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ROBOX 

Expanding the Industrial Use of Robust 

Oxidative Biocatalysts for the 

Conversion and Production of Alcohols  

 
 

Marco Fraaije (left) from RUG has taken over 

as Project Coordinator and is pleased to 

report ROBOX continues to make good 

progress against the plans with plenty more 

exciting results that we will be able to tell 

you about soon 

 

Website www.H2020ROBOX.EU  

ROBOX has created a unique film to explain the 

principles of enzyme engineering in relation to our 

project. It shows how cutting edge biotechnology is 

brought to the next level to eventually replace 

classical chemical processes with biotechnology 

using enzymes - nature's most sophisticated 

machines. Video link Enzyme Engineering: 

 

 https://www.youtube.com/watch?v=ruifWn_7hVk 

ROBOX Facebook, Twitter and LinkedIn presence  

 

https://www.facebook.com/RoboxBiocatalysis 

 

https://twitter.com/ROBOX_Enzymes 

 

https://www.linkedin.com/in/robox-h2020/  

ROBOX HIGHLIGHT BIOCATALYSIS FOR DRUG MEATBOLITE MANUFACTURE 

Industrial demonstration of biocatalysis 

ROBOX has developed new cytochrome P450 production strains capable of use in pharmaceutical application. The 

value of this technology was demonstrated by the production of more than 600 g active pharmaceutical ingredient 

(API) metabolites through hydroxylation of diclofenac to 4’-Hydroxy- and 5-Hydroxy-diclofenac using cytochrome 

P450 technology. InnoSyn is now planning to exploit this ROBOX technology of producing such API metabolites for 

pharma companies for biological activity and toxicity studies as well selling to regulatory entities as metabolite 

references. 

 

“The research for this work has received funding from the European Union (EU) project ROBOX (grant agreement n° 

635734) under EU’s Horizon 2020 Programme Research and Innovation actions H2020-LEIT BIO-2014-1”.  All 

materials published in this reflect only the beneficiary´s view, the Commission is not responsible for any use that 

may be made of the information it contains. 

 

http://www.h2020robox.eu/
https://www.youtube.com/watch?v=ruifWn_7hVk
https://www.facebook.com/RoboxBiocatalysis
https://twitter.com/ROBOX_Enzymes
https://www.linkedin.com/in/robox-h2020/


 

 

 

Message from the Coordinator(s) 

The ROBOX Consortium has undergone some changes with respect to its 

members (Beneficiaries). The most prominent news in the first half year has 

been the spinning-out of the research group involved in ROBOX from DSM, 

which took place as of May 1st 2017. As this group was involved in most of the 

demonstration scale experiments, their continued involvement in ROBOX is 

crucial and the EU was asked to accept the newly formed company InnoSyn B.V. 

to become a partner in ROBOX, which has been confirmed. Consequently, the 

role of DSM has become very small, and as of September 1st 2017 the University 

of Groningen, Prof. Marco Fraaije, has taken over the role of Coordinator. 
 

Prof Rob Meier who was 
coordinator of ROBOX for the 

transition period 

 

 

Martin Schürmann 
Project Lead at InnoSyn who was 
previous coordinator of ROBOX  

https://www.innosyn.com/  
 

DSM Spin Out InnoSyn now part of ROBOX 
InnoSyn B.V. is a young SME of about 45 employees originating from a spin-out of 

DSM’s biocatalysis, chemocatalysis and organic chemistry R&D department of 

Innovative Synthesis. InnoSyn B.V. provides services for all phases of 

process/product/technology development starting from idea generation all the way to 

ongoing business. The InnoSyn group has a proven track record in delivering best-in-

class solutions by integration of multidisciplinary teams. They have over 25 years of 

experience and history as chemical R&D group at DSM (both fundamental research & 

chemical process design) that has resulted in a broad synthetic competence base, using 

the most innovative technologies in e.g. biocatalysis, chemocatalysis and flow 

chemistry. New routes to a wide range of chemicals for all kinds of markets have been 

successfully developed and implemented. Within ROBOX InnoSyn will combine and 

apply its know-how and expertise in enzyme discovery, biocatalyst production, applied 

biocatalysis and process development to investigate, improve and develop the ROBOX 

target enzymes and reactions towards the demonstrations planned in this Innovation 

Action. 

