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1. Microscopic image of a carbon fiber

A micrograph of the tip of a CFME was taken with scanning electron microscopy (SEM). A Quanta FEG
was used, with a 2.0 kV voltage. The micrograph (Figure 1) shows the surface structure of the carbon
fiber, and the tip of the electrode, cut to length with a scalpel blade.

Figure 1. SEM micrograph of the tip of a CFME. The bar indicates 2 µm.
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2. Impact of vertices on the capacitive current

Figure 2. ic increasing for more positive Epos and more negative Eneg, compared in
different medium 1% ethanol in PBS, and 0 µM of E2, with CV.

3. Influence of cathodic vs. anodic electrode pre-treatment on ic and Eox,E2

Figure 3. No significant variation for ic or Eox,E2 when applying cathodic and anodic
pre-treatments, both in 10 µM E2 and in PBS.
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4. Influence of the holding potential on the E2 peak current in FSCV

Figure 4. No significant variation for iox,E2 when decreasing the holding potential
Ehold in FSCV E2 detection, for a swithcing potential Eswitch of (a) 1.45 V and
(b) 1.35 V.

5. Calibration curve for E2

To better characterize the FCSV system, a calibration curve was built for the waveform defined above
(Eshi f t = 1.45 V, Ehold = −0.35 V) as shown in Figure 5(a). A linear increase in current is observed as [E2]
increases up to 10 µM (Figure 5(b)). Above this concentration, the increase is sub-linear. This is due to
the limited solubility of E2 in aqueous conditions, as E2 aqueous solubility is ~10 µM [1]. It is expected
that the slower increase in current above the solubility limit is due to the local solubilization of E2 as
freely diffusing E2 molecules are irreversibly oxidised by the CFME. To better describe this behavior,
a model smilar to a Langmuir isotherm model was used to fit iox as a function of [E2]. This model is
typically used to describe the adsorption of freely diffusing molecules on a surface, and is therefore
suitable for describing the saturation of the solution due to limited solubility.
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Figure 5. Calibration curve measurements using the FSCV. (a) The potential is varied
from −0.35 V to 1.45 V and back, at a SR of 400 V.s−1 with a frequency of 10 Hz.
(b) The obtained calibration curve for several E2 concentrations. The main figure
shows the langmuir behavior and the inset highlights the linear range. n = 5.

The sub-10 µM range was fit with a linear model (Figure 5(b), inset). The sensitivity (i.e. the slope
of the curve) was 2.66 ± 1.09 nA.µM−1 (for n = 5). The LoD, defined as the concentration associated
by the calibration curves to 3 times the standard deviation of the blank added to the blank signal, was
500.07 ± 234.55 nM (n = 5). Other studies reported a LoD in the 10 nM range [2]. The higher value
found here is likely due to differences in experimental set-up, in particular the hydrodynamic conditions
encountered in the microfluidic test chambers. Finite element modelling (FEM, see the Supplementary
Information) simulations of the fluidic conditions in the chamber reveals a strong gradient in fluid velocity
close to the inlet, where the electrode was placed. As the local fluid velocity U controls the Faradaic
current through constriction of the viscous boundary layer, the recorded signal is strongly dependent on
electrode placement, etc. Consequently, the LoD, which is basically the noise divided by the sensitivity
(signal) is largely influenced by the changes in the velocity field, which largely accounts for the differences
observed here.

6. Calibration curve for DA FSCV

Figure 6 displays a calibration curve computed for DA in PBS, using FSCV, for 3 electrodes. The LoD
was 52.87 ± 22.99 nM, and the sensitivity was 25.41 ± 1.42 nA.µM−1.
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Figure 6. Calibration curve for the FSCV detection of DA, in PBS, for 3 electrodes.
The data is presented as mean ± SD.

7. FSCV of other neurotransmitters and molecules of the brain

To highlight the possibility of detecting, identifying and resolving several neurotransmitters or molecules
in the brain with an unmodified electrode, the FSCV protocol was repeated for several molecules of
neurochemical significance. 5-HT and OA are neurotransmitters (Figure 7 and Figure 8), and AA is a
redox molecule present in high concentration in the brain (Figure 9). For all these molecules, CV traces
could be acquired, and the shapes of these CV allow the identifcation of a specific molecule.

Figure 7. FSCV detection of 5-HT. (a) Typical FSCV data for 10µM 5-HT in PBS
with (b) the time evolution of the peak current at the potential indicated by the white
dotted line and (c) the CV extracted from the point of maximum peak current.
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Figure 8. FSCV detection of OA. (a) OA5-HT in PBS with (b) the time evolution
of the peak current at the potential indicated by the white dotted line and (c) the CV
extracted from the point of maximum peak current.

Figure 9. FSCV detection of AA. (a) Typical FSCV data for 1 mM AA in PBS with
(b) the time evolution of the peak current at the potential indicated by the white dotted
line and (c) the CV extracted from the point of maximum peak current.
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8. Simulation of the microfluidic chip

Figure 10. Schematics of the channel dimension in the microfluidic chip. The black
arrow indicates the approximate position of the CFME during the tests.

As explained in the main text, a microfluidic chip was built to run the FSCV tests. In all the tests, the
flow rate was maintained at 1 ml.min−1. The channel itself was made from PDMS using standard
soft lithographic techniques. The mold was made using a desktop 3D printer, featuring the channel
presented in Figure 10. The CFME was placed in the lumen of this channel to run the test, with the
sensing part being located in the 3-mm disk, as indicated by the black arrow. The inlet port was cut with a
1-mm biopsy punch, at the center of the electrode chamber. A section of tubing was fitted to this port to
connect the chip to a syringe pump.

Finite element modeling (FEM) simulations were run with COMSOL. The fluidic system was
designed as displayed in Figure 11. A flow rate of 1 ml.min−1 was applied to the inlet. The system was
solved for a laminar flow of water, and the stationary state was considered.

Figure 11. FEM modeling of the fluidic chamber. (a) Geometry of the model.
(b) Results of the simulation of the fluid velocity, with projections over (c) the xy and
(d) yz planes.
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As shown in Figure 11(b)–(d), large variations in fluid velocity can be observed in the circular
chamber close to the inlet, where the electrode was placed. This can impact the electrochemical response
of the sensor, as discussed in the main manuscript.

9. E2 detection methods

Table 1 summarizes some of the most common method available for detecting E2. It also highlights
different parameters, especially the possibility to run real-time measurements, to better underline the
advantages of FSCV.

Table 1. Comparative summary of some of the most common techniques for
E2 detection.

Detection method LoD (DA) LoD (E2) In vivo real-time analysis Affordability

Immunoassays
RIA No No Expensive,

complex
equipment

ELISA 17.4 pM [3] 1.5 nM [4] No
CLIA No No

Mass spectrometry 1.3 nM [5] 367 pM [6] No Expensive, complex equipment

LC, GC or HPLC 26 pM [7] 37-92 nM [8] No, except if coupled with microdialysis (temporal resolution > min) Expensive, complex equipment

Biosensors 19 nM 37 nM Possible Fabrication can be difficult and/or expensive

Electrochemistry
DPV, CV, SWV 0.62 nM [9] 0.2 µM to 0.5 fM [10] No Cheap,

easy-to-use,
sustainable

FSCV 15 nM [11] 31.2 nM [12] Temporal resolution < 100 ms

RIA: Radio immunoassay; ELISA: Enzyme-linked immunosorbent assay; CLIA: Chemiluminescence immunoassay; LC: liquid chromatography; GC: gas
chromatography; HPLC: high-performance liquid chromatography.
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