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3rd AIC-BMM Meeting – Schedule and Scientific Program 

 

Monday May 23, 2022 

 

13:00 14:30 Participant registration and accommodation check-in. Appetizers & light lunch 

14:30 – 14:40 Welcome by AIC-BMM Committee 

Afternoon Session I – Chair: Giusy Tassone – Department of Biotechnology, Chemistry and  

   Pharmacy - University of Siena 

14:40   Invited speaker: Mariarita Bertoldi – University of Verona 

 “Flexibility of human aromatic amino acid decarboxylase: relevance in pathogenesis” 

15:10  Cecile Exertier - Istituto di Biologia e Patologia Molecolari, IBPM-CNR - Rome:  

 “Rational design of PROTACs (PROteolysis TArgeting Chimeras) to tackle leishmaniasis” 

15.30  Stefano Morasso - Protein Facility, Elettra Sincrotrone Trieste:  

 “Biochemical and structural characterization of SARS-CoV2 PLpro as target in drug 

 repurposing and discovery” 

15:50  Annarita Fiorillo - Department of Biochemical Sciences, Sapienza University of Rome: 

 “A fragment-based approach to develop trypanocidal drugs targeting trypanothione 

 reductase” 

16:10  Romualdo Troisi - Department of Chemical Sciences, University of Naples Federico II:

 “Novel structural features of anti-thrombin aptamers” 

16:30  Lucia Dello Iacono - Biochemistry Function, GSK Vaccines, Siena:  

 “Structure-based antigen design: a strategy for next generation vaccines” 

16:50 - 17:30  Coffee Break & Snacks 

Afternoon Session II – Chair: Adele Di Matteo – Institute of Molecular Biology and Pathology – CNR- 

   -Rome 

17:30   Elisa Costanzi - Center for Structural Studies Heinrich Heine University Düsseldorf: 

 “High resolution crystal structure of the alpha/beta hydrolase Pet46 from Candidatus 

 Bathyarchaeota” 

17:50  Simona Fermani - Department of Chemistry G. Ciamician, University of Bologna: 

 “Unravelling the regulation pathway of photosynthetic AB-GAPDH” 

18:10  Sponsorship talk Rigaku:  

 “Latest Instruments for biological crystallography from Rigaku” 

18:30  Francesca Troilo - Institute of Molecular Biology and Pathology CNR - Rome:  

 “Structural and biochemical characterization of a 1,3-β-transglucanase enzyme from the 

 fungus Penicillium sumatraense” 

18:50  Cristina Visentin - Department of Bioscience, University of Milan: 

 “Modulation of ChRidA structure, stability and activity by specific point mutations” 
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19:10 Aperitif & Appetizers 

 

18:30  Francesca Troilo - Institute of Molecular Biology and Pathology CNR - Rome:  

 “Structural and biochemical characterization of a 1,3-β-transglucanase enzyme from the 

 fungus Penicillium sumatraense” 

18:50  Cristina Visentin - Department of Bioscience, University of Milan: 

 “Modulation of ChRidA structure, stability and activity by specific point mutations” 

19:10 Aperitif & Appetizers 

 

Tuesday, May 24, 2022 

 

Morning Session I – Chair: Marina Mapelli – European Institute of Oncology - Milan 

9:00 Invited speaker: Enrico Ravera – Centro di Risonanze Magnetiche - University of Florence: 

 “Integrative Structural Biology: where do we stand, where are we going?” 

9:30  Rocco Caliandro - Institute of Crystallography, CNR, Bari:  
 “Structural characterization of the full-length anti-CD20 antibody rituximab by SAXS data and 
 advanced computational modelling” 

9:50  Marco Mazzorana - Diamond Light Source, Ltd. – Harwell Science and Innovation Campus, 
 Didcot - UK:  
 “Not all evil comes to harm: post-pandemic synchrotron access revolution” 

10:10  Annie Heroux – Elettra Sincrotrone - Trieste:  
 “XRD2: Remote post-Pandemic” 

10:30   Sponsorship talk Alfatest, Andrea Pigozzo:  

 “Grating-Coupled Interferometry, a new direction in affinity and kinetic interaction 

 characterization” 

10:50 - 11:20  Coffee Break & Snacks 

Morning Session II – Chair: Luigi Scietti – European Institute of Oncology - Milan 

11:20  Cecilia Pozzi - Department of Biotechnology, Chemistry and Pharmacy - University of Siena: 

 “Structural insights into the hYAP-hTEAD4 protein-protein interaction: an emerging target 

 in cancer treatment” 

11:40  Emanuele Fornasier - Department of Chemical Sciences - University of Padua:  

 “A new inactive conformation of SARS-CoV-2 main protease” 

12:00  Gianpiero Garau - BioStructures Lab, Istituto Italiano di Tecnologia - Pisa:  

 “Crystallography of Membrane Protein-Ligand Interactions: Pitfalls in Virtual Screening” 

12:20  Lorenzo Antonelli - Institute of Molecular Biology and Pathology of the Italian national 

 research council: “Structure-function relationships in Sigma 1 receptor” 

12:30  Marta S. Semrau - Protein Facility, Elettra Sincrotrone Trieste:  
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 “Molecular architecture of the PTG/PP1 holoenzyme” 

12:50   Lamba Doriano - Institute of Crystallography - C.N.R. - Trieste Outstation:  

 “Small Endogenous Ligands Modulation of Nerve Growth Factor Bioactivity: A Structural 

 Biology Overview” 

13:10 – onwards  Announcement of the Prizes for the three best oral presentations   

Farewell & Departure 
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Flexibility of human aromatic amino acid decarboxylase: 

relevance in pathogenesis 

Massimiliano Perduca a, Giovanni Bisello b, Mariarita Bertoldi b 

a Department of Biotechnology, University of Verona; 
b Department of Neurosciences, Biomedicine and Movement, University of Verona; mita.bertoldi@univr.it  

 

Loop disordered regions of proteins are interesting structural elements often involved in protein 

function regulation. Upon binding to cofactor/ligand/target unstructured regions, often invisible at 

the X-rays, can fold up and acquire rigid conformation through a disorder-to-order transition. Here 

we report the case of human aromatic amino acid decarboxylase (AADC), a pyridoxal 5’-phosphate 

(PLP) enzyme responsible for the synthesis of the essential neurotransmitters dopamine and 

serotonin. Structurally and functionally AADC is a homodimer, with two juxtaposed active sites 

located at the monomer interface. Each active site is composed by residues mainly belonging to one 

subunit with the opposite facing monomer protruding inside the active site crevice with two loops, 

namely loop2 and loop3. Loop2 carries residues essential for the binding of the substrate aromatic 

side chain while loop3 contains the catalytic Tyr332 responsible for the protonation of one of the key 

reaction intermediates and accordingly is called catalytic loop (CL) [2]. Even if it has been suggested 

that the CL covers the opposite active site as a lid during catalysis and correctly orienting Tyr332, 

this highly flexible element is invisible in the electron density map of the porcine enzyme in both its 

native and inhibitor bound form [1], depriving the entire structure of an essential region for function. 

