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Abstract: Single electrochemical impacts of Shewanella oneidensis 

MR-1 Gram-negative electroactive bacteria onto ultramicroelectrode 

surfaces are reported and in-depth analysed. Chronoamperometry 

measurements recorded onto 10 µm-diameter Pt and 7 µm-diameter 

carbon fibre disk ultramicroelectrodes in a 20 mM potassium 

ferrocyanide aqueous solution in the presence of living bacteria 

show an electrostatic attraction of Shewanella cells onto the 

ultramicroelectrode surface polarized at +0.8 V vs Ag/AgCl. Single 

current step events analysis and atomic force microscopy 

experiments confirm the adsorption of living bacteria following-up the 

collision onto the ultramicroelectrode surface. The bacteria washing 

step before the chronoamperometry measurements leads to lower 

current step events related to the smaller size of the living cells. The 

electrostatic attraction of the negatively-charged bacteria onto the 

positively-charged ultramicroelectrode surface polarized at the 

oxidation potential of ferrocyanide is clearly demonstrated. 

Introduction 

These last years, different innovative analytical methods with 

high sensitivity and spatial-temporal resolution allowing 

qualitative and quantitative analysis at single-cell and subcellular 

levels have emerged.[1] The four major areas of analytical 

methods usually reported are electrochemical analysis, super-

resolution microscopy, mass spectrometry imaging, and 

microfluidics.[1] The crucial and unique advantage of 

electrochemistry is to combine high sensitivity and easy handling 

with a light and portable instrumentation allowing to work with 

miniaturized devices for micro-biosensor applications.[2–4] In this 

way, the electrochemistry of discrete impacts onto 

ultramicroelectrode (UME) gives the opportunity of 

electrochemical analysis at single-cell level with high 

sensitivity.[1,5–7] Fast and easy handling instruments for detection 

of bacteria at the single cell scale (the highest possible 

sensitivity) have become reachable with the promising 

electrochemistry of single impacts onto a microelectrode 

surface.[7–12] Although this method is not efficient for selective 

bacterial detection yet, the observation of these single events 

can provide information on various individual nanoparticles in 

contrast to ensemble (bulk) measurements.[13–17] The main 

advantage of studying collisions of single entities is the low limit 

of detection (in principle, one single species) inherent to this 

electroanalytical method and the ability to study various single 

entities (e.g. cells, viruses, nanoparticles) in real time (dynamic 

measurement).[12,18–22] 

 

Figure 1. Single electrochemical impacts of Shewanella oneidensis MR-1 onto an ultramicroelectrode (UME) polarized at the oxidation potential (+0.8 V vs 
Ag/AgCl) of the ferrocyanide redox probe in solution and post-characterization of the living bacteria adsorption onto the UME surface by atomic force microscopy.

Also, this approach is advantageous because it allows the direct 

characterization of the electrical interaction between a single 

bacterium and an UME under controlled conditions, in the 

absence of a biofilm (UME surface biofouling), and also 
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minimizes the effect of secreted materials on the sensitivity of 

the electrochemical signal.[23] The recording of single collisions 

events in the chronoamperometry curve corresponding to 

bacteria impacts onto the UME surface is performed in an 

aqueous solution usually containing a redox active probe and 

about 1010 bacteria per milliliter.[10,12] The collision event signal 

observed is usually a current step when one bacterium impacts 

the UME, corresponding to a blocking effect because of the 

bacterium adsorption onto the UME surface.[8–10,12,24] In these 

conditions (presence of an aqueous redox probe and bacteria), 

the response signal expected from single bacterium collision 

event may also be a current spike corresponding to either the 

own electrochemical activity of the bacterium toward the redox 

probe and the UME applied potential or a bouncing effect of the 

bacterium which does not stick onto UME surface.[9,11,12,24,25] 

