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Aliverti A., Milani M., de Rosa M.: From protein structure to novel therapeutics against rare genetic diseases 

Beltrame Monica: Transgenic lines, morpholinos and mutants to study regulatory networks in zebrafish 

Biffo Stefano: Functional study on Fam46c tumor suppressor in multiple myeloma 

Biffo Stefano: eIF6 Gene dosage effects on the development of Drosophila melanogaster 

              Briani Federica: New therapeutic strategies against Gram-negative bacteria: identification and characterization 

of molecular targets for novel antibacterial drugs 

Camilloni Carlo: Integrative modelling of molecular recognition processes by means of computer simulations 

Cappelletti Graziella: Microtubule dysfunction and neurodegeneration: dissecting the interplay of alpha-

synuclein with tubulin in models of Parkinson's disease 

Cattaneo Elena: Huntington’s Disease: biological and molecular aspects in neurons and glia derived from 

pluripotent stem cells 

Colombo Lucia: Evolution of molecular networks controlling the seed coat differentiation 

Conti Lucio: Integration of drought and phyto-hormonal signals in the shoot apical meristem of plants 

Costa Alex: Study of the physiological role played by the aminoacid-binding domain of Arabidopsis Glutamate 

like receptor-channels 

Fornara Fabio: Genetic and molecular control of flowering in rice 

Dolfini Diletta: Study of NF-Y expression across TCGA cancer datasets 

Ezquer Ignacio: Molecular, metabolic and structural bases of seed formation 
Guerrini Luisa : Analysis of the molecular mechanisms at the basis of thalidomide-induced limb defects  
                          in zebra fish embryos 
Kater Martin: Functional Analysis of Genes Controlling Inflorescence Architecture 
Landini Paolo, Paroni  Moira: Role of c-di-GMP and other nucleotide-derived signal molecules in Crohn’s 
disease-associated  host-bacteria interaction  
Lazzaro Federico: Vid22 as a new player to maintain genome stability 
Mantovani Roberto: Role of NF-YA in development of epithelial cancers 

Marini Federica: Insights into the role of DNA break processing factors in maintaining genome stability to 
target cancer cells 
Mazzanti Michele: Reciprocal interactions between glioblastoma stem cells and cancer-associated microglia 

during brain tumor development 

Mendes Marta: Molecular control of sporogenesis in plants 

Messina Graziella: Development of genetic and pharmacological approaches to cure Muscular Dystrophies 

Moroni Anna:         Engineering of synthetic protein tools for optogenetics 
Muzi Falconi Marco: The response to DNA damage in nonproliferating cells: mechanisms and pathologies 
Nardini Marco: Biophysical and structural (NMR and crystallography) characterization of the transcription 

factor Nf1x involved in muscular dystrophy 

Pellicioli Achille: Mechanism of anthocyanin cardioprotection against doxorubicin-mediated autophagy 
dysregulation 
Pesaresi Paolo: Organelle-Nucleus Communication Elements: Discovering the molecular details of the 

retrograde signaling pathway 

Petroni Katia: Mechanism of anthocyanin cardioprotection against doxorubicin-mediated autophagy 

dysregulation 

Polissi Alessandra: Envelope biogenesis in Gram-negative bacteria as molecular target for the development of  



next generation antibacterial drugs 

Ricagno Stefano: Light chain amyloidosis: towards the understanding of the molecular bases of cardiotoxic 

amyloid aggregation 

Saponaro Andrea: Molecular insights into HCN gating mechanisms  

Vaccari Thomas: Systematic genetic and pharmacologic modulation of Notch signaling and tumorigenesis 

 in Drosophila 

Vanoni M.A. Dissecting the mechanism of action and regulation of human MICAL1, the multidomain 

flavoenzyme participating in actin cytoskeleton dynamics 

Zuccato Chiara: Molecular and cellular strategies to counteract defects in Huntington's disease models 

 

  
  



Project leader: Alessandro Aliverti (alessandro.aliverti@unimi.it) 

 

Co-tutors: Mario Milani e Matteo de Rosa (CNR Istituto di Biofisica) 

Location: Dipartimento di Bioscienze, Università degli studi Milano 

 

RESEARCH PROJECT SUMMARY 

From protein structure to novel therapeutics against rare genetic diseases 

This project aims to develop an efficient and innovative pipeline to select novel drugs against rare orphan 
diseases, exploiting a structure-based drug discovery (SBDD) approach. Patients suffering from rare maladies (< 
5 patients/10000) deserve the same quality of treatment as conventional patients do. However, pharmaceutical 
companies do not invest in the development of drugs against these diseases and academic research rarely 
receives the resources for traditional drug discovery projects. SBDD represents a cost-effective alternative, as it 
allows an inexpensive pre-screening (i.e. virtual docking to potential targets) of chemicals. This computational 
approach will significantly reduce the number of molecules to be tested in vitro and in vivo, minimizing the 
experimental burden. Moreover, libraries of molecules already approved by FDA/EMA will be included in the 
screening, aiming at the repositioning of drugs that could be immediately available for clinical application.  
In particular, three different hereditary diseases will be object of this study: 

i) cone dystrophies caused by mutations in the guanylate cyclase (GCAP) protein; 
ii) mitochondriopathies due to allelic variants of the apoptosis inducing factor (AIF); 
iii) Agel amyloidosis, whose pathogenic precursor is mutated gelsolin (GSN). 