We recently solved the crystal structure of human AADC in its native form, where the CL is solvent 

exposed, highly flexible and lacks of electron density and, surprisingly, in its catalytically active 

external aldimine form with the CL in the closed state in the presence of substrate analogue dopa 

methyl ester. Both new structures come from physiological pH conditions; we also acquired data at 

different pH values to verify conformational changes in the active site driven by pH. 

These structures may be fundamental in the investigation on the pathogenicity of a number of variants 

associated with the AADC deficiency, a rare autosomal recessive inborn disease leading to 

monoamine neurotransmitters imbalance. We mapped some known AADC variants in the protein 

structure with a particular focus on the active site and dimer interface and determined their catalytic 

efficiency interpreting the lack of activity in terms of structural defect [3].  

Altogether, this study on human AADC provides new elements for the comprehension of the 

structure-function relationship in affected variants and may represent the rationale basis to the design 

of novel specific inhibitors. 

 

 

 

 

 

 

 

 

 
Figure 1. AADC active site at pH 7.5 when substrate analogue dopa methyl ester is bound. 

 
References: 1. Burkhard, P. et al Nat. Struct. Biol. 2001. 2. Bertoldi, M. et al J. Biol. Chem. 2002. 3. Montioli, R.; Bisello, 

G. et al Arch. Biochem. Biophys. 2020.  
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Integrative Structural Biology: where do we stand, where are we going? 

Enrico Raveraa,b,c,d 

a Centro di Risonanze Magnetiche, Università degli Studi di Firenze, Via Luigi Sacconi 6, 50019 Sesto 

Fiorentino, Italy; bDepartment of Chemistry Ugo Schiff, Università degli Studi di Firenze, Via della 

Lastruccia 3, 50019 Sesto Fiorentino, Italy; c Consorzio Interuniversitario Risonanze Magnetiche di 

Metalloproteine, Via Luigi Sacconi 6, 50019 Sesto Fiorentino, Italy; d Florence Data Science, Università 

degli Studi di Firenze; ravera@cerm.unifi.it  

 

Different experimental observables have different strength and weaknesses when it comes to 

addressing different levels of structural complexity. For instance, X-ray and Cryo-TEM have an easier 

access to the overall structure, but the highest resolution is achieved only when crystals are perfect 

and there is no conformational disorder. On the contrary, NMR struggles to achieve long-range 

information, but can provide bond angles and lengths that are within the uncertainty even in atomic 

and sub-atomic resolution X-ray structures (1,2). Understanding the limits of different techniques and 

their complementarity is both the lock and the key for revealing the true potentiality of integrative 

approaches(3,4), democratized at the European level thanks to the access opportunities made 

available by the Instruct-ERIC infrastructure. 

 
1. Ravera, Gigli, Suturina, Calderone, Fragai, Parigi, Luchinat, Angew. Chem. Int. Ed., 2021, 20, 14960-14966. 2. Schirò, 

Carlon, Parigi, Murshudov, Calderone, Ravera, Luchinat, J. Struct. Biol. X, 2020, 4, 100019. 3. Carlon, Ravera, 

Andralojc, Parigi, Luchinat, Progress in Nucl. Magn. Reson. Spectrosc., 2016, 92, 54-70. 4. Mitchell, "Perspectives, 

Representation, and Integration" in "Understanding Perspectivism" (Eds. Massimi, McCoy), 2019 
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   Rational design of PROTACs (PROteolysis TArgeting Chimeras) to tackle 

leishmaniasis 

Exertier C.a, Fiorillo A.b, Liuzzi A.a, Colotti G.a, Salerno A.c, Seghetti F.c, Ocello R.c, Masetti M.c, 

Milelli. A.d, Fiorentino E.e, Di Muccio T.e, Bolognesi M.L.c, Ilari A.b 

a Istituto di Biologia e Patologia Molecolari, IBPM-CNR, b Dipartimento di Scienze Biochimiche, Università 

Sapienza, P.le Aldo Moro 5, 00185 Roma, Italy; c Dipartimento di Farmacia e Biotecnologie, Alma Mater 

Studiorum – Università di Bologna, Via Belmeloro 6, 40126, Bologna, Italy; d Dipartimento di Scienze per la 

Qualità della Vita, Alma Mater Studiorum, Università di Bologna, Corso d’Augusto 237, 47921, Rimini, 

Italy; e Dipartimento di Malattie Infettive, Istituto Superiore di Sanità Viale Regina Elena, 299, 00161 Rome, 

Italy; E-mail of presenting author cecile.exertier@uniroma1.it  
 

Leishmaniases are neglected tropical diseases that affect up to one million people each year according 

to the World Health Organization. They are caused by protozoan parasites transmitted by the bite of 

infected female sandflies which natural habitat expands owing to environmental changes. Notably, 

visceral leishmaniasis, induced by Leishmania infantum infection, is characterized by a fever and the 

enlargement of the spleen and liver, which most of the time leads to death if untreated. So far, 

treatment against Leishmania infection showed poor efficacy, high toxicity and increasing resistance 

(1).  
Leishmania parasites are capable to survive despite the oxidative environment in host macrophages 

owing to their peculiar redox system, which relies on trypanothione, a variant of gluthathione. 

Trypanothione is maintained reduced by the transfer of two electrons from NADPH through the redox 

action of the FAD-dependent trypanothione reductase (TR), an homolog of the glutathione reductase 

(2). TR is considered a very promising target since it is essential for parasite survival, since it diverges 

enough from the host glutathione reductase to offer a good selectivity and since it is rather easily 

druggable. However, only compounds decreasing TR redox activity of ~90% may efficiently affects 

parasite survival and despite the considerable efforts gathered over the last decades to design 

compounds inhibiting TR, none of the proposed ones has yet been accepted for clinical trials due to 

sub-optimal efficacy or high toxicity; therefore alternatives needs to be developed (3). 
Recently, targeted protein degradation has emerged as an alternative strategy to traditional drug 

design. This methodology, which has proven its efficiency against viral infection and tumors, is based 

on the utilization of bifunctional molecules, namely PROTACs (PROteolysis Targeting Chimeras) 

that force the ubiquitination of a target protein yielding its proteasome-dependent degradation (4). 

We propose to apply this new approach to tackle leishmaniasis infection by engaging TR towards 

degradation. In this context, we rationally designed bifunctional PROTACs, we characterized the 

inhibition carried out on Leishmania infantum TR by a promising one, namely AS105, using X-ray 

crystallography and spectroscopic methods and we tested AS105 in vivo against Leishmania infantum 

parasites. 