To better analyse the bacteria adsorption process onto the UME 

surface during single electrochemical impact measurements, 

here we present optimized experiments of Shewanella 

oneidensis MR-1 (SOMR1) Gram-negative electroactive bacteria 

adsorbed onto carbon fibre (CF) and Pt UME surfaces polarized 

at the oxidation potential of ferrocyanide (+0.8 V vs Ag/AgCl) 

during electrochemical impact experiments (Figure 1). Based on 

our expertise in single impact electrochemistry, electroactive 

bacteria and on our previous preliminary work,[12,26–30] here we 

demonstrate that the frequency of living bacteria collisions, 

which is related to cells concentration (in conditions where the 

mass transport is controlled by diffusion), is in agreement with 

the electrostatic attraction of negatively-charged bacterial cells 

to the electric field of the UME surface polarized at +0.8 V vs 

Ag/AgCl. Atomic force microscopy (AFM) post-characterization 

of the UME surface confirms the bacteria adsorption (Figure 1), 

demonstrating that electrostatic attraction has a significant 

importance in the collision process of living bacterial cells to the 

positively-charged UME surface (polarized at the oxidation 

potential of ferrocyanide). 

Results and Discussion 

The applied potential for the chronoamperometry measurements 

performed in 20 mM K4Fe(CN)6 and 0.1 M PBS at pH 7.4 

aqueous solution is +0.8 V vs Ag/AgCl (3 M KCl), corresponding 

to the steady-state current of the aqueous redox probe at CF 

and Pt disk UMEs (radial diffusion) as determined by cyclic 

voltammetry (Figure S1).[31] The theoretical steady-state current 

iss (oxidation of Fe(CN)6
4-), is given by Equation 1 below.[31] 

iss = 4nFDreCb       (1) 

In Equation 1, n is the electron stoichiometry (n = 1), F is 

Faraday’s constant, D is the diffusion coefficient of redox 

species (6.7×10−6 cm2 s-1 for Fe(CN)6
4-),[32] re is the UME disk 

radius (re(CF) = 3.5 µm and re(Pt) = 5 µm), and Cb is the bulk 

concentration of redox species (Cb = 20 mM). The steady-state 

current values observed in the cyclic voltammograms reported in 

Figure S1 (15 nA at CF UME and 23 nA at Pt UME) are in 

agreement with the theoretical limiting plateau current calculated 

from Equation 1 (iss(CF) = 18 nA and iss(Pt) = 26 nA). 

In the absence of bacteria in solution, no current step is 

observed over a 600 s polarization time at +0.8 V vs Ag/AgCl in 

the blue i-t curve recorded at UME (Figure 2A and Figure S2A), 

as expected. In contrast, after addition of 109 cells of SOMR1 

bacteria sample in solution with K4Fe(CN)6 as redox probe (red i-

t curve, Figure 2A), the stair step current response is detected 

and assigned to single bacteria impacts onto the UME surface, 

which locally block the flux of Fe(CN)6
4- to the electrode surface. 

The shape of the current step events is similar in the red i-t 

curves recorded at CF (Figure 2A) and Pt (Figure S2A) UMEs 

indicating that the type of electrode used is not a crucial 

parameter for single SOMR1 collisions in ferrocyanide. Note that 

only current steps with a current magnitude at least three times 

higher than the noise were considered as collision events in our 

study (see Figure S3). Most of the time, a current decrease in 

the shape of stair steps is observed (Figure 2A and Figure S2A) 

and indicates that most of the bacteria which impact stick and 

remain adsorbed on the UME surfaces after collision. Also, the 

time scale of a single impact event is overall included between 

0.2 and 1.0 s with a large majority inferior to 0.5 s. 

 

Figure 2. Chronoamperometry measurements recorded on 7 μm-diameter CF UME at +0.8 V vs Ag/AgCl in 2 mL of 20 mM K4Fe(CN)6 0.1 M PBS at pH 7.4 as 
aqueous solution under inert atmosphere (N2) in (blue) the absence and (red) presence of 10

9
 cells of (A) non-washed and (B) washed SOMR1 bacteria sample. 

These observations are in agreement with our previous work 

about blocking electrochemical impacts of single SOMR1 

bacteria onto CF UME in a potassium ferrocyanide aqueous 

solution.[12] In order to keep the same UME surface available 
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during single bacteria impact experiments and for evaluating the 

frequency of collisions in optimized experimental conditions, the 

chronoamperometry measurements were limited to 200 s 

(Figure 2B and S2B) in the following reported experiments. It is 

indeed visible that a higher frequency of bacteria collisions 

occurs in the first 200 s of the i-t curve, which is probably due to 

the partial covering of the UME surface by adsorbed bacteria. In 

this case, the effect of collisions is lower on the current and not 

visible after 200 s in the i-t curve and/or the electric field of UME 

is lower because of the high electrode surface coverage of 

bacteria. The difference of the background current in the i-t 

curves presented in Figure 2B is related to the UME polishing 

between each experiment. 