The proposing labs have already extensively studied the aforementioned aetiological proteins and the molecular 
bases underling the diseases are relatively well understood. Moreover, crystal structure of the mutated proteins 
and robust protocols for their functional characterization are available. The project is highly multidisciplinary 
and offers training opportunities ranging from computational biology to preclinical studies. The student will be 
primarily responsible for the activities here briefly summarized: 

i) GCAP, AIF and GSN structures will be used as targets to screen in silico novel ligands of the proteins. 
Several libraries of small molecules are available, but primarily a 9k compounds library of already approved drugs 
will be used. 

ii) Proteins will be expressed in heterologous systems and purified to homogeneity.  
iii) Best binders according to the computational analysis, will be tested experimentally in vitro on the 

purified proteins with the appropriate assay (shift in denaturation profile, enzyme inhibition, alteration of 
oligomerization/aggregation state, protein-protein interaction, …) and their binding affinity measured. 

iv) Validated compounds will be further tested in appropriate animal models of the diseases (either mouse 
or C. elegans) thanks to national and international collaborations.  

v) The effect of the small molecule on the physiological and pathological function of the target will be 
thoroughly characterized to dissect the mechanism of action, experimentally and via simulations. 

vi) Finally, the crystallographic structure of the target-ligand complexes will be obtained to set the bases 
for an optimization of the leads. 

 
This project develops in the framework of a collaboration between the Enzymology Lab (Alessandro Aliverti), 
Dept. of Bioscience and the CNR-IBF X-ray crystallography and structure-based drug design group (Mario Milani, 
mario.milani@unimi.it and Matteo de Rosa, matteo.derosa@cnr.it ). 
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Project leader: MONICA BELTRAME (monica.beltrame@unimi.it) 

Location: Department of Biosciences, Università degli Studi di Milano, via Celoria 26, Milano 

 

RESEARCH PROJECT SUMMARY 

Transgenic lines, morpholinos and mutants to study regulatory networks in zebrafish 

Our lab in interested in studying the endogenous control of gene expression and development as well as 
the remote control of cellular circuitries in vivo. We selected zebrafish as an in vivo vertebrate model system. 
Zebrafish offers several advantages, such as external fertilization, large clutches of eggs, optical clarity of 
embryos, rapid embryonic and larval development, amenability to genetic analysis and transgenesis. 
Microinjection of antisense oligos, the so-called morpholinos, or of in vitro transcribed RNAs enables gene 
knockdown studies and transient expression of genetically engineered proteins. A more stable alteration of gene 
expression and cellular networks can be achieved through mutant and transgenic lines.  

The new methodologies allowing a broader access to reverse genetics in zebrafish have stimulated a great 
debate in the scientific community on the extent to which mutants and morphants are phenotypically similar 
and how much morpholinos can help in quickly assessing gene function.  
Our lab presented evidence on the involvement of Sox18, a transcription factor of the Sox (Sry-related HMG-
box) family, in lymphatic development in zebrafish, mainly based on knockdown approaches. SOX18 is mutated 
in patients affected by HLT (Hypotrichosis-Lymphedema-Telangiectasia) syndrome. In mammals, Sox18 appears 
at the top of a transcription factor cascade driving differentiation of lymphatic endothelial cells from venous 
blood endothelial cells through the activation of Prox1. Sox18-null mice embryos develop lymphedema only in 
certain genetic backgrounds, likewise only a subset of patients carrying SOX18 mutations show signs of 
lymphatic dysfunction. The evolutionary conservation of the Sox18-CoupTFII-Prox1 axis in lymphatic 
development has been questioned by a report showing no signs of lymphatic dysfunction in zebrafish mutants 
in any one of the three genes.  

We are re-evaluating the role of Sox18 in zebrafish lymphatic development by making use of a new, 
independent mutant allele in several endothelial transgenic lines. We have preliminary evidence of lymphatic 
defects in homozygous mutants and we plan to combine the use of zygotic and maternal-zygotic mutants with 
the partial knockdown of several genes involved in lymphatic development in order to better define the 
molecular networks governing lymphangiogenesis. Making use of the Gal4-UAS bipartite system, we also plan 
to generate an inducible dominant-negative Sox18 transgenic line, to be crossed with several endothelial driver 
lines to better understand which is the molecular process in which Sox18 plays a role. 

This will set the technical basis for the generation of future transgenic lines within the NO MAGIC ERC 
project, aimed at exploring new non-invasive ways to achieve remote control of cellular circuitries. 