 

References: 1. Pradhan, S. et al. (2022) Clin. Exp. Dermatol. 47, 516–521; 2. Baiocco, P. et al. (2009) J. Med. Chem. 52, 

2603–2612; 3. Battista, T.et al. (2020) Molecules. 25, 1924; 4. Gu, S. et al. (2018) BioEssays. 10.1002/bies.201700247 
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Biochemical and structural characterization of SARS-CoV2 PLpro as target in 

drug repurposing and discovery  

Morasso Stefanoa, Kuzikov Maria b,e,, Covacheuszach Soniac, Amenitsch Heinzd, Giabbai Barbaraa, 

Zaliani Andreab, Gribbon Philipb, Storici Paolaa 

 

a Protein Facility, Elettra Sincrotrone Trieste, Trieste, Italy; b Fraunhofer Institute for Translational 

Medicine and Pharmacology (ITMP) Hamburg and Fraunhofer Cluster of Excellence for Immune mediated 

diseases (CIMD), Frankfurt, Germany; c 3) Institute of Crystallography - C.N.R.- Trieste Outstation, Trieste, 

Italy; d Institute of Inorganic Chemistry, Graz University of Technology, Graz, Italy; e Jacobs University 

Bremen gGmbH, Campus Ring 1, 28759 Bremen, Germany; stefano.morasso@elettra.eu  

 

Papain-like protease (PLpro) coded by SARS-CoV-2 genome is a key enzyme in viral replication. 

This enzyme is a subdomain of the viral non-structural protein 3 (nsp3) (1). PLpro is a cysteine 

protease which recognizes and cleaves the LXGG consensus sequence of both viral and host proteins 

showing deubiquitinating and deISGlating activity on key proteins in cytokines response pathways, 

which relates this enzyme to a major inflammatory response and immune system evasion (2,3). PLpro 

has been drawing interest as a pharmacological target to fight the pandemic emergency (4).  

The aim of the project is to identify novel inhibitors of PLpro providing biochemical and structural 

information to support rational drug discovery and repurposing campaigns. Thanks to a collaboration 

started within the Exscalate4Cov consortium (www.exscalate4cov.eu), an HT-in vitro repurposing 

screening was conducted by ITMP in Hamburg. Activity assays were performed on recombinant 

proteins expressed in E. coli and successfully purified at the Elettra Protein Facility. Different WT 

and mutated constructs were produced of the PLpro catalytic domain and of a longer sequence 

(PLpro_L) containing the nucleic acids binding domain (NAB) at the C-terminal. The PLpro_L 

construct was probed in the repurposing screening while the catalytic domain was used in the 

reconfirmation assay. A list of active compounds was selected and further characterized in our lab by 

TSA, and by setting up numerous crystallization trials. So far, all crystals obtained resulted to be of 

the apo form, indicating that the protein is difficult to crystallize in complexed with a ligand. The 

PLpro_L low resolution structure has been recently analysed by SAXS, considering both wild type 

and two frequent mutants of the SARS-CoV2 Delta variant (5). The overall shape is much elongated 

and interestingly the mutations induce higher flexibility of the molecule in solution. Crystallization 

of PLpro_L in apo and holo forms are still on development with the aim to characterize the binding, 

together with biophysical binding analysis in a drug development optics. 

 
References:  

1. Li, M. et al. Structure of the multiple functional domains from coronavirus nonstructural protein 3. Emerg Microbes 

Infect 10, 66–80 (2021). 

2. Moustaqil, M. et al. SARS-CoV-2 proteases PLpro and 3CLpro cleave IRF3 and critical modulators of inflammatory 

pathways (NLRP12 and TAB1): implications for disease presentation across species. Emerg Microbes Infect 10, 178–

195 (2021). 

3. Shin, D. et al. Papain-like protease regulates SARS-CoV-2 viral spread and innate immunity. Nature 587, 657–662 

(2020). 

4. Yuan, S. et al. Targeting papain-like protease for broad-spectrum coronavirus inhibition. Protein Cell (2022) 

doi:10.1007/s13238-022-00909-3. 

5. Nagy, Á., Pongor, S. & Győrffy, B. Different mutations in SARS-CoV-2 associate with severe and mild outcome. 

International Journal of Antimicrobial Agents 57, 106272 (2021). 
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A fragment-based approach to develop trypanocidal drugs  

targeting trypanothione reductase  

 
A. Fiorillo1, F. Seghetti2, C. Exertier3, J. Caciolla2, A. Salerno2, R. Ocello2, E. Testi2, E. 

Fiorentino4, M. Roberti2, M. Masetti2, G. Colotti3, V.  Morea3, T. di Muccio4, M. L. Bolognesi2, A. 

Ilari3 

1 Department of Biochemical Sciences, Sapienza University of Rome, Italy;2 Department of Pharmacy and 

Biotechnology, Alma Mater Studiorum - University of Bologna, Italy; 3 Institute of Molecular Biology and 

Pathology, Italian National Research Council, Rome, Italy; 4 Dipartimento di Malattie Infettive, Istituto 

Superiore di Sanità, Rome, Italy; annarita.fiorillo@uniroma1.it  
 

 

The protozoans Leishmania and Trypanosoma, belonging to the Trypanosomatidae family, are the 

causative agents of Leishmaniasis, Chagas disease and human African trypanosomiasis. Overall, these 

infections affect millions of people worldwide, posing a serious health issue as well as socio-

economical concern. Current treatments are unsatisfying, mainly due to poor efficacy, toxicity and 

emerging resistance, therefore there is an urgent need for new drugs. 

Among several molecular targets proposed for drug development, trypanothione reductase (TR) is of 

particular interest for its critical role in controlling parasite's redox homeostasis and its absence in the 

host. Moreover, the high sequence conservation of TRs from different sources (80-100%) supports the 

possibility to develop broad spectrum drugs (1). 

The main limitation of TR as a drug target lies in its high efficiency/turnover: in order to have a 

significant effect on parasite redox state and viability, TR activity must be reduced by at least 90%, 

meaning that only potent inhibitors, with submicromolar IC50, can be considered very promising lead 

compounds (2,3). 

The wide substrate-binding cavity of TR poses a challenge to the development of highly effective 

inhibitors. To aid the design of new compounds, we performed a fragment-based crystal screening at 

the XChem platform at Diamond Light Source using a library optimized for follow-up synthesis steps. 

The experiment, allowing to test over 300 compounds, resulted in the identification of 12 hits binding 

five different sites, two of which are of particular interest. Indeed, the screening revealed the existence 

of an allosteric pocket adjacent to the NADPH binding site and confirmed the relevance of a sub-

pocket within the trypanothione cavity, predicted by bioinformatic analysis. The fragments binding to 

the latter site have remarkable features making them ideal for follow-up optimization thus, by merging 

and linking strategy, we designed and synthesized some derivatives, gaining improved activity with 

respect to the individual fragments. 