 

Figure 3. Chronoamperometry measurements recorded on 10 μm-diameter Pt 

UME at +0.8 V vs Ag/AgCl in 2 mL of 20 mM K4Fe(CN)6 0.1 M PBS at pH 7.4 
as aqueous solution under inert atmosphere (N2) in the presence of 10

9
 cells 

of (red) living and dead SOMR1 bacteria sample killed with sodium azide 
(green) and by heat treatment (blue). 

Another interesting observation is that no current event signal is 

detected in the i-t curve when dead SOMR1 cells, killed with 

heat or sodium azide, are added in the electrochemical cell 

(Figure 3 and S4). While killing the cells with heat may lead to 

cell lysis, sodium azide prevents microbial growth by inhibiting 

respiratory chain,[33] and therefore does not affect the cell 

membrane structure of the bacteria. This suggests that the 

negatively-charged living bacteria are attracted onto the 

positively-charged UME surface polarized at the oxidation 

potential of ferrocyanide, contrary to the dead cells. In addition, 

the increase of the current noise in the red i-t curve (Figure 3) 

from 50 s is assigned to the move of adsorbed living bacteria 

onto the UME surface. The heat treatment at 76 °C for 15 min 

was performed for killing SOMR1 cells without lysis, based on a 

published study.[34] In these conditions, the cells are dead (no 

growth on the LB agar plates) and no current step is observed in 

the corresponding blue i-t curves in Figure 3 and Figure S4. 

Hence this electrochemical method seems to be an interesting 

strategy to differentiate living and dead bacteria at the single cell 

scale.  

The current step magnitude in electrochemical blocking 

experiments is related to several parameters such as the particle 

position onto the UME surface (edge effect), as well as provides 

an overall idea of the size of the adsorbed particles (Table 

S1).[35–37] A simple estimate of the radius of the disk surface 

occupied by a single particle adsorbed onto the UME surface 

(rads) can be calculated from the following equation.[35] 

 rads = re 
    

   
       (2) 

In Equation 2, re is the UME disk radius, Δiss is the current step 

magnitude, and iss is the steady-state current previous the 

analysed current step (see Figure 1). Although Equation 2 does 

not take into account the edge effect inherent in electrochemical 

blocking experiments on disk UMEs and the shape of the 

particle, which is not spherical in the case of SOMR1 bacteria,[38] 

it allows to have an estimated value of the size of a single 

adsorbed cell.[35] 

Comparing the i-t curves recorded in the same experimental 

conditions between non-washed (Figure 2A) and washed 

(Figure 2B) SOMR1 bacterial cells, it is easy to observe that the 

current steps magnitude is higher for non-washed cells (Δiss = 80 

± 30 pA on CF UME and Δiss = 70 ± 30 pA on Pt UME) than for 

washed cells (Δiss = 60 ± 30 pA on CF UME and Δiss = 60 ± 40 

pA on Pt UME) over a batch of experiments with the same 

culture at different concentrations (more than 70 counted 

events). This can be due to the fact that the unwashed cells 

contain proteins and unbound reagents at the cell-surface that 

contribute to the collision process to the UME surface. Indeed, 

the values of the average radius (rads) of the disk surface 

occupied by a single SOMR1 cell adsorbed onto the UME 

surface (Table S2), confirm the lower size of washed bacteria 

(loss of approximatively 8.5% and 14.5% on the rads values after 

washing SOMR1 cells onto CF and Pt UMEs, respectively). This 

result suggests that the bacteria washing in 0.1 M PBS at pH 7.4 

is efficient for removing outer-cell components that are attached 

to the cells like proteins or unbound reagents. Furthermore, this 

comparison between non-washed and washed bacterial cells 

highlights the sensitivity of the electrochemical blocking impact 

method which is able to show a slight difference in the discrete 

event signals at the single-cell scale. Considering that the size of 

the rod-shaped SOMR1 cells is about 1.5 µm in length and 0.5 

µm in width,[38] the average radius value rads, estimated at ca. 