 
 

 

Project leader: STEFANO BIFFO (stefano.biffo@unimi.it)  

Location: Department of Biosciences & INGM 

 

RESEARCH PROJECT SUMMARY 

Functional study on Fam46c tumor suppressor in multiple myeloma  

Multiple myeloma is a hematological cancer that affects B cells. In recent years, therapy of MM has benefitted 
from treatment with proteasome inhibitors. However, most patients develop resistance to proteasome 
inhibitors urging the search for new therapeutic interventions that take advantage from the specific features 



of multiple myeloma cells. Indeed, up to 17% of myeloma patients have mutations in the FAM46C gene. 
FAM46C gene is mutated only in multiple myeloma tumors, and not in all other, so far known, neoplasms. The 
central hypothesis is that FAM46C gene exerts a unique tumor suppressor and molecular function in myeloma 
cells, and its understanding may lead to a novel therapeutic target. Insofar, the function of FAM46C is 
unknown.  
This project aims at understanding the molecular and cellular function of FAM46C gene. Preliminary work in 
the proposing laboratory has shown that FAM46C may act by regulating the process of proteostasis, i.e. the 
equilibrium between synthesized and degraded proteins. In order to define FAM46C function, the interactors 
of FAM46C will be first isolated by affinity purification. Next, the FAM46C complex will be reconstituted, in 
vitro, to define its biochemical activity. Finally, the FAM46C interactors will be either knocked down or 
reconstituted, in myeloma cells, to define their relevance in the progression of multiple myeloma and to help 
in the stratification of patients. 
 
 
 
 
Project leader: [STEFANO BIFFO (stefano.biffo@unimi.it)]  

Location: Department of Biological Sciences & INGM 

 

RESEARCH PROJECT SUMMARY 

 
        eIF6 Gene dosage effects on the development of Drosophila melanogaster 

Eukaryotic initiation factor 6 (eIF6) regulates translation initiation by binding the 60S subunit and only recently 

it has been demonstrated that translation initiation factors regulate metabolism through selective translation 

of specific mRNAs. 

The project aims at understanding more into details how this regulation occurs, by using Drosophila 

melanogaster as organism model. Preliminary work in the proposing laboratory has shown that a D. 

melanogaster model with increased eIF6 gene dosage results in a transcriptional signature that reveals a 

tremendous decrease in ecdysone pathway related genes. We also demonstrated that during development 

there is a correlation between eIF6 and 20-HE levels, evidencing that this initiation factor regulates this 

important metabolic process. Moreover, electron microscopy images show an aberrant morphology of 

mitochondria, also confirmed by increased ATP levels, when eIF6 is overexpressed. All these data suggest a direct 

role of metabolism regulation by eIF6.  

 

 

 

 

 

 



 
Project leader: FEDERICA BRIANI (federica.briani@unimi.it)  
 

Location: Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

New therapeutic strategies against Gram-negative bacteria: identification and characterization of 

moleculartargets for novel antibacterial drugs 

Bacterial infections are one of the most frequent causes of death and morbidity worldwide. Gram-negative 
pathogenic bacteria pose a particularly serious threat to public health, further worsened by the spreading of 
strains resistant to many (and sometimes most) antibiotics. It is thus mandatory to develop new molecules to 
fight infections by antibiotic-resistant bacteria. My lab is interested in identifying and validating molecular 
targets for the development of new anti-bacterial drugs using Escherichia coli and Pseudomonas aeruginosa as 
model organisms.  
The PhD student will join a research line currently ongoing in the lab aimed at understanding how modifications 
of the lipopolysaccharide, and in particular phosphorylation by the LpxT phosphotransferase, impact on the 
outer membrane permeability and functionality in Escherichia coli and how environmental signals modulate lpxT 
gene regulation. This research is relevant not only because it addresses unanswered questions about how 
bacteria assemble and modify an essential cell component as the outer membrane (OM), but also because Gram-
negative pathogens are so refractory to the treatment with anti-bacterials thanks to their OM, which is an 
effective permeability barrier to most antibiotics. Drugs interfering with the OM function could be exploited as 
adjuvants in antibiotic therapy.  
 

 

Project leader: CARLO CAMILLONI (carlo.camilloni@unimi.it) 

Location: Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Integrative modelling of molecular recognition processes by means of computer simulations 

Most biological processes at the molecular level happen as a consequence of the specific interaction 
between proteins or between proteins and nucleic acids. From protein folding to the self-assembly of molecular 
machines and protein aggregates to the regulation of the transcription of proteins and the delivery of messages 
through cells these interactions are determined by the structure and the dynamics of the biomolecules involved. 
Molecular dynamics simulations are a key tool to look into the details of molecular interactions and shed light 
on the determinants of molecular recognition at the microscopic level. Nonetheless simulations alone are not 
always accurate enough to capture quantitatively the complex behaviour of biomolecules. Recently, we have 
contributed to develop methodologies for the integration of experimental data like those acquired by Nuclear 
Magnetic and SAXS in molecular dynamics simulations in order to increase the accuracy and the predictive 
power of the resulting models.  

The goal of the present project is to apply and further develop integrative modelling methodologies to 
understand the role of conformational flexibility in protein-protein and protein-DNA interactions with a focus 
on three relevant processes: 1) the self-assembly of proteins into amyloid fibrils to shed light on the 
determinants of protein aggregation with a focus on protein related to systemic amyloidosis; 2) the role of 



dynamics in the elongation of poly-ubiquitin chains and the consequences for their signalling pathways; 3) the 
role of specific and unspecific interaction sites in the case of transcription factors and their effect on the 
geometry of DNA and the recruitment of other transcription factors. We will make use of multiple available 
experimental data like SAXS, mass-spectroscopy and Cryo-EM and of multi-scale simulation approaches to allow 
the accurate modelling of large systems. All project will be in collaboration with researchers in Italy and abroad. 
 