 

 
References:  

1. Ilari, A., Genovese, I., Fiorillo, F., Battista, T., De Ionna, I., Fiorillo, A. & Colotti, G. (2018). Mol Pharm 15, 3069-

3078.  

2. Tovar, J., Cunningham, M. L., Smith, A. C., Croft, S. L. & Fairlamb, A. H. (1998). Proc Natl Acad Sci U S A 95, 

5311-5316. 

3. Battista, T., Colotti, G., Ilari, A. & Fiorillo, A. (2020). Molecules 25. 
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Novel structural features of anti-thrombin aptamers 

Romualdo Troisia, Filomena Sicaa 

a Department of Chemical Sciences, University of Naples Federico II, Complesso Universitario di Monte 

Sant'Angelo, Via Cintia, 80126 Naples, Italy; romualdo.troisi@unina.it  

 

The study of the modulation of human α-thrombin by oligonucleotide aptamers, short DNA or RNA 

sequences that recognize their target with high affinity and specificity, is one of the most active 

research fields from the development of the SELEX strategy (1). Despite the excellent anticoagulant 

properties of the G-quadruplex TBA (2) and the duplex/quadruplex NU172 (3), the only two aptamers 

entered to date in clinical trials, new powerful aptamers are periodically selected. In particular, M08s-

1, a highly effective anticoagulant thrombin binding aptamer having a G-rich sequence, has been 

recently discovered by MACE-SELEX and subsequently truncated to 43 nucleotides (4). In parallel, 

another widely used strategy to overcome the long-standing limitations of aptamers is based on the 

chemical modification of the sequence, involving changes in the sugar backbone, the internucleotide 

linkages, or sequence/length variations of key residues (5). Generally, this post-SELEX modification 

procedure provides interesting results by improving the affinity or the inhibitory properties of 

anticoagulant aptamers (6). 

Recently, in the course of collaborative research with different groups, we have obtained 

crystallographic data of complexes formed by human thrombin and various TBA analogues, 

containing functional substituents at N3 of the Thy3 (7), carrying modifications at 5’- and 3’-ends or 

showing variations in the sequence length. Additionally, the crystallographic characterization of the 

interaction between thrombin and M08s-1 aptamer have been performed. The whole of these data has 

revealed new peculiar structural features on the folding of these anti-thrombin aptamers and their 

thrombin recognition, which well correlate with the anticoagulant activity data. 

 
References: 1. Troisi, R., Balasco, N., Autiero, I., Vitagliano, L., Sica, F. Int. J. Mol. Sci. 2021, 22, 10803. 2. Russo 

Krauss, I., Merlino, A., Randazzo, A., Novellino, E., Mazzarella, L., Sica, F. Nucleic Acids Res. 2012, 40, 8119–8128. 3. 

Troisi, R., Napolitano, V., Spiridonova, V., Russo Krauss, I., Sica, F. Nucleic Acids Res. 2018, 46, 12177–12185. 4. 

Wakui, K., Yoshitomi, T., Yamaguchi, A., Tsuchida, M., Saito, S., Shibukawa, M., Furusho, H., Yoshimoto, K. Mol. 

Ther. Nucleic Acids 2019, 16, 348–359. 5. Riccardi, C., Napolitano, E., Platella, C., Musumeci, D., Montesarchio, D. 

Pharmacol. Ther. 2021, 217, 107649. 6. Gao, S., Zheng, X., Jiao, B., Wang, L. Anal. Bioanal. Chem. 2016, 408, 4567–

4573. 7. Smirnov, I., Kolganova, N., Troisi, R., Sica, F., Timofeev, E. Mol. Ther. Nucleic Acids 2021, 23, 863–871. 
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Structure-based antigen design: a strategy for next generation vaccines 

Lucia Dello Iacono on behalf of Biochemistry Function  

GSK Vaccines, Via Fiorentina 1, 53100 Siena, Italy; lucia.x.dello-iacono@gsk.com  

 

In the last years, vaccine design is moving from empiricism towards the increasingly rational 

presentation of the targets of protective immunity. In this context, Structural Vaccinology represents 

an evolution of  Reverse Vaccinology: a genome- based approach combined with Structural Biology 

with the aim of facilitating the rational design of improved vaccines by enabling an atomic-level 

control of their antigenic and immunogenic properties.  

Herein, an overview of successful examples of structure-based approaches obtained at GSK Vaccines 

will be provided, mainly in the field of meningococcal disease for which protein and saccharide 

based-vaccines have been developed. We unraveled the 3D structures of the recombinant protein 

antigens of 4CMenB vaccine (fHbp, NHBA, NadA) alone and in combination with functional 

monoclonal antibodies to deepen our knowledge of their biochemical and functional properties. 

Moreover, structure-based design was successfully applied to in silico generate an improved fHbp 

antigen showing enhanced immunological and stability properties, with relevant implications for 

next-generation MenB vaccine. 

We also report conformational and dynamic differences between the native NadA antigen and the 

recombinant vaccine protein, highlighting that the open-trimer fold detected on the bacterial surface 

may expose native state-specific epitopes. The obtained data prove novel inputs for future strategies 

of antigen optimization. 

Lastly, we show how epitope mapping of saccharide antigens can lead to optimization of glyco-

conjugate vaccines. 
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High resolution crystal structure of the alpha/beta hydrolase Pet46 from 

Candidatus Bathyarchaeota.  

Elisa Costanzi1, Julia Schumacher1, Violetta Applegate1, Astrid Port1, Ruth Schmitz-Streit2, Pablo 

Pérez-García3, Jennifer Chow3, Wolfgang R. Streit3, Sander H. J. Smits1,4  

 

1 Center for Structural Studies Heinrich Heine University Düsseldorf, Germany, 2Institute for General 

Microbiology, Christian Albrechts University Kiel, Germany, 3Microbiology and Biotechnology, Universität 

Hamburg, Germany, 4Institute of Biochemistry Heinrich Heine University Düsseldorf, Germany; 

elisa.costanzi@hhu.de  

 

 

We aim to provide solutions for biocatalytic challenges for the chemical, pharmaceutical and biotech 

industries, through an interactive process of in silico data mining, molecular modelling and substrate-

docking, X-ray crystallography as well as enzyme activity assessments. Against the background of a 

steadily growing demand for plastic-degrading enzymes, a profile Hidden-Markov-Model search in 

the UniProt database for novel polymer-active hydrolases resulted in a hit for PET46. PET46 is an 

alpha/beta hydrolase and is derived from the archaeon Candidatus Bathyarchaeota. The recombinant 

enzyme PET46 showed very high activity on BHET indicator plates. It also showed high activities 

on on pNP substrates Among the pNP esters, the highest activity was detected on decanoate with a 

C10 chain length (Vmax (mol/min): 2.89*10-5, Km (mol/l): 4.11*10-4 mol/l, kcat (min-1): 110.99). 