0.25 ± 0.09 µm (Table S2) is within an order of magnitude of the 

actual cell dimensions. 

Chronoamperometry measurements (200 s) were recorded at 

+0.8 V vs Ag/AgCl at a Pt UME in 2 mL of 20 mM K4Fe(CN)6 

and 0.1 M PBS at pH 7.4 with different volumes of washed 

SOMR1 cells added in the redox probe solution (Figure 4A). The 

number of current step events observed (frequency of single 

bacteria impacts) over 200 s in the i-t curves (see Figure S3 to 

count current step events in the chronoamperometry curves) can 

be plotted as a function to the concentration of washed SOMR1 

bacteria sample in the electrochemical cell (Figure 4B). As 

observed, the collision frequency increases with the 

concentration of bacteria in solution in the four i-t curves 

reported in Figure 4A. The difference of the current profile in the 

i-t curves presented in Figure 4A is related to the UME polishing 

between each experiment. The frequency of impact events is 

linearly proportional to the concentration of living bacteria in this 

experimental range (from 1.4 to 10 108 cells mL-1 of washed 

SOMR1 bacteria sample in the electrochemical cell) as 

presented in Figure 4B. This assumption must be considered 

carefully because it is not easily reproducible from an 

experiment to another, and it is not observed at the CF UME. 
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Especially below a minimum concentration (1.4×108 cells mL-1) 

and above a maximum concentration (1.1×109 cells mL-1) of 

bacteria, no current step (impact event) is observed in the i-t 

curves because of a too much low and high concentrations, 

respectively. 

 

Figure 4. (A) Chronoamperometry measurements (200 s) recorded on 10 μm-diameter Pt UME at +0.8 V vs Ag/AgCl in 2 mL of 20 mM K4Fe(CN)6 0.1 M PBS at 
pH 7.4 as aqueous solution under inert atmosphere (N2) in the presence of different concentrations of washed SOMR1 bacteria. (B) Frequency of current steps 
(single impacts) in function to the concentration of washed living bacteria sample in the electrochemical cell extracted from the corresponding i-t curves (A).

The experimental frequency fexp of single current step in the 
associated i-t curve (red curve in Figure 4A) is calculated at 0.04 
± 0.01 Hz. This frequency value corresponds to a bacteria 
concentration Cbac of about 4×109 cells mL-1 (7 pM) according to 
Equation 3 below (in conditions where the mass transport is 
controlled by diffusion).[11,12,17] 

Cbac = 
    

      
       (3) 

In Equation 3, D is the diffusion coefficient of bacteria (4.5×10-9 

cm2 s-1), NA is Avogadro’s number, and re is the UME disk radius 

(re(Pt) = 5 µm). The diffusion coefficient D is estimated for rod-

shaped particles such as SOMR1 bacteria with a length (a = 1.5 

µm) and a width (b = 0.5 µm)[38] based on the two equations 

below for circular cylinders.[39,40] 

 D = 
   

    
    

 

 
         (4) 

 w = 0.312 + 0.565
 

 
 – 0.1

  

       (5) 

In Equation 4, kB is Boltzmann’s constant, T is temperature, and 

η is the solution viscosity. 

The bacteria concentration Cbac determined from the 

experimental frequency fexp of current steps (red curve in Figure 

4A) and Equation 3 is in agreement with the concentration 

determined from OD600 (1×109 cells mL-1). The electrostatic 

attraction between the negatively-charged surface of living 

SOMR1 and the positively-charged UME surface is confirmed by 

the experimental collision frequency. In this way, the adsorption 

of single living bacteria onto the UME surface following-up the 

impact is highly favourable and supported by the stair step 

shape of collision events. In contrast, a different behaviour is 

observed (repulsive effect) when these experiments are 

performed in a 20 mM ferricyanide solution with a cathodic 

polarization (-0.4 V vs Ag/AgCl).[12] In this case, no current step 

event is observed in the chronoamperometry measurement, as 

well for living and dead (killed with sodium azide) SOMR1 

bacteria. This opposite behaviour is assigned to the electrostatic 

repulsion of the negatively-charged UME surface polarized at 

the reduction potential of ferricyanide on the negatively-charged 

cells. The cells cannot be adsorbed onto the UME surface in 

these conditions. 