 

Project leader: GRAZIELLA CAPPELLETTI (graziella.cappelletti@unimi.it) 

Location: Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Microtubule dysfunction and neurodegeneration: dissecting the interplay of alpha-synuclein with tubulin in 
models of Parkinson's disease 

 
Dysfunction of microtubule system is emerging as a novel contributing factor in several 

neurodegenerative processes including Parkinson’s disease (PD). Recent data indicate that microtubules interact 

with some of the proteins mutated in PD including -synuclein. Despite decades of intensive investigation, the 

physiological role of -synuclein remains elusive and, consequently, its contribution to pathology not well 

cleared up.  -Synuclein is a soluble intrinsically unfolded protein, being able to adopt multiple conformations. 
Data from in vitro and in vivo studies suggest a role of Syn at the presynapse in the regulation of neurotransmitter 

release and the mobilization of synaptic vesicles pools. We have very recently found that -synuclein folds upon 
interaction with tubulin and pointed out its novel role in regulating multiple steps of microtubule dynamics in 

vitro and in neuronal cells (Cartelli et al., 2016). Interestingly, we also reported that the pathogenic -synuclein 
variants linked to PD loose the ability of folding upon interaction with tubulin and mainly promote tubulin 
aggregation rather than properly regulate microtubule dynamics. Thus, based on these evidences and on the 
emerging involvement of microtubule dysfunction in neurodegeneration (Pellegrini et al., 2016; Cartelli and 

Cappelletti, 2017), unravelling the role of the interaction of -synuclein with tubulin in health and disease 
remains a crucial challenge.  

The goal of the present project is to investigate the impact of -synuclein on the regulation of 
microtubule behaviour at the synapse in multiple experimental models ranging from cultured cells to transgenic 
mice. In the first part of the work, the PhD fellow will investigate microtubule dynamics by live cell imaging, 
super-resolution and electron microscopy analyses on primary neuronal cultures isolated from mice embryos 

following overexpression or silencing of wild-type and pathogenic forms of -synuclein. In the second part of 
the project, the impact of α-synuclein on microtubule system will be investigated by ex-vivo and in vivo 
approaches in transgenic mouse models of Parkinson’s disease, namely mouse overexpressing mutated human 
α-synuclein (A53T-SNCA). A set of complementary analyses will be employed for investigating the localization of 

-synuclein and microtubules at the level of both pre- and post-synaptic (mainly dendritic spines) compartments 
and the molecular profiling of microtubules and microtubule-interacting proteins in specific brain regions 
involved in the pathogenesis of PD.  

Novel insights into the physiological role of -synuclein and the first detailed analysis of the interplay 

between -synuclein and microtubules in a mouse model of PD is the expected outcome. 
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Project leader:  ELENA CATTANEO (elena.cattaneo@unimi.it) 

Location: Department of Biosciences, Laboratory of Stem Cell Biology and Pharmacology of Neurodegenerative 

diseases 

RESEARCH PROJECT SUMMARY 

Huntington’s Disease: biological and molecular aspects in neurons and glia derived  

from pluripotent stem cells 

 

Huntington’s disease (HD) is an autosomal-dominant, progressive neurodegenerative disorder that 
usually onsets in midlife. It is characterized by motor, cognitive, and psychiatric symptoms. Once symptomatic, 
patients are rapidly disabled and require increasing multidisciplinary care. Current treatments fail to produce 
significant relief to the patients therefore HD results as a tremendous burden for medical, social, and family 
resources. The symptoms and the progression of HD can be linked to its neuropathology, which is characterized 
by loss of specific neuronal populations in many brain regions. Several studies have shown that medium spiny 
neurons (MSN) are severely affected. MSN are inhibitory projection neurons and are the primary source of 
striatal projections. 

 
The laboratory is actively involved in international research programs aiming at deriving specific and 

robust differentiation protocols for the generation of MSNs. We have developed a protocol to obtain such 
neurons from human embryonic stem (hES) or from induced pluripotent stem cells (hiPS) using a defined in vitro 
neural induction system and quantitative assessment tools (Delli Carri et al., Development 2013). Moreover, we 
are using stem cells to study the normal fuction of huntingtin along evolution (Lo Sardo et al., Nat Neuroci 2012). 

 
In this project, by the combination of multiple approaches we aim to develop strategies to further improve 

the recovery and quality of fully functional human MSNs from hES/hiPS cells with the goal of using them to study 
huntingtin function in human cells and for future transplantation studies in HD. We will further explore the use 
of additional morphogenes/active molecules to increase frequency of authentic MSNs during differentiation and 
apply these to doxycycline-inducible hES lines that over-express critical combinations of transcription factors 
(TFs) known to be important for striatal specification and differentiation. Moreover, we plan to use recently 
developed genome editing tools to modify ad hoc endogenous gene expression by either insertion of fluorescent 
reporters to use as hallmarks for differentiation or to modulate and/or knock out gene of interest for gain/loss-
of-function studies. Quality of the neurons obtained at the end of the differentiation protocol will be verified by 
a convergence of features such as expression of neuronal markers as well as neurochemical and bioelectrical 
properties. We will also use Cas9-mediated knock-out strategies to inactivate the HD gene and produce new 
lines expressing huntingtin protein with mutation in critical aminoacidic sites. 