OVERVIEW OF ROBOX PROGRESS 

We can now report that the targets of ROBOX are being met with the first patent applications are on their way and a first 
successful demonstration can be reported that is within the scope of target reactions to show the added value of biocatalysis. 
Currently the first economic evaluation has been performed, and the outcome is intended to drive the process optimizing 
(work packages 3 and 4) and enzyme engineering (work packages 1 and 2). A stakeholder analysis has been performed (by the 
partner PNO) and we expect more successful demonstrations later this and early next year 

Evoxx joins Advanced Enzymes Technologies Limited 

Partner Evoxx Technologies GmbH will become a part of the global enzyme manufacturing company Advanced Enzymes 
Technologies Limited making a larger portfolio of industrial enzymes more attractive on an industrial scale including enzymes 
from the ROBOX project 

 

 

 

 

https://www.innosyn.com/


 

ROBOX at BIOTRANS 2017 

www.biotrans2017.co 

 

The 13th BioTrans Conference was held on July 09 –13th, 2017 in Budapest, at Eötvös Lóránd University. The BioTrans 
conferences are organized biennially for biologists and chemists to obtain top level information in the field of biocatalysis and 
biotransformation. BioTrans2017 was the 13th in this series of meetings initiated in Graz (Austria, 1993), bridging biologists 
and chemists in academia and industry. 

BioTrans2017 covered a wide range of topics related to biotransformations and biocatalysis. Conference deliberations were 
on many themes: single and multistep biotransformations in synthetic processes; systems biocatalysis and bio(techno)logy; 
discovery, de-novo design and development of biocatalysts; enzyme engineering by structure guided directed evolution; 
(bio)process intensification by enzyme immobilization, compartmentalization and microreactors; industrial (bio)process 
development, scale-up and manufacturing 

The ROBOX project was present in this international conference presenting some of the latest results. Among all ROBOX 
partners, nine of them participated in this event: UNIMAN, UM, UAB, RUG, INNOSYN, TUG, ACIB, RWTH and ETHZ. This 
congress allowed for disseminating and sharing ROBOX results among the scientific and industrial/SMEs community that 
attended the event. 

 

 

 

 

“The research for this work has received funding from the European Union (EU) project ROBOX (grant agreement n° 635734) 

under EU’s Horizon 2020 Programme Research and Innovation actions H2020-LEIT BIO-2014-1. This document reflects only the 

author's view and the Research Executive Agency of the European Commission is not responsible for any use that may be 

made of the information it contains.” 

 

 

http://www.biotrans2017.co/


 

Baeyer-Villiger Monooxygenases in ROBOX 

The Molecular Enzymology group headed by Marco Fraaije from the University of Groningen (the 

Netherlands) has a longstanding collaboration with Andrea Mattevi’s Structural Biology lab from the 

University of Pavia (Italy).  

This partnership has turned out to be extremely successful over time as indicated by the large amount 

of co-authored scientific publications mainly on structural characterization of flavin-dependent 

enzymes. Both groups were initiating members of the ROBOX project and are working jointly on 

identification and structure-function analysis of novel Baeyer-Villiger monooxygenases (BVMOs).  

This has resulted in the swift discovery of two robust BVMOs potentially suitable for biocatalytic 

applications.  

More specifically, a BVMO was found in the genome of a thermophilic fungus and this enzyme 

(PockeMO) shows a good activity with a range of molecularly larger and polycyclic molecules, including 

steroids [1]. These compounds represent an important class of ROBOX target molecules.  

Furthermore, a novel variant of cyclohexanone monooxygenase (CHMO) was obtained from a 

thermophilic bacterium. This enzyme (TmCHMO) displays excellent thermos-stability and readily 

converts smaller substrates [2]. Importantly, the publication by Romero et al. has been selected as a 

hot paper by Angewandte Chemie International Edition, emphasizing the significance of TmCHMO. 

Based on our findings, PockeMO and TmCHMO are expected to be important enzymes for the 

successful furtherance of ROBOX. 

 

Dr Elvira Romero (invited speaker) from RUG presents on the crystal 

structure and engineering of a novel robust Baeyer-Villiger 

monooxygenase called TmCHMO from Thermocrispum municipale at the 

International Symposium on Flavins and Flavoproteins in Groningen 

 

 

 

_________________________________________ 

1. Furst, M.J., et al., Polycyclic Ketone Monooxygenase from the Thermophilic Fungus Thermothelomyces 

thermophila: A Structurally Distinct Biocatalyst for Bulky Substrates. J Am Chem Soc, 2017. 139(2): p. 627-630. 

2. Romero, E., et al., Characterization and Crystal Structure of a Robust Cyclohexanone Monooxygenase. 

Angew Chem Int Ed Engl, 2016. 55(51): p. 15852-15855. 

 

 



 

                                                                                  

ROBOX OUTCOMES 

We are now producing products, 

demonstrations and publication. 