In order to confirm the adsorption of single living bacterial cells 

onto UME surfaces following electrochemical impact 

experiments performed in ferrocyanide at the polarization 

potential of the aqueous redox probe (+0.8 V vs Ag/AgCl), a 

post-characterization by atomic force microscopy (AFM) was 

achieved after a chronoamperometry measurement for cells 

adsorption (Figure 5). It is noticeable to precise that without an 

appropriate polarization such as the oxidation potential of 

ferrocyanide applied to UME, no bacteria are adsorbed onto the 

electrode surface. The observation of bacteria by AFM after the 

chronoamperometry measurement is a real challenge to keep 

the SOMR1 cells onto the UME surface without any polarization. 

In these conditions, the number of cells adsorbed onto the UME 

surface cannot be correlated to the number of impact events 

because of the cells lost during the transfer and the addition of 

water for keeping the UME surface wet between electrochemical 

and AFM experiments. For this reason, the post-characterization 

by AFM was reproduced at least three times and at different 

potentials (anodic/cathodic) for controlling the 

attractive/repulsive effect of the polarization on single SOMR1 

impacts and bacteria adsorption onto the UME surface. As a 

control, Figure 5 shows the AFM images of the bare CF (Figure 

5A) and Pt (Figure 5B) UME surfaces. The presence of 

adsorbed bacteria is observed both onto the CF (Figure 5C) and 

Pt (Figure 5D) UME surfaces after a chronoamperometry 

experiment at +0.8 V vs Ag/AgCl in 2 mL of 20 mM K4Fe(CN)6 

0.1 M PBS at pH 7.4 as aqueous solution with 109 cells of 

SOMR1 bacteria sample. The shape and the size of cells 

observed by AFM are in good agreement with the morphology of 

SOMR1 bacteria.[38] This result confirms the electrochemical 



RESEARCH ARTICLE    

5 

 

data where the living bacteria which impact stick and remain 

adsorbed on the UME surface after collision because of the 

electrostatic attraction of negatively-charged SOMR1 cells to the 

positively-charged UME surface (polarized at the oxidation 

potential of ferrocyanide). 

 

Figure 5. AFM images recorded in water of (A and C) CF and (B and D) Pt 
UME surfaces (A and B) before and (C and D) after a chronoamperometry 
measurement at +0.8 V vs Ag/AgCl in 2 mL of 20 mM K4Fe(CN)6 0.1 M PBS at 
pH 7.4 as aqueous solution under inert atmosphere (N2) in the presence of 10

9
 

cells of living SOMR1 bacteria sample. The circle in white dashed line is 
added for showing the UME disk on the AFM images. 

Conclusion 

In this work, single electrochemical impacts of SOMR1 Gram 

negative electroactive bacteria onto a carbon fibre and Pt 

ultramicroelectrodes polarized at the oxidation potential (+0.8 V 

vs Ag/AgCl) of the ferrocyanide redox probe in solution are 

optimized and analysed. The electrochemical blocking method 

data confirm that living bacteria stick and remain adsorbed onto 

the ultramicroelectrode surfaces according to the shape of 

current stair steps observed in the chronoamperometry 

measurements. The washing of living bacteria sample with 

phosphate buffer previous the electrochemical experiments is 

crucial to efficiently remove outer-cell components attached to 

the cells that may alter the results. The average radius value of 

the disk surface occupied by a single living bacterium adsorbed 

onto the UME surface is in agreement with the size of the rod-

shaped SOMR1 cells. The analysis of the i-t curves indicates 

that the electrostatic attraction of the negatively-charged 

Shewanella cells to the positively-charged UME surface seems 

to be a specific behaviour of living bacteria, highlighting a 

possible method to differentiate living from dead cells, which 

requires to be deepened. AFM images recorded in water after a 

chronoamperometry measurement in the presence of living 

bacteria confirm the adsorption of single cells onto the CF and 

Pt UME surfaces. 