In conclusion this project aims at (i) developing new hES cell lines over-expressing critical striatal TFs; (ii) 
characterizing the identity of the neural progenitors and post-mitotic neurons derived from differentiation 
studies; (iii) generating and characterizing genome edited-PS cell lines and HD hiPS lines; (iv) using the cells to 
study huntingtin biology and for transplantation studies. 
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Project leader: LUCIA  COLOMBO (lucia.colombo@unimi.it)  
Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 
 
 
Evolution of molecular networks controlling the seed coat differentiation 
 
 

Seed producing plants named Spermatophytes, comprise both Angiosperms and Gymnosperms. The 

evolution of the seed has increased enormously the evolutionary success of land plants. Seeds contain a 

miniature plantlet (the embryo) that can remain viable for a long time after being shed by the “mother” 

plant providing them with the ability to travel over long distances or having time to await for optimal 

conditions to germinate allowing dispersal over new territories. Thus, the seed represents a moment of 

possible mobility for plants that are otherwise sessile organisms. 

The seed consists of three genetically distinct components: seed coat, endosperm and embryo that need to 

communicate to coordinate their development in order to ensure a correct seed formation. 

This project aims to study the evolutionary conservation of the molecular network that controls seed coat 

differentiation in response to fertilization.  

To do so we propose to study this process in an Angiosperm (Arabidopsis thaliana) and in a Gymnosperm 

(Ginkgo biloba). It’s becoming evident that the expression of the genes involved in seed coat differentiation 

are regulated through epigenetic mechanisms, therefore the state of epigenetic marks on specific 

regulatory genes and at a genome wide scale will be investigated during the early steps of seed coat 

formation in both species. Detailed transcriptome analysis will be performed to identify key regulators of 

seed coat development that will be functionally characterized. 

 
 

Project leader: LUCIO CONTI  (lucio.conti@unimi.it) 
Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 
 

Integration of drought and phyto-hormonal signals in the shoot apical meristem of plants 

Drought stress triggers the production of abscisic acid (ABA), which acts as a signal to accelerate reproductive 
development, a phenomenon known as drought escape (DE). Our current understanding of DE posits that ABA 
promotes the upregulation of the florigen genes FT and TSF under long day photoperiodic conditions. 
Conversely, under short-day photoperiods ABA negatively regulates flowering, by targeting the floral-promoting 
gene SOC1 in the shoot apical meristem (SAM), independent of the florigen genes. The transition to flowering 
under drought conditions thus depends on activation of separate ABA-regulated programs. The overarching 
questions of the proposed project are: how does ABA exert different controls in the leaf and in the shoot? does 
ABA affect other hormonal pathways operating in the shoot to modulate flowering? The student will develop 
methods to study the distribution of ABA and ABA responsive genes in the SAM through confocal microscopy 
approaches. Because flowering under short day is driven by gibberellic acid, experiments will be designed to 
study the spatial regulation of ABA and GA responses, and to identify their potential targets. The use of genetic 
and genome wide expression studies will further substantiate the proposed ABA-GA cross talk in the shoot 
meristem. These tasks will be supported by the physiological characterisation of ABA mutants with respect to 
GA responses and accumulation, and the set-up of in vivo/vitro assays to evaluate the activity of GA-related 



proteins in different ABA-deficient background. Knowledge obtained through these experiments will provide 
concepts that should help understand how variable water–dependent signals are translated into developmental 
information in plants.  
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Project leader: ALEX COSTA (alex.costa@unimi.it)  

Location: Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Study of the physiological role played by the aminoacid-binding domain of Arabidopsis Glutamate like 
receptor-channels 

Ionotropic glutamate receptors (iGluRs) are ligand-gated non-selective cation channels that mediate 
neurotransmission in animal central nervous systems. Homologous proteins in plants (glutamate like-receptors 
or GLRs, 20 members in Arabidopsis) have been implicated in root development, ion transport, several metabolic 
and signalling pathways as well as calcium (Ca2+) signalling, thus being putative calcium-permeable channels. A 
recent work demonstrates the involvement of two members of the plant GLR family, AtGLR3.3 and AtGLR3.6, in 
long-distance wound signalling (Mousavi et al., 2013). Moreover, AtGLR1.2, AtGLR3.3 and AtGLR3.7 are 
expressed in pollen and are crucial for the generation of the Ca2+-tip gradient and the proper pollen tube growth 
and fertility (Michard et al., 2011; Wudick et al., 2018a). In addition, the two Physcomitrella patens GLRs have 
been shown to be essential for both chemotaxis and reproduction (Ortiz-Ramirez et al., 2017). However, despite 
of the fact that plant GLRs are considered bona fide glutamate receptors, there are no proofs that any plant GLR 
isoform is able to bind glutamate, or other amino acid, and that such a putative binding may play an in planta 
physiological role.  

