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Reaching the finish line, never walking, and enjoying the race. These three, in this 

order, are my goals. 

              Haruki Murakami 
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sp. to catalyze the formation of nitriles from aldehydes in presence of ammonium ions 

in aqueous medium. The development of this serendipitous observation into a 

synthetically applicable methodology for cyanide-free ammoxidation of alcohols or 

aldehydes using ammonia and molecular oxygen was described in Chapter 4. 

Regarding the aims of the thesis described in Chapter 1, Chapter 5 steps outside from 

the overall focus on aerobic biocatalysis, and it deals with the protein crystallography. 

In detail, it provides an insight into the crystallographic work aimed at elucidating the 

structure of the engineered amine dehydrogenase LE-AmDH-v1. The variant was 

previously engineered by using an in silico generated homology model as the base for 

the structure determination. This work provided insights into the differences between 

the engineered amine dehydrogenase, its homolog from the archaeon Pyrococcus 

horikoshii and a saccaharopine reductase from Magnaporthe grisea. These data will 

put the basis for further engineering of novel AmDHs possessing complementary 

substrate scope. Finally, Chapter 6 describes an attempt to combine five enzymes into 

a one-pot modular cascade for the transformation of cyclohexanol into the open-chain 

form of nylon-6 monomer. Initial design consisted in a combination of alcohol 

dehydrogenase and Baeyer-Villiger monooxygenase in Module 1, and a hydride-

borrowing (H-B) combination of an alcohol dehydrogenase and amine dehydrogenase 

in Module 2. These two modules were connected by a hydrolase reaction. However, 

the H-B step had to be abandoned and an alternative design of the cascade utilizing 

alcohol oxidase instead of the alcohol dehydrogenase was devised. Interestingly, the 

use of the alcohol oxidase in the final cascade is connected to Chapter 2 of this thesis, 

since the combination of the alcohol oxidases and amine dehydrogenases was indeed 

one of the aims of the PhD project. Furthermore, the alternative design allowed us the 

completion of the cascade using seven enzymes in one pot. Moreover, different 

reaction set-ups for the maximization of product yields were investigated. 

In summary, we investigated the combination of alcohol oxidases and amine 

dehydrogenases. Furthermore, we capitalized on unexpected observations and 

challenges that we have encountered and, in turn, we developed: 1) a 3-D printing 

based agarose system that enables (co)entrapment of enzymes; 2) the first enzymatic 

method for the direct synthesis of nitriles from alcohols using ammonia; 3) we 
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elucidated the crystal structure of novel amine dehydrogenase; 4) we demonstrated 

the applicability of alcohol oxidase/amine dehydrogenase system in a modular multi-

enzymatic cascade, thereby yielding 6-aminohexanoic acid (open-chain nylon-6 

monomer) from cyclohexanol. 
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