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Traditionally, catalysis has been carried out by heterogenous catalysts where 
reactants and catalysts are in different phases, such as hydrogenation reactions, 
or homogeneous reactions, where both the reactants and the catalyst are in the 
same phase as organometallic or organocatalyst. More recent is the emergence 
of biocatalysis, what is the use of enzymes as catalysts. Societal benefits of 
nature’s catalysts comprise eco-friendly process conditions and a significant 
reduction of toxic waste or unwanted side-products thus addressing two major 
concerns, namely sustainability and responsibility. Additionally, promiscuity, 
the ability to transform distinct reactants into the correspondent products, is 
another feature associated to certain enzymes. These enzymes are broadly 
appreciated as they can be used in more than one industrial process. 
We are interested in identifying promiscuous enzymes performing better than 
current commercial prototypes and in identifying markers of enzyme 
promiscuity. The first objective was achieved by creating one of the largest 
collections of diverse non-redundant enzymes by applying extensive 
metagenomics-based screens, and testing them against a large collection of 
model chemicals [1]. The second objective, namely, the detailed understanding 
of mechanisms underlying promiscuity, was done by crystallization of top 
promiscuous enzymes to determine their structures in the context of their 
reactivity.  Our work focused on the study of serine ester hydrolases from the 
structural superfamily of α/β-hydrolases [2]. These enzymes, which catalyze the 
transformation of esters into carboxylic acids and alcohols, were selected 
because they are widely distributed in the environment, have important 
physiological functions, and are among the most important industrial 
biocatalysts. We present the structural analysis of the first set of serine ester 
hydrolases with levels of substrate promiscuity higher than those of commercial 
prototypes. Crystal structures of the native proteins as well as complexed with 
different substrates have allowed us to achieve a spectacular vision of the 
topology of the catalytic pocket of promiscuous hydrolases, constituted by a 
nucleophilic serine and other residues that stabilize the intermediates, i.e. 
histidine/aspartic acid in family IV and lysine/tyrosine in family VIII. 
[1] Martínez-Martínez, M., et al. (2018). ACS Chem. Biol. 13, 225-234. 
[2] Aranda, J., et al. (2004). Biochemistry.  53, 5820-5829.  
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Glycoside hydrolase (GH) family 18 chitinases catalyze the hydrolysis of β-
1→4-linkages in chitin, an abundant polymer in nature and a major component 
of the structural fungal cell walls, the exoskeleton of insects, and the shells of 
crustacean. Chitin can be degraded into shorter oligosaccharides known as 
chitooligosaccharides (COS) which have a biotechnological interest in medicine, 
agriculture and food industries (1). 
The catalytic domains of this family of enzymes have a characteristic (/)8 TIM 
barrel fold and based on the stereochemical outcome of products of the reaction, 
the general mechanism is known to retain the configuration of the substrate. 
Depending on the length of products formed during the degradation, the enzymes 
would be classified into endo- or exo- (1), hydrolysis being the favored reaction 
carried out by them. Alternatively, tranglycosylation  takes place when a 
carbohydrate molecule, instead of a water molecule, performs the second 
substitution step leading to synthesis of a new glyosidic bond. 
Recent studies have shown that decreasing the rate of hydrolysis and increasing 
the sugar-acceptor binding surface area results into an increase in the level of 
transglycosylation products (2). Furthermore, transglycosylation activity can be 
improved by site-directed mutagenesis and might be exploited for the synthesis 
of desired COS. Recent studies have described different mutations at the catalytic 
cleft favouring the transglycosylation reaction. Our current research is focused 
on the structural study of two fungal GH18 chitinases (endo/ exo). Although 
these enzymes follow the same catalytic mechanisms, they present significant 
differences in the catalytic tunnel what, consequently, provides very different 
specificities. We have crystallized both enzymes with different 
chitooligosaccharides, which illustrated the molecular determinants of the 
distinct enzymatic activity. The final goal is to modulate the catalytic 
performance, as required, for biotechnological purposes. 

1. Oyeleye A, Normi Y.  (2018). Chitinase: diversity, limitations, and 
trends in engineering for suitable applications. Bioscience Reports. 
38(4): 1-21.  

2. Madhuprakash J,  Dalhus B,  Rani TS, Podile AR, Eijsink 
VGH, Sørlie M. (2018). Key Residues Affecting Transglycosylation 
Activity in Family 18 Chitinases: Insights into Donor and Acceptor 
Subsites. Biochemistry. 57(29): 4325-4337. 
