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Scientific background and ‘open issues’ 
Due to today's interest in eco-friendly and sustainable processes, the use of enzymes is of 
increasing relevance in various industrial sectors and reactions, for example food, 
pharmaceutical, detergents, as well as in the treatment of biomass and raw materials of 
different origin and composition. In this scenario, a major focus is on enzymes from 
extremophilic organisms, adapted to thrive in extreme conditions such as temperature, pH, 
salinity.  
Organisms adapted to low temperatures (so-called psychrophiles) have developed a 
multitude of adaptive strategies, among these “cold-active enzymes” that allow psychrophilic 
organisms to maintain high metabolic activity at low temperatures and to survive in nutrient-
poor environments such as the Arctic and Antarctic marine sediments.  
Cold-active enzymes offer a unique tool to study temperature adaptation of proteins from a 
biochemical and thermodynamic perspective. Furthermore, these enzymes find application 
in reactions with thermolabile substrates, particularly in the food sector. The laboratory has 
long experience in cold-active enzymes and in recent years has focused on esterases and 
glycoside hydrolases. 
The potential of biocatalysis, however, is not yet fully exploited, especially because most 
enzymes, and in particular psychrophilic ones, do not tolerate the conditions applied in the 
process. Stability is therefore a key parameter that can be implemented with different 
methods, including biodiversity extraction, rational mutagenesis and directed evolution. To 
make variant design and selection less experimentally challenging, computational enzyme 
engineering tools have been developed that can create and screen large virtual libraries or 
predict beneficial mutations. 
 
 
Objectives 
The project will target one of the enzymes identified (or to be identified) in the laboratory and 
aim to improve its properties through protein engineering. 
Characteristics of interest are in particular stability, mainly to temperature but also to other 
stresses, for example salinity and pH and organic solvents, specificity, catalytic 
performances. 
A very relevant goal in this field is to introduce new properties without losing the original 
ones, for example adding thermostability yet maintaining activity at low temperatures, in 
view of the production of robust and versatile biocatalysts. This kind of research opens 
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interesting windows into fundamental issues of protein science, for example the evolution 
and structural basis of enzyme biochemical properties. 
In these studies, different strategies can be used also thanks to ongoing collaborations with 
expert groups in developing tools to limit experimental work related to protein engineering, 
allowing the identification of relevant protein regions via computational and structural 
methods. 
 
 
Methodologies 
To be optimized, enzymes must be available in recombinant form. Therefore, after selection 
of sequences of interest, synthetic genes are expressed in bacterial cells. 
The design of enzyme variants is implemented based on comparison with more 
stable/performing proteins and/or structural data and/or through computational approaches 
in collaboration with partner laboratories (see below). Rational approaches can be 
complemented by “directed evolution” mutagenesis on the entire protein or of specific 
protein regions. 
The variants are fully characterized regarding their activity, long-term stability, specificity 
and other relevant characteristics related to structure and conformation using circular 
dichroism, infrared spectroscopy and other biophysical methods. 
Improved variants are tested in reactions of industrial interest under process conditions. 
 
 

Collaboration / Co-tutoring opportunities 
The group in involved in several collaboration, included the COST project COZYME 
(Establishing a pan-european network on computational redesign of enzymes). This project 
is built around three issues: 1. Improvement of generic enzyme properties such as stability 
and solubility; 2. Optimization of catalytic properties e.g. activity and stereoselectivity;3. 
Advancement of experimental approaches to generate and evaluate computational 
predictions. In this frame, co-tutoring opportunities can be found as well as with other Italian 
universities, according to the detail of the project.  
 
 
Project’s Sustainability & Mobility 
The laboratory involved has deep expertise in cold-active enzymes and can support all 
experiments regarding expression, biochemistry, protein engineering, structural and 
functional issues. We collaborate with other groups in the Department on particular topics, 
and with colleagues from other Italian and international universities. 
 
As part of the COST project, we are included in a very broad network of collaborations. The 
project is strongly focused on the training of young scientists. To date we have already 
collaborated with the University of Crete for the identification of extremophilic enzymes from 
halophilic organisms. Other possible internship locations are the universities of Brno (CZ), 
Lisbon (PT), Groningen (NL), Stuttgart (D). In Italy, we have active collaborations with the 
University of Padua (Prof. Fusco) on the processing of natural carbohydrates and with the 
State University of Milano (Prof. Nardini) for crystallographic characterization. 
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Recent research articles can be found in the following paragraph. 
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