These experiments should be repeated by coupling the 

electrochemical experiments to optical microscopy 

measurements in order to confirm our observations in real time 

with a high temporal and spatial resolution. Also, this work 

should be extended to non-electroactive bacteria in order to 

study the influence of the extracellular electron transfer on the 

electrochemical single impact events. 

Experimental Section 

Reagents. All chemicals were reagent grade and used as purchased 

without further purification. Water used in each experiment was deionized 

water. Potassium ferrocyanide trihydrate (98.5%) was purchased from 

Acros Organics. Phosphate buffer solution at 1.0 M and pH 7.4 (25 °C) 

was purchased from Sigma Aldrich and stored at 3 °C. Potassium and 

sodium chloride were purchased from Sigma Aldrich. Phosphate buffered 

saline (PBS) used for all experiments was composed to 0.1 M 

commercial phosphate buffer solution, 50 mM KCl and 50 mM NaCl (pH 

7.4 at 25 °C) and was stored at 3 °C. Luria–Bertani (LB) medium, LB 

agar plates, sodium azide (99.5%) and glycerol were obtained from 

Sigma Aldrich. 

Bacterial strain and growth conditions. All the manipulations were 

performed under sterile conditions to avoid contamination with other 

microorganisms. Pure culture of Shewanella oneidensis MR-1 (SOMR1) 

was grown aerobically in LB medium. First a small amount of cells from 

the SOMR1 bacterial strain sample was spread with a sterile tip on a 

plate with LB agar which then was placed in an incubator (STUART, 

SI600) overnight at 30 °C for cells growth. A single colony was collected 

using a sterile tip and incubated in an Erlenmeyer containing 20 mL LB 

liquid medium which was placed in an orbital shaker (STUART, SI600) 

overnight at 30 °C and 150 rpm. The growth of the bacterial culture was 

checked by measuring the optical absorbance at 600 nm (UV-Visible 

spectrometer, Analytikjena SPECORD® 210 PLUS). The optical density 

at 600 nm (OD600) of the undiluted cells was approximately 4.0, 

consistent with the exponential growth phase.[41] The dead SOMR1 

bacteria sample was prepared by adding 20 mM of sodium azide in the 

culture at room temperature overnight. The death of bacterial cells was 

check on a LB agar plate. The heat treatment for killing bacteria was 

carried out at 76 °C for several time durations between 2 and 60 min. 

The SOMR1 bacteria solution used in the electrochemical experiments 

was prepared by centrifuging 1 mL of overnight grown culture or dead 

bacteria sample for 15 min at 2500 rpm to remove the LB growth medium, 

and resuspended in the same volume of 0.1 M PBS aqueous solution at 

pH 7.4. For the washing SOMR1 cells, an additional washing step with 

0.1 M PBS aqueous solution (pH 7.4) was performed. The bacteria 

solution in PBS was prepared just before the single electrochemical 

impact experiments and used immediately within in maximum 2 hours. 

Electrochemical measurements. The electrochemical experiments 

were carried out at room temperature (20 ± 3 °C) with a three-electrode 

cell placed in a Faraday cage (BioLogic FC-45) and a SP-300 

potentiostat (BioLogic) with an ultra-low current module using the EC-Lab 

software. For all recorded chronoamperometry i-t curves, the sample 

interval (in sampling time) was 100 ms. A Pt wire and a Ag/AgCl (3 M 

KCl) were used as a counter electrode and a reference electrode, 

respectively for all electrochemical measurements. As a working 

electrode a 10 µm-diameter Pt from CH Instruments and a 7 µm-diameter 

carbon fibre (CF) from BAS disk ultramicroelectrodes (UMEs) were used. 

