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Despite several advantages of biocatalysis, stability remains an issue, particularly under harsh process 
conditions [1,2]. Several hypotheses are available for the mechanism of stability loss. In biocatalytic oxidations, 
where gas is sparged to the system from the bottom of the reactor, deactivation might be caused by a 
continually added gas-liquid interface [3]. Oxidases are particularly interesting in this problem statement, as they 
depend on oxygen as a co-substrate. An example is NADH-oxidase (NOX), an enzyme of great interest, as 
NOX plays an important part in co-factor regeneration. NOX catalyses the reduction of oxygen to either 
hydrogen peroxide (H2O2) or water in a coupled reaction with the oxidation of NADH(P) to NAD(P)+ following 
scheme 1 [4]. This work investigates the stability of a water-forming NADH-oxidase (NOX) in a bubble column, 
with the goal of a phenomenological model of NOX stability, which has applications for industrial utility. A bubble 
column enables good oxygen transfer without drastic enzyme deactivation due to lower shear stress than a 
stirred tank reactor. Previous hypotheses suggest that the enzyme deactivation is caused by adsorption to the 
bubble surface, leading to unfolding, aggregation and precipitating, causing deactivation, following a two-stage 

deactivation trend, which often is explained by dimer 
dissociation [3]. A significant finding for this work explains the 
two-stage deactivation as an adsorption stage followed by a 
deactivation stage. 
 
Additionally, we report a method to determine the transition 
time by plotting the log of the residual enzyme concentration 
[5]. The minimum of this curve seems to be where the 
transition time of the deactivation trend occurs. Several 
significant findings were made throughout the experimental 
work. Increasing the buffer molarity appears to have a 
stabilizing effect on NOX by significantly improving the half-
life, which was further improved by adding NaCl to the buffer 
[5]. Increasing the ionic strength of the buffer decreased the 
bubble size, which previously has been reported to damages 
NOX [2]. Thus, the ionic strength’s stabilizing effect dominates 
the small bubbles’ damaging effect on NOX [5].  
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Scheme 1 – Simplified reaction scheme of 
NADH-oxidase in a coupled system with 

alcohol dehydrogenase (ADH) [4] 