The enzyme has an optimal temperature of 70 °C and an optimal pH of 8 and is very thermostable. 

PET46 showed increased activity on pNP decanoate in the presence of various metal ions, especially 

Zn2+. Especially the thermostability can be an important property for an industrial usage of PET46. 

Crystals of PET46 were obtained in spacegroup P 61 2 2 and diffracted to a resolution of 1.8 Å. One 

monomer is present in the asymmetric unit and it shares the common fold of the alpha/beta hydrolase 

superfamily, with the core of the enzyme being composed by 8 beta-strands connected by 6 alpha-

helixes. In addition, a CAP domain composed by 3 alpha-helixes and 2 beta-strands is present (figure 

1a).  

 
Figure -1 a) X-ray crystal structure of the PET46 enzyme. The active site is indicated by the orange 

star. b) close up view of the active site 

 

The active site is composed by the catalytic triad SER115, HIS238 and ASP206. Interestingly, a 

phosphoric acid mono-(3-hydroxy-propyl) ester molecule is clearly visible in the atomic density 

within the active site (figure 1b).  

By using molecular docking as well as simulation we identified the binding mode of the substrate 

which currently is being tested by mutagenesis. We here present the X-ray crystal structure of the 

PET46 enzyme, that will give atomic-detailed insights on the possible optimization of hydrolases for 

industrial applications. 
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Oxygenic photosynthesis sustains almost all life on Earth reducing carbon dioxide into carbohydrates 

while photo-oxidizing water into oxygen. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) is 

a key enzyme of the Calvin-Benson cycle, the light-independent part of photosynthesis. The NADPH 

produced by the light phase is consumed by the GAPDH catalytic reaction, leading to the production 

of the first sugar of the photosynthetic process. A tight regulation of GAPDH is therefore necessary 

to let concurrently proceed the two phases of photosynthesis. In higher plants, two isoforms of 

GAPDH co-exist in the chloroplast stroma: the homotetramer A4-GAPDH, regulated by the redox-

sensitive intrinsically disordered protein CP12 (1,2) and the heterotetramer, containing A and B 

subunits, which is autonomously regulated through the C-terminal extension (CTE) of B-subunits (3). 

Reversible inactivation of AB-GAPDH occurs via oxidation of a cysteine pair located in the CTE, 

and substitution of NADP(H) with NAD(H) in the cofactor binding site domain. These combined 

conditions lead to a change in the oligomerization state and enzyme inactivation. Typically, the fully 

inactive form is considered a hexadecamer A8B8, generated by the assembly of four A2B2-GAPDH 

tetramers. 

With the aim of disclosing the molecular mechanism driving the regulation and oligomerization of 

AB-GAPDH, we performed a structural study by Small Angle X-ray Scattering coupled with size 

exclusion chromatography (SEC-SAXS) and single particle cryo-electron microscopy (cryo-EM). 

Both experimental approaches highlighted that (A2B2)n-GAPDH oligomers with n=1, 2, 4 and 5 co-

exist in a dynamic system. The relative amount of each oligomer depends on the solution conditions 

(activation/inactivation). The cryo-EM structure of the most populated oligomers (A4B4 and A8B8) 

revealed that the B-subunits mediate the contacts between adjacent A2B2 tetramers and pairs of B 

subunits belonging to adjacent tetramers mutually exchange their CTEs (Fig. 1). Each CTE acts as 

protruding hook and docks into the active site of another B-subunit substantially blocking the access 

of the substrate.  

Figure 1. Cryo-EM model of A8B8 showing the CTEs conformation determining enzyme inactivation. 
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2. A. Del Giudice, N.V. Pavel, L. Galantini, G. Falini, P. Trost, S. Fermani, F. Sparla, Acta Crystallogr. Sect. D Biol. 

Crystallogr. 2015, 71, 2372.  
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Microalgae have recently gained increasing interest because of their potential applications in many 

fields ranging from biofuel to the pharmaceutical sector. However, their full utilization is limited by 

several factors, such as the problematic metabolite extractability. To overcome this issue, the research 

in this sector is looking for algivorous organisms and saprotrophs able to naturally deconstruct the 

algal cell wall. In this context, a novel fungus, classified as P. sumatraense AQ67100, capable of 

assimilating the microalga Chlorella vulgaris, was recently isolated (1) and, the characterization of 

its enzymatic arsenal, composed of proteases, 1,3-β-glucanases and glycosidases, is in progress.  

The enzyme g7048.t1 of P. sumatraense AQ67100 was heterologously expressed in Pichia 

pastoris and purified to homogeneity. Far-UV CD analysis revealed that the protein is characterized 

by 𝛼-helices and β-sheets, typical of secreted glycosyl hydrolases (GH) of fungal origin. Surprisingly, 

although the g7048.t1 was predicted as a glucan endo-1,3-β-glucosidase (1), a combined approach of 

enzyme assays and analysis of its end-products by HPLC indicated that g7048.t1 acts as a 1,3-β-

transglucanase on 1,3-β-glucan oligomers with a degree of polymerization higher than 5. To deeper 

characterize the enzyme, we also obtained the crystal structure of g7048.t1 at 1.7Å resolution. The 

overall structure exhibits the (𝛽/𝛼)8 TIM-barrel fold characteristic of all GH family 17 members 

consisting of an internal core of 8 𝛽-strands connected by loops of different lengths to an external 

layer of 𝛼-helices (Fig.1). The V-shaped catalytic cleft contains two catalytic glutamate residues 

conserved in other GH17 family members, and most of the residues involved in the binding of 

substrate. g7048.t1 shares low amino-acid sequence identity with 

other structurally characterized proteins in the PDB; however, 

structural comparison with homologous proteins highlighted a 

higher similarity with the 1,3-β-glucanosyltransferase from the 

fungus Rhizomucor miehei (RmBgt17A) (2). Interestingly, the 

catalytic cleft of g7048.t1 is broader than that of RmBgt17A, 

suggesting that this protein can also accommodate more complex 

oligosaccharides. These results lead to the conclusion that 

g7048.t1 acts as a 1,3-β-glucan branching enzyme, suggesting a 

role in the cell-wall assembly and rearrangement during the 

mycelium development of P. sumatraense AQ67100. 