Before each electrochemical experiment, the Pt and CF UMEs were 

mechanically polished using wetted fine grid silicon carbide paper from 

Struers (4000-grid SiC) and washed in water. All solutions of the 

electrochemical cell were degassed under N2 for 5 min prior to each 

measurement. The UME was then immersed in the solution of the 

electrochemical cell, connected as a working electrode and the 

electrochemical measurement was launched straight away in a matter of 

a few seconds (max. 5 s of elapsed time). All data and results presented 

in the manuscript and Supporting Information are reproducible and were 

repeated at least three times in similar experimental conditions. The 
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concentration of washed SOMR1 bacteria in the electrochemical cell for 

a volume of 70 µL (optimal volume for our electrochemical experiments) 

added in 2 mL of redox probe is estimated at ca. 109 cells mL-1 (2 pM) 

after dilution of the stock solution with OD600 = 4.0.[42] 

Atomic force microscopy measurements. Atomic force microscopy 

(AFM) experiments were carried out with a BRUKER JPK Nanowizard4 

using Qi mode. All AFM experiments were performed in water (droplet 

deposited on the UME surface after single bacteria impact experiment) 

with an applied force of 0.12 nN. Sensibility and spring constant of 

cantilever were determined by thermal noise method. qp-SCONT probe 

from Nanosensor was used with a curvature radius of 10 nm 

approximately, cantilever nominal spring constant of 0.1 N/m and 

resonant frequency of 14 kHz. All the AFM experiments were performed 

immediately within in maximum 1 hour after the chronoamperometry 

measurement and the UME surface was gently washed with distilled 

water to remove the electrochemical solution. 

Acknowledgements 

This work is supported by Nantes Université and the Région 

Pays de la Loire (Rising stars program, e-NANOBIO). The 

authors acknowledge the France-Portugal PHC PESSOA 2022 

program for support, project 47857YM. 

Keywords: single electrochemical impacts • ultramicroelectrode 

• electroactive bacteria • chronoamperometry • atomic force 

microscopy  

[1] K. Hu, T. D. K. Nguyen, S. Rabasco, P. E. Oomen, A. G. Ewing, Anal. 
Chem. 2021, 93, 41–71. 

[2] N. J. Ronkainen, H. B. Halsall, W. R. Heineman, Chem. Soc. Rev. 2010, 
39, 1747–1763. 

[3] S. Kuss, H. M. A. Amin, R. G. Compton, Chem. – Asian J. 2018, 13, 
2758–2769. 

[4] M. Amiri, A. Bezaatpour, H. Jafari, R. Boukherroub, S. Szunerits, ACS 
Sens. 2018, 3, 1069–1086. 

[5] H. K. McCormick, J. E. Dick, Anal. Bioanal. Chem. 2021, 413, 17–24. 
[6] S. Moussa, J. Mauzeroll, J. Electrochem. Soc. 2019, 166, G25–G38. 
[7] A. Sekretareva, Sens. Actuators Rep. 2021, 3, 100037. 
[8] J. Y. Lee, B.-K. Kim, M. Kang, J. H. Park, Sci. Rep. 2016, 6, 30022. 
[9] A. T. Ronspees, S. N. Thorgaard, Electrochimica Acta 2018, 278, 412–

420. 
[10] G. Gao, D. Wang, R. Brocenschi, J. Zhi, M. V. Mirkin, Anal. Chem. 2018, 

90, 12123–12130. 
[11] R. A. S. Couto, L. Chen, S. Kuss, R. G. Compton, Analyst 2018, 143, 

4840–4843. 
[12] E. Lebègue, N. L. Costa, R. O. Louro, F. Barrière, J. Electrochem. Soc. 

2020, 167, 105501. 
[13] S. G. Lemay, S. Kang, K. Mathwig, P. S. Singh, Acc. Chem. Res. 2013, 

46, 369–377. 
[14] A. J. Bard, A. Boika, S. J. Kwon, J. H. Park, S. N. Thorgaard, in 

Nanoelectrochemistry, CRC Press, 2015, pp. 241–292. 
[15] R. M. Crooks, Faraday Discuss. 2016, 193, 533–547. 
[16] L. A. Baker, J. Am. Chem. Soc. 2018, 140, 15549–15559. 

[17] S. Goines, J. E. Dick, J. Electrochem. Soc. 2019, 167, 037505. 
[18] J. E. Dick, E. Lebègue, L. M. Strawsine, A. J. Bard, Electroanalysis 2016, 

28, 2320–2326. 
[19] J. E. Dick, A. T. Hilterbrand, A. Boika, J. W. Upton, A. J. Bard, Proc. Natl. 