 

 
Our partner Lentikats has developed supported biocatalysts using ROBOX technology with immobilized alcohol 

dehydrogenase as an effective solution for conversion of ketone substrate into the alcohol products and  

immobilization of glucose oxidase (GOX) into polyvinyl alcohol (PVA) matrix as an effective tool for repeated 

use of GOX on industrial scale for production of D-glucono-1,5-lactone.  

 

 
Publication exploring the biocatalytic potential a flavoprotein oxidase resulting in a broadened substrate scope 
and deeper insights into its structural properties. 
Biocatalytic Properties and Structural Analysis of Eugenol Oxidase from Rhodococcus jostii RHA1: A Versatile 
Oxidative Biocatalyst 
Q.-T. Nguyen, G. de Gonzalo, C. Binda, A. Rioz-Martínez, A. Mattevi, M. W. Fraaije 
Partners Involved: RUG, UP http://onlinelibrary.wiley.com/doi/10.1002/cbic.201600148/full  
 

 

 
Publication describing regio- and stereoselective Baeyer–Villiger oxidations that are difficult to achieve by 
classical chemical means especially when substrates are large, functionalized molecules 
Polycyclic Ketone Monooxygenase from the Thermophilic Fungus Thermothelomyces thermophila: A 
Structurally Distinct Biocatalyst for Bulky Substrates 
M Fürst, S Savino H Dudek J Gómez Castellanos, C Gutiérrez de Souza, S Rovida M Fraaije  A Mattevi 
Partners Involved: RUG, UP  http://pubs.acs.org/doi/ipdf/10.1021/jacs.6b12246 

 

 

 
 
Publication describing the first biocatalytic one-pot double oxidation of the readily available α-isophorone to 
ketoisophorone, a valuable building block of vitamins and pharmaceuticals where the chemical method suffers 
from several drawbacks in terms of reaction conditions and selectivity.  
One-Pot Biocatalytic Double Oxidation of α-Isophorone for the Synthesis of Ketoisophorone 
Tavanti, M., Parmeggiani, F., Castellanos, J. R. G., Mattevi, A. Turner, N. J. (2017)  
Partners Involved: UNIMAN, UP  http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700620/abstract  
 
 
 

 

http://onlinelibrary.wiley.com/doi/10.1002/cbic.201600148/full
http://pubs.acs.org/doi/ipdf/10.1021/jacs.6b12246
http://onlinelibrary.wiley.com/doi/10.1002/cctc.201700620/abstract


 

 
 

 
 

Exceptional solvent tolerance and thermos-stability reported for Baeyer–Villiger monooxygenases which makes 

this enzyme very attractive for biotechnology. Given “Biocatalysis Hot Paper” status by publisher 

Characterization and Crystal Structure of a Robust Cyclohexanone Monooxygenase 

E. Romero, J. R. G. Castellanos, A. Mattevi, M. W. Fraaije 

Partners Involved: RUG, UP  http://onlinelibrary.wiley.com/doi/10.1002/ange.201608951/abstract  

 

 

 
Our partner Givaudan Suisse S.A. has published a green chemistry position paper that demonstrates their 
commitment as a positive response to the need for reducing environmental damage in the process of 
producing ingredients. Optimising energy, materials and water, and reducing waste in our product design and 
manufacturing processes is critical. In this they reference the increasing role that bioscience programmes play 
as part of Givaudan’s integrated green chemistry approach to create a more sustainable palette of ingredients.  
For the full story go to: https://www.givaudan.com/sustainability/green-chemistry-in-
action?destination=sustainability 

 

 
This is a DSM pre- ROBOX seminal paper on Cytochrome P450 scale-up in OPRD Journal was published early in 
ROBOX project and was foundation work that demonstrated the potential for commercial scale use and 
convinced DSM of the value of developing the ROBOX project.   
Enabling Selective and Sustainable P450 Oxygenation Technology. Production of 4-Hydroxy-α-isophorone on 
Kilogram Scale 
I Kaluzna, T Schmitges, H Straatman, D van Tegelen, M Müller, M Schürmann, D Mink 
Partners Involved: DSM http://pubs.acs.org/doi/abs/10.1021/acs.oprd.5b00282   
 
 

 
Hydroxylation of diclofenac by cytochrome 

P450 monooxygenase in combination with 

glucose dehydrogenase (GDH-Tac) for cofactor 

regeneration yielded hundreds of grams of 

these products to demonstrate our technology 

platform   

 

http://onlinelibrary.wiley.com/doi/10.1002/ange.201608951/abstract
https://www.givaudan.com/sustainability/green-chemistry-in-action?destination=sustainability
https://www.givaudan.com/sustainability/green-chemistry-in-action?destination=sustainability
http://pubs.acs.org/doi/abs/10.1021/acs.oprd.5b00282


