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Hypothesis

Increasing demand for renewable green-energy technologies led to
intensive investigations of various biofuel cell (BFC) concepts.
Bioelectrochemical systems that are based on various electroactive
microorganisms and driven by their metabolic processes are called
microbial biofuel cells (MFCs). Saccharomyces cerevisiae is an
attractive organism for the MFC development, since it has a well
established metabolism and genome, has a broad substrate spectrum,
is non-pathogenic, and can tolerate a broad spectrum of external
conditions. The major drawback of yeast-based technology is low
charge transfer across cell wall/membrane. This could be potentially
improved by modifying cell wall with conducting polymers and ”bridging”
the inside of the cell with the outside. Polypyrrole is one of the most
popular conducting polymers and it has been shown not to be severely
toxic and successfully incorporate between cell wall and membrane
over 24 hour modification [2]. Another mussel-inspired functionalization
of yeast cell with conducting polydopamine was shown to form a
biomimetic shells-on-cells (Fig.1) [1]. These two conducting polymers
have have a high potential to improve yeast-based MFC efficiency.

• PDA can be synthesized in a controlled fashion by manipulating reaction solutions’ pH from 5.0 to 7.5.
• Open circuit potential experiment revealed that yeast cells modified with conducting polymers improved charge

transfer. Electrochemical system based on Y@PDA had a peak value of 110 µW/m2 at 21 mV compared to
untreated - 50 µW/m2 at 15 mV. While electrochemical system based on Y@Ppy had peak at 110 µW/m2 at
21 mV compared to untreated - 80 µW/m2 at 18 mV.

• Chronoamperometric experiments in the flow-through system concurred with our hypothesis that a short (2 h
lasting) modification time of yeast cells with both polymers is more beneficial in terms of electrical current
production while maintaining good cell viability.
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Cultured Saccharomyces cerevisiae was subjected to modification with dopamine (Fig. 3) or pyrrole (Fig. 2) in a
controlled fashion for 2 hours. Modified yeast were evaluated in two major experiments: i) chronoamperometric
evaluation of current generation in electrochemical flow-through system; ii) open circuit potentiometry and
subsequently calculated generated power density on a classical two compartment MFC system.

A short 2-hour modification with polydopamine or polypyrrole is sufficient for improving charge transfer across
yeast cell wall/membrane.

Fig. 2. Schematic representation of Ppy
synthesis at yeast cell surface [1].

Fig. 1. c) TEM images of PDA modified
yeast. d) non-modified yeast. e) and f)
modified yeast cell wall.
d) – f) scale = 100 nm [3].
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Fig. 3. Schematic representation of yest modification with
dopamine. Polymerization of dopamine is achieved by
triggering spontaneous dopamine polymerization by
changing incubation buffer pH from acidic to weak
alkaline [3].

Fig. 4. Spectrophotogram in 350 – 700 nm range of 2-hour modified 
b) yeast and a) collected supernatant. 
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Fig. 5. A real and schematic representations
of flow-through system that imitates a part of
a simplified commercial MFC system. The
yeast were placed into the device as free
flowing in neutral PBS buffer.

Fig. 6. The chronoamperogram of modified
yeast cells subjected to a flow-through system
containing 0.1 M PBS solution, pH 7.0, where
0.5 mM K4[Fe(CN)6] was used as redox
mediator. The system flow rate was set to
35 mL/min and turned on at 5 min mark.
Where noted, glucose was added at 10 min
mark with final concentration of 200 mM.
(A) Current registered using Y@PDA-26 at
different incubation durations (30, 60, and
90 min) at pH 5.0, with following 1 h
polymerization at pH 7.5. (B) Current
registered using Y@PDA-26 firstly incubated
1h at pH 5.0 then polymerizing at pH 7.5 with
different incubation durations (1, 3, and 6 h).
(C) Current registered using Y@PDA-13 and
Y@PDA-26 and their response to addition of
glucose. (D) Current registered using
Y@Ppy-100, Y@Ppy-300, and Y@Ppy-500
and their response to addition of glucose.
(E) Time comparison of 2, 8, and 24 h using
Y@Ppy-300. Data depicted in A, B, and C as
average signal value ± SD.

Fig. 7. The dependence of calculated power
density on the generated potential in a two
compartment MFC, which consisted of (A)
Y@PDA in PBS with 5 mM of K4[Fe(CN)6],
(B) yeast modified with dopamine in PBS with
5 mM of K4[Fe(CN)6], and 200 mM glucose,
and (C) yeast modified with Ppy in PBS with
5 mM of K4[Fe(CN)6]and 200 mM glucose. All
measurements were performed in a two-
electrode based electrochemical cell.