 

 

 

 
References: 1. M. Giovannoni et al. A novel Penicillium sumatraense isolate reveals an arsenal of degrading enzymes 

exploitable in algal bio-refinery processes, BiotechnolBiofuels (2021). 2. Z. Qin et al. The first crystal structure of a 

glycoside hydrolase family 17 β-1,3-glucanosyltransferase displays a unique catalytic cleft, Acta Cryst. (2015).  

 
 

 

Fig.1. Crystal structure of g7048.t1. 
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Reactive intermediate deaminase A (RidA) is one of the eight protein families constituting the Rid 

superfamily, shared by all domains of life. RidA proteins are crucial for the maintenance of metabolic 

homeostasis. Particularly, they prevent the intracellular accumulation of 2-aminoacrylate, a toxic 

intermediate produced by the catabolism of specific amino acids. Structurally, RidA members show 

a highly conserved homotrimeric assembly, with the active site laying at the monomer interface, and 

a remarkable thermal stability. The first mammalian member of the RidA family, UK114 (ChRidA), 

was isolated from goat liver. Originally this protein was extensively studied because of its ability in 

triggering the release of cytotoxic antibodies against some solid tumors. In this framework, four 

mutants were designed, V25W, R107W, A108D and I126Y, targeting ChRidA key residues to assess 

their effect on the biochemical and biophysical features of the protein. Thermal stability of the 

mutants was evaluated with Circular dichroism. The collected spectra highlight that, except for 

R107W, which does not unfold in the range of temperature selected, V25W, A108D and I126Y have 

a lower thermal stability than the wild-type goat protein. The maintenance of RidA imino deaminase 

activity was evaluated in vitro. R107W and A108D almost completely lose their hydrolytic activity, 

while I126Y exhibits a mild reduction compared to wild-type ChRidA. Interestingly, V25W displays 

a higher catalytic efficiency with imino acids derived from L-Leu and L-Trp, and a slighter one with 

imino acids derived from the other amino acids tested. Solved crystal structures show that all the four 

mutants retain the homotrimeric assembly typical of the RidA family members. Each monomer 

possesses chorismate mutase-like fold consisting in a six-stranded β-sheet, forming the core of the 

protein, packed against two α-helices, exposed to the solvent. 
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Rituximab, a murine–human chimera, is the first monoclonal antibody (mAb) developed as a 

therapeutic agent to target CD20 protein (1). Its Fab domain and its interaction with CD20 have been 

extensively studied and high-resolution atomic models obtained by X-ray diffraction or cryo-electron 

microscopy are available. However, the structure of the full-length antibody is still missing as the 

inherent protein flexibility hampers the formation of well-diffracting crystals and the reconstruction 

of 3D microscope images (2). The global structure of rituximab from its dilute solution has been 

elucidated by using small-angle X-ray scattering (SAXS) (3). The limited data resolution achievable 

by this technique has been compensated by intensive computational modelling, comprising 

constrained molecular dynamics simulations, which led to develop a new and effective procedure to 

characterize the average structure of the mAb. SAXS data indicated that rituximab adopts an 

asymmetric average conformation in solution, with a radius of gyration and a maximum linear 

dimension of 52 Å and 197 Å, respectively. The asymmetry is mainly due to an uneven arrangement 

of the two Fab units with respect to the central stem (the Fc domain) and reflects in a different 

conformation of the individual units. As a result, the Fab elbow angle, which is a crucial determinant 

for antigen recognition and binding, was found to be larger (169°) in the more distant Fab unit than 

that in the less distant one (143°). The whole flexibility of the antibody has been found to strongly 

depend on the relative inter-domain orientations, with one of the Fab arms playing a major role. The 

average structure and the amount of flexibility has been studied in the presence of different buffers 

and additives, and monitored at increasing temperature, up to the complete unfolding of the antibody.  

 
Figure 1. (a) Structural model of rituximab and (b) best fit of the observed SAXS profile (red line) with that calculated 

from the above model (green line). 
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Diamond Light Source, the UK national synchrotron, offers a world-class suite of instruments for the 

structural biology community. The macromolecular crystallography (MX) village provides 7 

beamlines allowing a wide selection of experimental techniques and is complemented by ancillary 

laboratories for time-resolved studies, the production and characterization of membrane proteins, a 

crystallization facility, and a fragment-screening platform. 

Additional beamlines of biological interest are those for solution scattering, infrared spectroscopy, 

circular dichroism, and X-ray microscopy. Diamond also hosts the electron-BioImaging Center 

(eBIC) with a wide range of cryo-electron microscopes. 

The last two years have been challenging for our community, struggling for access to laboratories 

and instruments while trying to promote essential research to get the world out of the pandemic. 

As part of the ongoing development, the MX group at Diamond introduced ways to increase the 

turnover of scientific projects and facilitate user access.  

A radical innovation was the introduction of unattended data collection (UDC), a fully automated 

system to collect the best data applying recipes chosen by the user. The system does not require a 

dedicated beamline but can be distributed across the village to ensure the best experimental station is 

used for each type of project. Being completely automated, this can be interleaved with interactive 

user visits, minimizing the idle times.  

The unpredictable availability of samples during the last two years, was the driving force to introduce 

another major change. Responsive allocation mode allows the creation of visits within 2 weeks of 

receiving samples, in contrast to the fixed 6-months plan. Knowing exactly the number of samples 

and the type of experiment required allows our team to generate visits of appropriate length and in 

the most suitable beamline. This flexibility favors the best data collection and minimizes the 

expenditure of time. 
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Even though users are once more flowing to Elettra Sincrotrone, remote access will still be 

encouraged and further efforts to enhance the available tools are ongoing. This access mode is 

standard for the MX community and most facilities in the world are implementing advanced features. 

The XRD2 beamline is no exception, and we present here some of the new developments. 
  

Elettra allocated emergency funds to promote mailin and remote access by covering the samples 

shipping costs. In order to alleviate the need to wait for an available dewar shared among labs, XRD2 

has a loaner program for dewar/pucks. Due to the overwhelming success of this temporary program, 

it is under evaluation to migrate to a permanent option.  
 

Time spent to screen/collect on a full unipuck (16 samples) is about 2/3 hours on XRD2. Users go 

over a full dewar (7 pucks) in sessions, split over two days. These sessions can be on consecutive 

days or spaced in time to allow inspection of data collected. Due to our very flexible scheduling, we 

always allocate enough time to go through all the samples. Only daytime hours are used, mostly for 

convenience to users and staff but evening and overnight time are available. In order to keep this 

operating model and address increasing demands, a double gripper replaced the standard unipuck 

gripper. Samples’ exchange is reliable, reproducible and takes less than a minute! This gripper is less 

affected by icing issues so defrosting cycles are also less frequent, further reducing some of the 

overhead time. 
 