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Algae, plants, bacteria and fungi contain LOV2 (light-oxygen-voltage) domain 
that function as blue light sensor to control cellular responses to light. All LOV2 
domains contain non-covalently bound flavin mononucleotide (FMN) 
chromophore. Upon illumination FMN is excited into the singlet state, which 
evolves into the triplet state and form a covalent bond with the nearby 
photoreactive cysteine within the protein. The covalent bond decays in the 
process called dark state recovery in order of seconds to regenerate the ground 
state of FMN. Blue light illumination also induces a conformational change 
involving unfolding of two terminal alpha helices A’α and Jα and this change is 
reversible in the dark. FMN provides the LOV2 domain with yellow colour, 
intrinsic green fluorescence when excited with UV/blue light and ability to 
generate reactive oxygen species, such as singlet oxygen. Singlet oxygen has 
ability to oxidize many organics and bioorganics molecules and thanks to FMN 
LOV2 domain offers a potential use as photosensitizer for singlet oxygen 
generation.  
Here, we present our findings regarding the study of the influence of long term 
illumination and reactive oxygen species on conformational and functional 
properties of LOV2 domain from Avena sativa (AsLOV2). For the purpose of 
this study we used 2 forms of AsLOV2 domain: wild-type form and mutant form. 
In the mutant, photoreactive cysteine is replaced by alanine and this form thus 
does not undergo a photoreaction upon blue light illumination. For the 
illumination we used 475 nm laser and we illuminated the sample for defined 
time at room temperature. We followed the structural and functional changes 
caused by illumination in secondary and tertiary structure by CD, fluorescence 
spectroscopy, UV-Vis spectroscopy and differential scanning calorimetry. In 
addition, we investigated the effect of long-term illumination on the triplet state 
lifetime and kinetic of singlet oxygen generation before and after illumination. 
Our results indicate that long term illumination and singlet oxygen production 
lead to irreversible changes in both forms of AsLOV2 also accompanied by 
release of FMN to solvent. 
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Adenoviruses (AdV) are studied as virotherapeutical tools for gene therapy, 
vaccination and oncolysis. Moreover, AdV are an advanced experimental model 
for cell biology and virus assembly. AdV are non-enveloped icosahedral viruses, 
with a T=25, 950 Å diameter capsid, packing a ~ 35 kbp ds DNA genome. 
The only high resolution adenovirus structures reported so far are two human 
mastadenovirus species: HAdV-C5 at 3.6 Å (1) and recently HAdV-D26 at 3.7 
Å (2). There is also a 4 Å resolution study on bovine mastadenovirus incomplete 
particles (3). Although non-human adenoviruses have been put forward as 
alternatives to overcome the main drawbacks of HAdV-C5 as a vector, they 
remain poorly characterized. Compared to HAdV-C5, fowl aviadenoviruses lack 
core protein V and minor coat protein IX, previously demonstrated to have an 
impact on virion stability maintenance (4). Interestingly, fowl aviadenoviruses 
pack a genome of about 43-45 kbp, longer than the rest of the adenovirus genera 
(5).  It has been reported that aviadenovirus capsids are more stable than those 
of human mastadenoviruses (6). We are using molecular, structural and 
biophysical analyses to understand the basis of fowl aviadenovirus capsid 
stability. Using extrinsic fluorescence spectroscopy we can conclude that fowl 
aviadenoviruses are more thermo and pH stable than Human Adenovirus type 5, 
despite lacking some cementing- capsid stabilizing- proteins. We collected cryo-
Electron Microscopy high resolution data at the eBIC facility at Diamond 
(Oxford) and  we have obtained a 3D map at 3.7 Å resolution of fowl 
aviadenovirus, whose interpretation (~14,000 expected residues in the 
asymmetric unit) is underway. Significant capsid proteins conformational 
rearrangements have been observed in the fowl aviadenovirus capsid, that might 
account for their enhanced physical stability.  
1.      Liu et al., Science 329, 1038 (2010). 
2.      Yu et al., Sci Adv 3, e1602670 (2017). 
3.      Cheng et al., Virology 450-451, 174 (2014). 
4.      Colby et al., J Virol 39, 977 (1981). 
5.      Marek et al., Veterinary microbiology 156, 411 (2012). 
6.      Swayne, John Wiley & Sons  (2019). 