Acad. Sci. 2015, 112, 5303–5308. 
[20] J. E. Dick, Chem. Commun. 2016, 52, 10906–10909. 
[21] E. Lebègue, F. Barrière, A. J. Bard, Anal. Chem. 2020, 92, 2401–2408. 
[22] J. Luy, D. Ameline, C. Thobie-Gautier, M. Boujtita, E. Lebègue, Angew. 

Chem. Int. Ed. 2022, 61, e202111416. 
[23] H. Liu, G. J. Newton, R. Nakamura, K. Hashimoto, S. Nakanishi, Angew. 

Chem. Int. Ed. 2010, 49, 6596–6599. 
[24] S. N. Thorgaard, S. Jenkins, A. R. Tarach, Anal. Chem. 2020, 92, 

12663–12669. 
[25] Y. Chen, D. Wang, Y. Liu, G. Gao, J. Zhi, Biosens. Bioelectron. 2020, 

112914. 
[26] H. Smida, E. Lebègue, J.-F. Bergamini, F. Barrière, C. Lagrost, 

Bioelectrochemistry 2018, 120, 157–165. 
[27] H. Smida, E. Lebègue, M. Cortes, J.-F. Bergamini, F. Barrière, C. 

Lagrost, Bioelectrochemistry 2019, 125, 70. 

[28] H. Smida, T. Flinois, E. Lebègue, C. Lagrost, F. Barrière, in Encycl. 
Interfacial Chem. (Ed.: K. Wandelt), Elsevier, Oxford, 2018, pp. 328–336. 

[29] E. Lebègue, C. M. Anderson, J. E. Dick, L. J. Webb, A. J. Bard, 
Langmuir 2015, 31, 11734–11739. 

[30] H. Smida, C. Thobie-Gautier, M. Boujtita, E. Lebègue, Curr. Opin. 
Electrochem. 2022, 36, 101141. 

[31] A. J. Bard, L. R. Faulkner, H. S. White, Electrochemical Methods: 
Fundamentals and Applications, 3rd Edition | Wiley, Wiley, 2022. 

[32] S. J. Konopka, Bruce. McDuffie, Anal. Chem. 1970, 42, 1741–1746. 
[33] L. Cabrol, M. Quéméneur, B. Misson, J. Microbiol. Methods 2017, 133, 

62–65. 
[34] G. Fan, C. M. Dundas, A. J. Graham, N. A. Lynd, B. K. Keitz, Proc. Natl. 

Acad. Sci. 2018, 115, 4559–4564. 
[35] J. E. Dick, C. Renault, A. J. Bard, J. Am. Chem. Soc. 2015, 137, 8376–

8379. 
[36] Z. Deng, R. Elattar, F. Maroun, C. Renault, Anal. Chem. 2018, 90, 

12923–12929. 
[37] Z. Deng, C. Renault, Curr. Opin. Electrochem. 2021, 25, 100619. 
[38] R. Ray, S. Lizewski, L. A. Fitzgerald, B. Little, B. R. Ringeisen, J. 

Microbiol. Methods 2010, 82, 187–191. 
[39] M. M. Tirado, J. G. de la Torre, J. Chem. Phys. 1979, 71, 2581. 
[40] M. M. Tirado, J. G. de la Torre, J. Chem. Phys. 1980, 73, 1986–1993. 
[41] Y.-S. Xu, T. Zheng, X.-Y. Yong, D.-D. Zhai, R.-W. Si, B. Li, Y.-Y. Yu, Y.-

C. Yong, Bioresour. Technol. 2016, 211, 542–547. 
[42] A. D. Corts, L. C. Thomason, R. T. Gill, J. A. Gralnick, Sci. Rep. 2019, 9, 

1–10. 

 

 



RESEARCH ARTICLE    

7 

 

 

Entry for the Table of Contents 

 

 

 

 

The single electrochemical impacts of Shewanella oneidensis MR-1 Gram negative electroactive bacteria onto a carbon fibre and Pt 

ultramicroelectrodes polarized at the oxidation potential (+0.8 V vs Ag/AgCl) of the ferrocyanide redox probe in solution is 

investigated. The analysis of chronoamperometry measurements and the post-characterization by atomic force microscopy confirm 

the adsorption of single living bacteria onto ultramicroelectrode surfaces. 

Institute and/or researcher Twitter usernames: @CeisamLab 