Another time consuming step is finding/centering the crystals which often takes longer than real data 

collection time. New tools allowing to find the small crystal(s) in the loop or characterize parts of 

bigger crystals are in place. From MXCuBE3, a mesh can quickly be drawn over the desired area 

which will result in an intuitive heatmap. The map is overlayed on the sample right after the scan and 

can also be found in SynchWeb for later inspection. Since more spots does not equate necessarily 

with better quality, we have options to easily go back to previous positions tested or collected even 

after the sample is remounted. This opens up the door to automated screening of samples in off-hours 

in order to prioritize and focus on best samples. 

 

Realtime sample characterization and implementation of novel data analysis options have triggered 

migration of data crunching code to Elettra high performance computing cluster. More data analysis 

pipelines are being considered and gradually implemented. Key files from each dataset are available 

as soon as automatic processing software are done, via SynchWeb for easy download while full raw 

datasets and data analysis folders are available via Elettra VUO portal. 
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The Hippo pathway is a signaling network, regulating cell growth, proliferation, and apoptosis, hence 

involved in tissue homeostasis and organ size control. A central role in this pathway is played by the 

Yes-Associated Protein (YAP), a DNA transcription co-activator without an intrinsic DNA binding 

domain. Upon activation of the Hippo pathway, a core kinase-cascade mediates the intracellular 

signaling, leading to phosphorylation and subsequent degradation of YAP. In its hypo-

phosphorylated status, YAP moves inside the nucleus where it interacts with various DNA-binding 

partners. In mammalian cells, YAP primarily binds all four Transcriptional Enhancer Associate 

Domain (TEAD1-4) family members (1). TEAD transcription factors are unable to induce gene 

transcription themselves, an activity that is acquired only upon interaction with YAP (2). This protein-

protein interaction (PPI) is essential for expressing Hippo pathway-downstream genes, involved in 

cell proliferation and apoptosis (2). All four human TEADs (hTEADs) have an acylation binding site, 

occupied by palmitic/myristic acid under physiological conditions; the role of TEAD acylation is yet 

not fully understood (3). Dysregulation of the Hippo pathway is associated with tumorigenesis, 

making the targeting of the YAP:TEAD interaction an emerging, attractive therapeutic strategy in the 

oncology field (4). The development of new modulators of this PPI is challenging, indeed very few 

YAP:TEAD4 inhibitors have been reported so far (5). A relevant problem is the poor structural 

information available on this complex, limited to the characterization of the C-terminal YAP-Binding 

Domain of hTEAD4 (hTEAD4-YBD) in complex with a 40mer peptide covering a fragment of the 

TEAD-Binding Domain of human YAP (hYAP-TBD). Aiming to expand the current structural 

understanding on this PPI, we developed reliable protocols for co-expression and co-purification of 

hTEAD4-YBD in complex with hYAP-TBD (L-complex) and with two shorter fragments, including 

70 and 90 residues (S and M complex, respectively). All three complexes were crystallized but, 

despite optimization, crystals showed only poor diffraction in preliminary X-ray crystallographic 

analyses. Meaningful improvements of the crystal quality/ordering were achieved by the 

microseeding technique, allowing to obtain diffraction quality crystals for both the S and L 

complexes. The structure of the hYAP-TBD:hTEAD4-YBD S complex was determined to 2.5 Å 

resolution, in the trigonal space group P3121 with unit cell parameters a, b = 164.58 Å and c = 258.61 

Å, whereas a lower resolution, 3.1 Å, was obtained for the L complex. The crystal ASU consists of 

12 heterodimers, showing relevant structural insights on the hYAP:hTEAD4 PPI. Our results expand 

the current knowledge on the mechanisms regulating the downstream effectors of the Hippo pathway, 

providing novel information for the rational design of hYAP:hTEAD4 PPI modulators. 
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Bokhovchuk, F., Fontana, P., Zimmermann, C., Martin, T., Delaunay, C., Izaac, A., Kallen, J., Schmelzle, T., 

Erdmann, D., & Chène, P. Protein science. 2017; 26(12), 2399–2409. 4. Santucci M., Vignudelli T., Ferrari 

S., Mor M., Scalvini L., Bolognesi M.L., Uliassi E., Costi M.P.  J. Med. Chem. 2015;58:4857–4873. 5. Calses 
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The SARS-CoV-2 main protease (Mpro) has a pivotal role in mediating viral genome replication and 

transcription of the coronavirus, making it a promising target for drugs against the COVID-19 

pandemic. Here, a crystal structure is presented in which Mpro adopts an inactive state that has never 

been observed before, called new-inactive. It is 

shown that the oxyanion loop, which is involved in 

substrate recognition and enzymatic activity, adopts 

a new catalytically incompetent conformation and 

that many of the key interactions of the active 

conformation of the enzyme around the active site are 

lost. Crystallographic ensemble refinement and 

molecular dynamics simulations conducted on the 

active and the new-inactive conformations of Mpro 

clearly show that they have comparable stabilities. 

Our data suggest that these two conformations are 

likely to co-exist as an equilibrium in solution. 

The transition from the inactive to the active state is 

driven by solvation and desolvation energetic 

contributions, with Phe140 moving from an exposed 

to a buried environment and Asn142 moving from a 

buried environment to an exposed environment 

(Figure 1). Two other relevant features of the new-

inactive conformation of Mpro are: a) a new 

druggable cavity is present near the S2’ subsite; b) 

the N-terminal and C-terminal tails, as well as the 

dimeric interface, are perturbed, with partial 

destabilization of the catalytically active dimeric 

assembly.  

This novel conformation is relevant both for comprehension of the mechanism of action of Mpro 

within the catalytic cycle and for the successful structure-based drug design of antiviral drugs.  

 

 
Fornasier, E., Macchia, M. L., Giachin, G., Sosic, A., Pavan, M., Sturlese, M., Salata, C., Moro, S., Gatto, B., Bellanda, 

M. & Battistutta, R. (2022). Acta Cryst. D78, 363-378. 
 

 
 
 
 
 
 

Figure 1 - Comparison between different oxyanion-

loop conformations of Mpro: active in SARS-CoV-2 
Mpro (PDB entry 6Y2E) in blue, and new-inactive in 

SARS-CoV-2 Mpro (this work) in green. Sidechains 

of residues Phe140 and Asn142 are highlighted, 
showing the former moving from an exposed to a 

buried environment and the latter moving from a 

buried environment to an exposed environment. 
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Membrane proteins are key regulators of most physiological processes and attractive targets for the 

design of new drugs. Computational methods are used extensively for the prediction of membrane 

protein structure and dynamics, as well as for modeling of small-molecule interactions and estimation 

of their binding affinity. Despite recent advances in the field of structure-based virtual screening 

programs and machine-learning functions, structure diversity of membrane proteins, ineffectual 

scoring functions and poor data for training strongly affect predictive performances [1-2].  