In our laboratory we are currently studying different GLR channels including GLR3.3, GLR3.6 and GLR3.7 of 
Arabidopsis with attention to their roles as putative amino acid (AA) receptors related to Ca2+ signalling. 
Noticeably, whereas in wild type plants the administration of several AA triggers cytosolic Ca2+ increase in root 
tip cells, these are abolished in knock-out (KO) plants for the GLR3.3 (two independent alleles). On the other 
hand, the glr3.7 KO mutant (three independent alleles) shows an enhanced Ca2+ transient increase in response 
to AA. The glr3.6 KO does not show differences compared to the wild type. These results suggest that GLR3.3 
and GLR3.7 may represent putative Ca2+-permeable AA receptors which have opposite roles, being positive and 
negative AA-induced cytosolic Ca2+ increase regulators, respectively. In support of this hypothesis in our lab we 
have obtained the crystal structure of the GLR3.3 ligand-binding domain and demonstrated that it is able to bind 
the seven AA (those able to induce cytosolic Ca2+ increases) with affinities in the low µM range. We have thus 
identified key residues involved in the AA binding. However, we do not have evidence that the AA binding is 



required for GLRs function. In fact, as an example, GLR3.3 when expressed in a heterologous system, such as 
mammalian cells, it is able to mediate ion influxes in the absence of any exogenously added AA in the medium 
(Wudick et al. 2018a).  

In summary, the fact that limited information on functional properties of GLRs are available, and that we 
mostly rely on structure/function data obtained for animal iGluRs to interpret experimental results obtained for 
plant GLRs makes this research area of great interest (Wudick et al., 2018b). 

The PhD student project will be aimed at defining the in planta functional properties played by the ligand-
binding domain of GLR3.3 and GLR3.7 isoforms.  

The work will start from our identification of the GLR3.3 AA residues involved in the binding of the ligand. 
The student will introduce a series of point mutations in the ligand-binding domain of both GLR3.3 and GLR3.7 
to abolish ligand binding. For GLR3.7, we do not have a crystal structure yet but we rely on homology modelling. 
The mutated constructs will be tested in heterologous systems such as yeast cells, for complementation tests, 
as well as introduced in the glr3.3 and glr3.7 knock out mutants. With the different transgenic lines, the student 
will carry out a series of imaging experiments aimed at studying the Ca2+ dynamics in response to different 
external stimuli or during developmental processes (e.g. pollen tube and root hair growth). 

As a second main aim of the project the student will investigate the putative formation of a GLR3.3/GLR3.7 
heteromeric channel. To this end the student will follow different approaches. The GLR3.3 and GLR3.7 will be 
independently expressed in yeast cells or in a chimera configuration obtained by a one-to-one fusion of the two 
isoforms (GLR3.3-GLR3.7). The comparison of the yeast growth transformed with the different constructs will 
provide valuable information about the functionality of the formed channels. As a second approach, the GLR3.3-
GFP and GLR3.7-mCherry fusion proteins, under the control of their own or constitutive promoters, will be co-
expressed in stable transgenic plants (glr3.3/glr3.7 background). Thus, the GLR3.3/GLR3.7 interaction will be 
studied by FLIM-FRET analyses in planta. 
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Project leader: Diletta Dolfini (diletta.dolfini@unimi.it) 

Location: Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Study of NF-Y expression across TCGA cancer datasets 

 

NF-Y is a sequence specific transcription factor composed by two histone-like subunits -NF-YB/NF-YC- and NF-
YA, which confers sequence-specificity to the CCAAT box (1). The CCAAT box is one of the DNA elements enriched 
in promoters, usually at -80 bps from TSS, and enhancers. The role of NF-Y in tumor is not clear. We know that 
it regulates the expression of different metabolic pathways deregulated in cancer (2). In addition, the CCAAT 
box is one of the DNA elements enriched in promoters of gene deregulated in tumor cells. 



Our aim is to analyze the huge amount of RNA-Seq datasets gathered in TCGA repository, in order to define if 
NF-Y is significantly overexpressed in tumors.  
Moreover, NF-YA is present in two isoforms origin from an exon skipping event. The overexpression of the two 
NF-YA isoforms differentially affects myoblasts fate: NF-YA short enhance cell proliferation, while NF-YA long 
boosts differentiation. (3) 
We want to quantify the levels of the two isoforms of NF-YA across the different tumors respect to the normal 
tissue. The goal is to understand the specific role of the two isoforms in the different types of tumors (epithelial 
tumors) and to check if there is a sort of isoforms switching during the transformation process of cells.  
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RESEARCH PROJECT SUMMARY 