 

 

ROBOX AT CONFERENCES 

 

UPCOMING CONFERENCES WITH 

ROBOX INPUTS 

The 8th WORLD CONGRESS OF OXIDATION CATALYSIS – WCOC 2017 in September (3rd- 8th) in Krakow, Poland 
Margit Winkler (ACIB GmbH and Graz University of Technology) Presentation on “Enzymatic oxidations for the 
preparation of drug metabolites” 
Supported by a poster “Cytochrome P450 CYP505 Mutants For Biooxidations Of Active Pharmaceutical Ingredients” 

http://8wcoc.icsc.pl/  
 

The EUROPEAN SUMMIT of INDUSTRIAL BIOTECHNOLOGY held in Graz, in November.  An event that covers 
science and also deals with industrial needs and hopes, economic demands, funding resources or political 
aspirations with multiple ROBOX attendance (especially from our industry members) 

https://esib.at/  

ROBOX AT CONFERENCES 

 

ROBOX promoted at 13th BioTrans 2017 

 

 

The BioTrans Conferences in Budapest, Hungary are organized biennially for biologists 
and in the field of biocatalysis and biotransformation and are considered one of the 
leading conferences in this field and always attract a significant industrial participation. 
ROBOX had a strong presence with eight posters demonstrating our wide ranging 
activities in this field. 

 

19th International Symposium on Flavins and Flavoproteins 

 

Dr Elvira Romero (invited speaker) from the department of Molecular Enzymology of RUG 

University presented her latest ROBOX-related research. Specifically, she presented the crystal 

structure of a novel robust Baeyer-Villiger monooxygenase called TmCHMO from 

Thermocrispum municipale as well as the engineering of this enzyme to obtain variants with an 

improved regioselectivity for the conversion of 2-butanone. 

 

 

ROBOX used in training and promotion in Italy 

Our partner (Pavia) used ROBOX material in lectures on 

pharmaceutical biocatalysis (in Masters in Drug Design 

and Development) and Bioeconomy Dialogues. (meeting 

between the universities and biotechnological companies 

in Lombardia). 

http://8wcoc.icsc.pl/
https://esib.at/


 

 

 
 

 

PROJECT MEETINGS 
Face to face project meetings on a regular basis is 
considered vital for good communication that will 
lead to fruitful exchanges and collaborations in the 
ROBOX project and we are pleased to report on 
recent project meetings 

 

Third Project Meeting in Aachen 
The third project meeting was held here March 2017 when the plans for project research collaborations plans 
were developed. The photo below shows the group  
 

 

 

 

 

The next project meeting is scheduled to take place in Barcelona on September 19th – 21st 

 

 

 



 

Our partner Fraunhofer  (FIA) have decided 

to withdraw from the project and will leave 

when formalities are completed 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE PARTNERS 

 

No Participant organisation name Abbrev. Country 

1  DSM Chemical Technology R&D B.V. DSM The Netherlands 

2 Givaudan Suisse S.A. GIV Switzerland 

3 ChemStream BVBA CS Belgium 

4 Dyadic (became part of Genencor see Partner 20)   

5 c-LEcta GmbH CLE Germany 

6 EvoXX GmbH EVO Germany 

7 LentiKat's a.s. LK Czech Republic 

8 ACIB GmbH ACIB Austria 

9 Technische Universitaet Graz TUG Austria 

10 Rijksuniversiteit Groningen RUG The Netherlands 

11 Universita degli Studi di Pavia UP Italy 

12 Rheinisch-Westfaelische Technische Hochschule Aachen RWTH Germany 

13 The University of Manchester UNIMAN UK 

14 Danmarks Tekniske Universitet DTU Denmark 

15 Fraunhofer Gesellschaft zur Foerderung der Angewandten Forschung E.V.  FIA Germany 

16 Universitat Autonoma de Barcelona UAB Spain 

17 Eidgenoessische Technische Hochschule Zurich ETHZ Switzerland 

18 Universiteit Maastricht UM The Netherlands 

19 PNO Consultants PNO The Netherlands 

20 Genencor BV GEN The Netherlands 

21 InnoSyn BV INNO The Netherlands 

The ROBOX project is coordinated by RUG. We have 20 partners with a balanced mix of industrial and academic 

groups from 10 different countries across Europe 

 



 

 

  
 

 
 

 

 

 

 

 

 

  

 
  

 

 

 

 
 

 

“The research for this work has received 

funding from the European Union (EU) 

project ROBOX (grant agreement n° 

635734) under EU’s Horizon 2020 

Programme Research and Innovation 

actions H2020-LEIT BIO-2014-1” . 
 

 
 