To provide experimental evidence in this, we will illustrate applications of virtual approaches for the 

membrane targets FAAH and NAPE-PLD. These enzymes regulate lipid amide signaling in human, 

playing key roles in several physiological pathways, including stress and pain response, appetite, and 

lifespan [2-4]. The crystal structures of FAAH and NAPE-PLD in complex with different ligands 

reveal data instances of active molecules whose interactions had been erroneously evaluated using 

virtual recognition tools. To support drug discovery processes on membrane proteins appropriately 

we ought to carefully evaluate the frequency of these negative virtual performances, and, at the same 

time, the time required to obtain experimental results. 
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The sigma-1 receptor (σ1R) is an intracellular receptor expressed in central nervous system regions 

and known to regulate calcium signalling and cell protection. The σ1R gene encodes a 24 kDa protein 

of 223 amino acids, which is anchored to the endoplasmic reticulum and plasma membranes 

implicated in a variety of disorders including neurodegenerative diseases such as Alzheimer Diseases 

(AD), Huntington Disease (HD) and Parkinson Disease (PD) (1). Even if many molecules have been 

shown to have agonist or antagonist activity, based on their ability to recapitulate the phenotype of 

receptor overexpression or knockdown, respectively, the endogenous ligand of this receptor is still 

unknown (2). Moreover, the structure of the protein in complex with agonists and antagonists have 

been solved by X-ray crystallography (3), but the mechanism of receptor activation remain still 

unknow. Thus, we have started a structure-function relationship study in σ1R with two purposes: i to 

identify new σ1R agonists to be used as lead compound to find drugs against HD; ii to find the 

endogenous ligand of the receptor and disclose the mechanism of receptor activation. 

About the first goal, we have implemented a drug repositioning strategy consisting of prediction of 

the ability of the FDA-approved drugs publicly available through the ZINC database to interact with 

σ1R by virtual screening, followed by computational docking and visual examination of the highest 

scoring drugs. Moreover, we performed purification of σ1R, in order to solve the X-ray structure of 

the protein in complex endogenous and exogenous ligands. With this purpose, we have started the 

crystallization trials. To achieve the second objective, we also performed Molecular Dynamics (MD) 

studies to evaluate how ligands bind to the active site of the receptor, using the pdb trimer. 

Intriguingly, the MD simulation allowed us to find a possible route for ligands entry in the receptor. 

In particular, in monomer 2 we found that the salt bridge between Arg175 and Glu123 opens a route 

for the ligand entry in the protein cavity. 
 

Reference: 1. Battista,T.; et al.. Int. J. Mol. Sci. 2021,22, 1293. n. 1.  2. Nguyen, L. et. al.  J. Pharmacol. Sci. 2015, 127, 

17–29. n. 2. 3. Schmidt, H.R et.al. Nature. 2016, 532, 527-530. n. 3. 
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Lafora disease (LD) is a rare, genetic, neurodegenerative disorder manifested by severe teenage onset 

of progressive myoclonus epilepsy. The patients usually die within 10 years of first symptoms 

occurrence. There is no cure available. LD is caused by mutations in laforin-malin complex which 

leads to appearance of neurotoxic inclusion bodies formed by insoluble polyglucosans called Lafora 

Bodies (LB). One of the key regulatory enzymes in glycogen metabolism is PP1 (type 1 protein 

phosphatase) which “switches” on or off glycogen synthase and phosphorylase responsible for 

glycogen synthesis and degradation. PP1 is involved in many cellular processes and acquires its 

specificity by forming holoenzymes with scaffolding proteins. In neurons PTG (protein targeting to 

glycogen) binds to PP1 and brings it to its substrates. In healthy neurons PTG is downregulated by 

laforin-malin complex, mutations in any of these proteins causes accumulation of PTG, which 

promotes glycogen synthesis by directing PP1 to glycogen synthase and glycogen phosphorylase. In 

LD mice models knocking out PTG resulted in a nearly complete disappearance of LB and resolution 

of neurodegeneration and myoclonic epilepsy, indicating that small molecules interfering with the 

PTG/PP1 interaction emerges as a promising therapeutic strategy for LD. Up to date, there was no 

structural data of PTG and PTG/PP1 complex allowing for identification of potential druggable 

pockets. We present our efforts to obtain structural information of PTG-CBM21 and PTG/PP1 

complex. Herein we report the first structures of human PTG: PTG-CBM21 in complex with β-

cyclodextrin, PP1 in complex with PTG N-terminal peptide containing the conserved binding motif 

RVXF and finally PTG/PP1 holoenzyme.  

Our findings contribute to elucidating the interplay mechanism between PTG and PP1 and provide 

the basis for further structural analysis in order to identify druggable pocket. 
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The nerve growth factor (NGF) was the first identified and the structurally and functionally best 

characterized member of the neurotrophin (NT) family (1). It is involved in maintenance and growth 

of different neuronal populations and exerts its activity through TrkA and p75NTR receptors (2). 

NGF is produced as a precursor, proNGF, which is secreted by many tissues and is the predominant 

form of NGF in the central nervous system (CNS). The homeostasis between mature neurotrophin 

NGF and its precursor proNGF is thought to be crucial in physiology and in pathological states (3). 

Besides its role in the nervous system, NGF also takes part in the activation of the immune and 

endocrine system and is involved in the pain- signaling pathways (4). 

Recently, it became clear that the molecular bioactivity of NGF is associated to other actors, whose 

role in NGF signaling has been often overlooked. These are small endogenous biomolecules 

(nucleotides, lipids and carbohydrates) involved in many intracellular pathways (5, 6, 7, 8, 9, 10, 11, 

12). It thus remains crucial to elucidate the molecular and chemical topology of the partners involved 

in neurotrophins signaling. To this aim, besides the fundamental cellular biology insights, a detailed 

high-resolution analysis of the binding modes of protein–small ligand complexes from 3D structure 

data is essential for understanding the selective ligand recognition by proteins. 

An up-to-date analysis of the available 3D structural data on the binding of NGF to small endogenous 

ligands (Figure 1) is presented (13), with the further intention of identifying common features that 

are likely to contribute to the binding to molecular surfaces as well as to specific binding pockets, 

which might be exploited by further biological and pharmacological studies. 

This knowledge is essential for further understanding the functional role of small endogenous ligands 

in the modulation of neurotrophins signaling in physiological and pathological conditions and for 

better exploiting the therapeutic potentialities of NGF. 
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Figure 1. NGF primary structure with indication of 

secondary structure elements and loops names. The 

stretches of residues involved in the binding to the 

different endogenous ligands are indicated by different 

color codes. 

LysoPS: blue; LPI: green; DG: red; ATP: site 1 -

magenta, Site 2 – yellow; PO4
3-: orange; Zn2+: pink; CS-

E: teal. 
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