Molecular, metabolic and structural bases of seed formation 
 

 
Seed formation is a critical stage in the life of a plant and constitutes a remarkable checkpoint for plant survival. 
Seeds have evolved a sophisticated time-keeping mechanism that involves a complex coordination between the 
different seed compartments (embryo, endosperm and seed coat). Both the embryo and the endosperm 
undergo a very precise developmental program from a single cell into a multi-cellular and highly differentiated 
organism co-ordinating their dynamics of growth. During the development of seeds, maternal tissues play a 
critical role regulating sugar import and sink strength of seeds. Relaying on integrative analyses from the unique 
combination of molecular, biochemical and physical approaches, we propose an innovative investigation to 
understand the basis of seed development on three relevant aspects; 1) We are interested in deciphering the 
molecular mechanisms that govern seed development. The student will identify and characterize the functions 
of key molecular players (transcription factors and epigenetic regulators) that control seed formation. 2) 
Structural and biomechanical changes underlying embryo and endosperm growth together with the seed coat 
maturation are poorly understood. The student will perform an investigation on the changes on cell wall 
composition and physical properties of each different seed compartments in different plant species in order to 
address how the seed compartments grow in an orchestrated way. 3) The student will perform metabolic flux 
analysis to biochemically characterize seed carbohydrate import in several mutants. This will help to better 
understand the plasticity of the central metabolic network during seed development. 

During the PhD project the candidate will acquire fundamental skills in plant developmental biology, plant 
genetics, epigenetics and biochemistry, microscopy and imaging analyses.  
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Project leader: FABIO FORNARA (fabio.fornara@unimi.it)  
 

Location: Department of Biosciences and Orto Botanico Città Studi 

 

RESEARCH PROJECT SUMMARY 

Genetic and molecular control of flowering in rice 

 

Rice is a tropical plant whose flowering (also called “heading”) starts when plants are exposed to shortening 

days. These conditions promote expression of specific proteins, encoded by Heading Date 3a (Hd3a) and Rice 

Flowering Locus T1 (RFT1), in the vasculature of leaves. The Hd3a and RFT1 protein product are subsequently 

translocated to the shoot apical meristem (SAM), where they induce the switch from vegetative to reproductive 

growth, starting panicle development. We recently performed a global transcriptional survey of the rice SAM, 

to identify regulatory genes differentially expressed during the very first stages of reproductive development. 

We have isolated about 500 genes, whose expression is altered in response to inductive photoperiods, and are 

placing some of them into gene regulatory networks. A specific mutation in one such candidate has been 

identified, that causes increased panicle branching and seed number, raising the possibility of exploitation of 

the gene as biotechnological tool to increase yield.  

The PhD student will join this project to determine the molecular function of this candidate using a variety of 

technologies that include transgenesis and gene editing mediated by the CRISPR/Cas9 system, gene expression 

analysis and imaging of fluorescently-labelled proteins. The results will further our understanding of the 

molecular processes that guide the reproductive phase in rice. 

 

 
 

 



 

Project leader:  LUISA GUERRINI (luisa.guerrini@unimi.it) 

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

 
Analysis of the molecular mechanisms at the basis of thalidomide-induced limb defects  

in zebra fish embryos 
 
Severe developmental malformations were detected in human feti in the 1950s, when women used the anti 
nausea and sedative drug thalidomide in the first trimester of pregnancy (1, 2). 
The striking similarities between the phenotypic abnormalities of babies born from mothers exposed to 
thalidomide during pregnancy and patients affected by syndromes associated to mutations in the p63 gene 
(3), prompted us to verify whether p63 could be a molecular target for the thalidomide drug. Our results 
indicate that the DNp63a and DNp63b proteins, but not DNp63g and p53, are degraded through the 
proteasome upon thalidomide exposure in several human cell lines expressing either the endogenous or the 
transfected p63 proteins. By serial deletions analysis, we identified serine 383 in p63 as necessary for 
thalidomide mediated degradation of p63, since mutation of S383 to alanine abolished thalidomide action on 
p63. The Gsk3 kinase is responsible for S383 phosphorylation since the use of a specific Gsk3 inhibitor also 
abolished thalidomide action on p63 (4, 5).  
Thalidomide has been recently shown to have teratogenic effects also in the zebrafish (6); we have evidences 
that thalidomide modulated p63 protein levels also in vivo in developing zebra fish embryos, with concomitant 
teratogenic fin defects. 

The aim of the project will be to dissect the molecular pathways altered by thalidomide treatment at 
the basis of the observed fin defects using zebra fish as animal model.  
A better understanding of this mechanism might in future pave the way to the design of thalidomide related 
compounds with equal therapeutic properties but devoid of teratogenic activity. 

 
 
 

Project leader: MARTIN KATER (martin.kater@unimi.it)  
 

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Functional Analysis of Genes Controlling Inflorescence Architecture 

Plants play a crucial role in our society, they are the producers of oxygen, food, feed, medicin, biomass 
and they decorate our houses and cities. Sustainable production increase is one of the most challenging issues 
for agriculture since resources like land, water and energy become more and more limited. In this project we 
focus on inflorescence development in Arabidopsis and rice with the aim to produce more and higher quality 
seeds. Arabidopsis is used as a model plant and rice is important as a crop but it functions also as a model for 
cereal research.  

The rice inflorescence or panicle has a main axis on which primary branches develop. From the primary 
branches the secondary branches arise, from which the spikelets are born. The number of branches varies 
between rice varieties and by that the number of seeds that develop on a panicle. Panicle branching is 
therefore an important character for rice crop improvement.  

