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are peroxygenases the new P450s?
and are they really green ?
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Why I am excited about oxygenases? 
They catalyse dream reactions !
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E. Roduner et al. ChemCatChem., 2013 , 5, 82-112; F. Hollmann et al., Green Chem., 2011 , 13, 226-265.



Peroxygenases : the new stars in 
oxyfunctionalization chemistry?
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Appl. Microbiol. Biotechnol., 2006 , 71, 276-288;
Curr. Opin. Chem. Biol., 2017 , 37, 1-9.



The opportunity: highly selective 
oxyfunctionalization reactions!
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CE Paul et al., Bioorg. Med. Chem., 2014 , 22,5692-5696; I. Zachoset al., Chem. Commun., 2015 , 51, 1918-1921; E. Churakova et 
al., Angew. Chem,. Int. Ed ., 2011 , 50, 10716-10719; M. Poraj-Kobielskaet al., Biochem. Pharm., 2011 , 82, 789-796.



What are the future challenges?

ü In situ H2O2 generation

ü Biocatalysis ¹Green Chemistry?

üImproving STYs
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In situ H2O2 generation - the state of the art: 
Glucose / Glucose oxidase
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R.A. Sheldon et al., Chem. Soc. Rev. 2017 , 46, 2678-2691.



In situ H2O2 generation - the state of the art: 
Glucose / Glucose oxidase
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R.A. Sheldon et al., Chem. Soc. Rev. 2017 , 46, 2678-2691.



What about using water as electron donor?
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W. Zhang et al. Nature Catal., 2018 , DOI:10.1038/s41929-017-0001-5 



Yes, it works!
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W. Zhang et al. Nature Catal., 2018 , DOI: 10.1038/s41929-017-0001-5



Can we call this Green Chemistry ?

10

Å(Bio!)Catalysis

ÅNon-hazardous solvent

ÅAmbient reaction conditions

ÅPhotochemistry



But can we certain here? Being a bit more 
quantitative using Sheldonôs E- factor
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R.A. Sheldon Green Chem., 2017 , 19, 18ff.



For exampleé
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Entry product mM ee 

[%] 

Yield, % TON Other 

products  

mM 

1 

 

6.59 / 66 43930 

 

0.46 

2 

 

9.23 / 92.3 61530 

 

0.32 

3 

 

4.29 / 43 28600 

 

0.37 

4 

 

6.87 >99 68.7 45800 

 

1.56 

5 

 

8.94 95.0 89.4 59600 

 

1.64 

6 

 

8.02 93.3 80.2 53460 

 

1.34 

7 
 

1.63 n.d. 26 17530
[b]

 
 

1.0, 89% ee 

 
Conditions: [substrate] = 10.0 mM, [Au-TiO2] = 10 gL -1, 
[AaeUPO] = 150 nM in phosphate buffer (pH 7.0, 60 mM), 
T = 30 °C, 70 h, visible light illumination (Ȉ > 400 nm).



Summing it all up
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Maybe we should also consider the water used?
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What about energy -related wastes?
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What are the future challenges?

ü In situ H2O2 generation

ü Biocatalysis ¹Green Chemistry?

üImproving STYs
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Can we use peroxygenases in non -aqueous media?
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E. Fernandez Fueyo et al., J. Mol. Catal. B: Enzym., 2016 , 134, 347-352.



Conclusions

üPeroxygenasesare the new P450 monooxygenases

ü more enzymes, more applications are needed

üIn situ H2O2 generation is crucial

ü especially for large-scale applications

üTo calculate is better than just to claim!
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Thank you for your attention!

http://www.bugbog.com/gallery/netherlands_pictures/haarlem-netherlands.html
http://www.google.nl/imgres?imgurl=http://homepage.mac.com/schuffelen/artwork_E/3inch_GwaPE.jpg&imgrefurl=http://homepage.mac.com/schuffelen/vermeer.html&h=450&w=385&sz=17&tbnid=_F1-PkcY6S4tVM:&tbnh=127&tbnw=109&prev=/images?q=vermeer+paintings&usg=__4PBeemKVDvNq7tqj1hyqd9Cl24Q=&ei=Ne1ISo_rNYPFsgbyyekn&sa=X&oi=image_result&resnum=3&ct=image


The nature of the Oxygen Dilemma é

Holtman and Hollmann ChemBioChem2016 , DOI:10.1002/cbic.201600176.


