
• Hydrogen peroxide (H2O2) is known as “green”, mild and stable oxidant. [1]

HO

OH

catechol

Acknowledgement:
This research was made possible by the grant of the German research 

foundation (DFG) under the SPP 2240 e-biotech priority program.

References:
[1] Hasanzadeh, A. et al., (2019). Scientific reports, 9(1), 1-13.

[2] Burek, B. O., et al., (2019). Green Chemistry, 21(12), 3232-3249.

[3] Lütz, S. et al., (2004). Electrochemistry communications, 6(6), 583-587.

[4] SGL Carbon SIGRATHERM Soft Felt

< https://www.sglcarbon.com/en/markets-solutions/material/sigratherm-soft-felt/>

Application of an All-in-One Electrode 

System in the Hydroxylation Catalyzed 

by Unspecific Peroxygenase

Contact:
Giovanni Sayoga

Institute of Technical Biocatalysis

Hamburg University of Technology

Tel.: +49-40-42878-2205

E-mail: giovanni.sayoga@tuhh.de

G. V. Sayoga1, V. S. Bueschler1, R. R. Shankar1, A-P. Zeng2, D. Ohde1, A. Liese1

1Hamburg University of Technology, Institute of Technical Biocatalysis, Hamburg, Germany

2Hamburg University of Technology, Institute of Bioprocess and Biosystems Engineering, Hamburg, Germany

Introduction

Challenges in the Application of H2O2

• High production and transportation costs. [1]

• Established synthesis methods require high safety measures and produce  

considerable amount of organic waste. [1]

• Deactivation of biocatalysts even at low concentration. [3]

• Unsatisfactory approaches to minimize deactivation effect of H2O2 on

biocatalysts. [3]

Objectives

• Establish a decentralized and controllable in situ electrogeneration of H2O2 

using an All-in-One (AiO) electrode concept.

• Develop a novel and optimizable platform for H2O2-dependent enzymatic 

reaction systems.

• Increase the biocatalyst stability in regard to H2O2.

• Promote catalysts efficiency.

All-in-One (AiO) Electrode Concept

• In situ electrochemical generation of H2O2 as an approach to minimize the 

deactivation effect of H2O2 on biocatalysts.

• AiO electrode concept combines both counter and working electrode into a 

single cylindrical structure.

• Required oxygen and protons are generated at the anode and diffuse towards 

the working electrode.

• AiO electrode concept offers “green” and on demand electrogeneration of H2O2.

• Cylindrical shape offers an easy integration into conventional bioreactors.

• Carbon-based electrocatalysts are an economically attractive option.

Figure 1. Simplified sketch of an All-in-One electrode concept combining counter and working electrode in a single

cylindrical structure and mechanism of in situ generation of H2O2. Working electrode: carbon cloth, counter electrode:

platinized titanium. UPO: unspecific peroxygenase enzyme.

Model Reaction System
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• Two-step hydroxylation of benzene to phenol and hydroquinone catalyzed by 

unspecific peroxygenase from Agrocybe aegerita (AaeUPO).

• Catechol and resorcinol are undesired side products.

• H2O2 is generated in situ using the AiO electrode concept.

Summary

Outlook
• Evaluation and application of AiO concept in organic reaction medium.

• Combination of in situ generation of H2O2 (AiO) with immobilized enzyme.
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Figure 2. A. Specific H2O2 productivity and faradaic efficiency at different applied current (DAC) using the AiO electrode

concept and a carbon cloth (CC) electrocatalyst in 0.05 M citrate phosphate buffer (CP) pH 5 (projected surface area of CC

(ACC) : 11 cm2). B. Total turnover number (TTN) and space time yield (STY) from the hydroxylation of benzene catalyzed by

AaeUPO combined with the AiO electrode concept at DAC (0.05 M CP pH 5; AaeUPO 1 U mL-1; room temperature;

ACC: 5.5 cm2) . C. TTN and STY achieved using the AiO concept at 10 mA and manual feeding of H2O2 (H2O2 kept between

200-500 µM).

• H2O2 productivity and faradaic efficiency were influenced by the applied 

current and reached up to 0.75 µM min-1 cm-2 at 30 mA and 56.4 % at 5 mA.

• Hydroxylation of benzene using the AiO electrode concept and catalyzed by 

the AaeUPO was performed at different applied currents. 

• TTN and STY of 15,052 mol mol-1 at 10 mA and 154 mg L-1 day-1 at 30 mA 

were achieved.

• Lower STY (by factor 4.2) obtained at 10 mA compared to manual feeding of 

H2O2 due to limited H2O2 availability.
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