative events.
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Fig. S4 Characterization of bacterial EVs isolated from Gram-negative E. coli-contaminated urine sample, using UC. (A) NTA
plot. Experimental data are expressed as mean (orange) + SD (dark blue) (n = 3). (B) Representative low magnification TEM
image of a field of isolated EVs in PBS. Scale bar: 200 nm. (C) Representative high magnification TEM image of a field of isolated
EVs in PBS. Scale bar: 1000 nm. The EVs are indicated with white arrows. (D) Representative low magnification cryo-TEM
image of two isolated EVs in PBS. Scale bar: 100 nm. (E) NanoFCM analysis of CellTrace™ Far Red (CTFR) stained EVs and
(E) PBS control sample (buffer only). A representative bivariate dot plot of size (nm, x axis) vs. CTFR (y axis) is shown, with
corresponding histograms displayed alongside. CTFR-positive events are shown in red, while CTFR-negative events are shown
in blue. A representative plot is shown, with the mean values of size being 88.3 + 5.9% for CTFR-positive and 11.7 + 5.9% for
CTFR-negative events. For the PBS plot, the mean values are 1.6% for CTFR-positive and 98.4% for CTFR-negative events.



Dynamic Light Scattering (DLS) results: isolation of EVs via device vs UC
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Fig. s5 Top: DLS results obtained from the E. coli and Lb. fermentum samples collected after isolation with the device
compared to UC. (A) The hydrodynamic diameter and (B) the zeta potential values of the EVs after isolation from E. coli
supernatant by UC (left) and the device (right); (C) The hydrodynamic diameter and (D) the zeta potential values of the EVs
after isolation from Lb. fermentum supernatant by UC (left) and the device (right); (E) The hydrodynamic diameter and (F) the
zeta potential values of the EVs after isolation from E. coli contaminated urine sample by UC (left) and the device (right).
Statistical significance was calculated by unpaired t-test with a two-tailed distribution and unequal variance. Significance is
indicated by an asterisk (*), with ns representing P > 0.05. Means + SD (n=3). Compared to NTA values, the DLS values differ,
which is expected due to the distinct measurement principles underlying NTA and DLS techniques. In particular, NTA measures
hydrodynamic size based on the Brownian motion of individual particles, while DLS determines size through the scattering of
light by particles in suspension.



Table S1: Preparation of BSA standards in a Corning 96-well clear polystyrene microplate for the determination of total

protein content of EV samples by Micro BCA Protein Assay

Wells Water Volume (pL) and Source of BSA Final BSA concentration (ug mL?Y)
[uL]
A1-A3 0 300 of 200 pg mL1 BSA 200
B1-B3 150 150 of A1-A3 100
C1-C3 150 150 of B1-B3 50
D1-D3 150 150 of C1-C3 25
E1-E3 150 150 of D1-D3 125
F1-F3 150 150 of E1-E3 6.25
G1-G3 150 150 of F1-F3 3.13
H1-H3 150 150 of G1-G3 1.56
A4-A6 150 150 of H1-H3 0.78
B4-B6 150 150 of A4-A6, mix and discard 150 0.39
C4-C6 150 0 0

Table S2: List of antibodies for western blotting

Name Protein Dilution Manufacturer
detected (viv)
Goat anti-mouse OmpaA 1:2000 Dako Denmark A/S
IeG/HRP (#P0447)
Goat anti-mouse EF-TU 1:2500 Dako Denmark A/S
TeG/HRP (#P0447)

Goat anti-mouse T5G101 1:2000 Dako Denmark A/S
IeG/HRP (#P0447)

Goat anti-moiise CD-9 1:2500 Dako Denmark A/S
IgG/HRF (#P0447)

Goat anti-rabbit ENOI 1:2000 Abcam CB2 0AX,
IeG/HRP UK (#ab97051)

Goat anti-rabbit OmpC 1:1800 Abcam CB2 0AX,
IgG/HRP UK (#ab97051)

Goat anti-rabbit Flagellin 1:1800 Abcam CB2 0AX,
IgG/HRP UK (#ab97051)

Goat anti-rabbit S-laver 1:2000 Abcam CB2 0AX,
IeG/HRP UK (#ab97051)




Table S3: Summary of the mean hydrodynamic diameter (nm) and zeta potential (mV) values. Data are expressed as mean +

g -
'
| ‘

Fig. S6 Original western blots corresponding: (A), (B) and (C) to Figures 2, 3 and 4 in the main manuscript. (A): EF-TU blot:
two different sample volumes were run and compared between isolation with device and UC (15 pL in the first two and 5 puL in
the other two lanes); OmpC blot: the same samples were run in four different wells; OmpA blot: the two bands could be
attributed to the presence of its precursor and mature forms. OmpA is expressed as a precursor protein with a signal peptide,
which is cleaved during its translocation to the outer membrane, resulting in a slightly lower molecular weight for the mature
form [3]. Device 1 and device 2 differed in the OmpA antibody deposition time on the electrode surface (1 h for device 1 and 20
min for device 2). (B): ENO-1 blot: the presence of multiple bands could be attributed to several factors. ENO-1 may undergo
post-translational modifications, resulting in different forms that migrate differently on the gel [4]. The ENO-1 blot was re-
incubated with primary rabbit monoclonal anti-bacterial antibody S-layer. Flagellin blot (device): the multiple, yet faint, bands
could be due to the protein undergoing post-translational modifications.(C) TSG101 and CD9 blots: devices 1 and 2 differed in
the volume of PBS used to wash the electrodes immediately after passing the sample through the channels - 40 mL and 15 mL
of PBS in devices 1 and 2, respectively. Flagellin: UC 1 refers to a Lb. fermentum EVs sample collected during an optimization
experiment, aimed at identifying ENO1. Device 1 and device 2 differed in the PBS volume (15mL for device 1 and 40 mL for

SD (n=3)
Hydrodynamic Zeta potential
diameter (nm) (mV)
E. coli EVs (UC) 127.3+4.6 -209+2.5
E. coli EVs (device) 130.1 = 6.9 -31.5+6.9
Lb. ferm. EVs (UC) 119.6 +12.2 -145+0.8
Lb. ferm. EVs (device) 120.3+3.1 -9.8+2.5
E. coli urine EVs (UC) 175+30.2 -352+13
E. coli urine EVs (device) 124.6+4.5 -343+09
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device 2) used to wash the electrodes after introducing the E. coli contaminated urine sample. The brightness of the blots was
adjusted using the Bio-Rad instrument's Image Transform feature.
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Fig. S7: Original western blot image of OmpA probed from the supernatant of E. coli bacterial culture prior to isolation by
device or UC. No bands corresponding to OmpA were detected in the unprocessed supernatant. Device 1-6 refer to samples
collected during various optimization experiments of the EV isolation process, aimed at identifying EF-TU and OmpA.
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