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The role of enzyme technology and membrane separation as key technologies for development 
of new, green topologies for production of pharmaceutical and food products has increased 
notably over the last years. Both technologies allow for working at mild conditions of 
temperature and pH and do not require the addition of harmful additives.  Enzymatic membrane 
reactors (EMR) enable integration of enzymatic catalysis and membrane separation and play a 
big role in the new generation of highly efficient downstream bioprocess in which enzyme 
reactions are involved. In-situ product separation in  EMRs contributes to avoid side reactions 
that have a negative impact on the product quality. EMRs have been studied in various 
applications, being particularly interesting the ones related to production of biomolecules (e.g. 
oligosaccharides, organic acid and methanol). In  EMRs membranes are used as supports for 
enzyme immobilization that allow for reuse of enzymes improving in this manner the overall 
productivity of the process. However, there are several challenges that limit their upscale and 
use in commercialization of bioproducts. One of them is the limited surface area of the 
membrane, which hampers high enzyme loading which leads to low immobilized activity. 
Large substrates (e.g. polysaccharides) can also have problems accessing the active sites of the 
immobilized enzymes which in turn decreases the activity. Moreover, enzyme denaturation 
during the immobilization also causes deactivation of the enzymes. In this work, we aim to find 
suitable solutions to these challenges by defining novel enzyme immobilization strategies to 
retain high immobilized enzyme activity and improve the catalytic performance of EMRs. 
Fibrous membranes (fabricated by electrospinning) were used as supports for immobilizing 
enzymes, as their chemical and physical properties can be more easily tailored. Surface 
modification (i.e. polydopamine, tannic acid, glutaraldehyde and polyelectrolytes) was carried 
out to introduce functional groups and control the charge density on the membrane surface, 
thus the enzymes can attach to the membrane via covalent/non-covalent binding. The results 
of the enzyme activity tests suggested that the porous structure of the fibrous membrane 
increased the enzyme loading and reduced the steric hindrance of the substrate transfer. On the 
polyelectrolytes modified membrane surface, enzymes were immobilized by electrostatic 
attractions, which had a low impact on the native structure of the enzymes, therefore, the 
immobilized enzymes exhibited high activity and good stability on the membrane surface.  
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