Very little is known about the genetic control of panicle branching. Recently, Yoshida et al. (2013) 
identified a regulator of rice panicle branching called TAWAWA1, however the molecular mechanism is still far 
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from understood. We have in the frame of the French-Italian EVOREPRICE project isolated by laser micro-
dissection microscopy isolated the apical, primary and secondary branch meristems of rice inflorescences. This 
material has been used for RNA extraction and next generation sequencing analysis. The transcriptomes have 
been analyzed and key genes putatively involved in regulating branching have been identified (Harrop et al., 
2016). Similar experiments have been done in Arabidopsis (Mantegazza et al., 2014) and comparisons will be 
made with the rice datasets within the frame of this project. Candidate genes will be subjected to functional 
analysis using molecular and genetic tools. For making mutants we will use CRISPR-Cas9 genome editing 
technology. 
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Location: Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Role of c-di-GMP and other nucleotide-derived signal molecules in Crohn’s disease-associated host-
bacteria interaction  

 
Crohn’s disease (CD) is a chronic and relapsing autoimmune gastrointestinal disorder with a yet unknown 
etiology. In genetically predisposed subjects, CD seems to develop as a consequence of an exaggerated adaptive 
immune response against components of the gut microbiota. Such response includes the production of very 
high levels of IFN-γ/IL-17 coproducing T-cells (so called Th1/17 cells) at the intestinal mucosal lesions of CD 
patients. This observation would point to a possible pathogenic role for Th1/17 cells. Recent yet unpublished 
results show that, among different subsets of Th1/17 cells, only one of them (Th1/17* cells) is strongly and 
selectively enriched in the lamina propria of CD patients. These cells produced pro-inflammatory cytokines 
exclusively in response to adherent-invasive Escherichia coli (AIEC), an E. coli pathotype strongly correlated with 
CD but, interestingly, not in response to other pathogenic enterobacteria such as Salmonella and Shigella, 
suggesting that only AIEC-specific antigens can trigger Th1/17* cell activation. The first goal of this project will 
be to assess the role of cyclic-di-GMP, a bacterial signal molecule which plays a pivotal role in the expression of 
cell surface-exposed structures, in the interaction between AIEC and Th1/17* cells. To this aim, we will create 
AIEC mutant strains affected in c-di-GMP production either by overexpressing diguanylate cyclases, thus 
increasing intracellular c-di-GMP concentrations, or c-di-GMP phosphodiesterases, which degrade this signal 
molecule. Mutant strains will then be tested for their proficiency to activate Th1/17* cells. In addition, to study 
the molecular patterns by which AIEC pathogenic-antigens lead to the activation of Th1/17* cells, we will 
generate a library of AIEC mutant strains and search for mutants with a reduced or absent capacity to promote 
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differentiation and activation of Th1/17* cells. Finally, we will investigate the cytokine production and regulatory 
patterns induced by either wild type or mutant AIEC. By combining bacterial genetics, functional genomics, and 
immunology, this project will allow us to understand the molecular mechanisms of pro-inflammatory Th1/17* 
cell activation, a crucial step in the aberrant immune response observed in CD patients.  

 
 
 

Project leader: FEDERICO LAZZARO (federico.lazzaro@unimi.it)  

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Vid22 as a new player to maintain genome stability 
 

 
 Genome instability is a pathological condition characterized by the accumulation of various genetic 

alterations and is a hallmark of cancer cells. We performed a new Synthetic Genetic Array (SGA)-based genetic 
screen in yeast to uncover new genes and cellular pathways involved in controlling the levels of endogenous 
DNA damage and affecting genome integrity. Among the positive clones, we identified VID22, a gene recently 
shown to be involved in DNA double strand break repair. We found that vid22Δ cells exhibit spontaneous 
genome instability and accumulate DNA aberrations in sequences displaying high probabilities of forming G-
quadruplex (G4-DNA). If not resolved, these non-canonical DNA secondary structures can block progression of 
both DNA and RNA polymerases and have been shown to correlate with chromosomal fragile sites. Using genetic 
and biochemical approaches we will investigate how Vid22 protects DNA at G4-regions and its role in DNA 
replication and DNA transcription. We will explore the effects of Vid22-interacting partner (Tbf1 and Env11)  in 
the G4-dependent genome instability. 
 

 

 

Project leader: ROBERTO MANTOVANI (mantor@unimi.it) 

Location: Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Role of NF-YA in development of epithelial cancers 

 

NF-Y is a trimeric transcription factor formed by two histone-like subunits -NF-YB/NF-YC- and NF-YA, which 
confers sequence-specificity to the CCAAT promoter element and is considered the regulatory subunit of the 
complex. NF-Y is a “pioneer” TF in the activation of genes. A converging set of data suggests that NF-Y is involved 
in tumor development. Large-scale measurement of NF-Y subunits mRNAs levels in tumors has never been 
performed. We have a good preliminary knowledge of the NF-Y regulome, that is, the genes under NF-Y control, 
based on (i) presence of CCAAT at a specific gene promoter position, (ii) extended ChIP-Seq analysis, including 
in ENCODE datasets, (iii) mRNA profilings after subunits RNAi experiments in different types of cells. 

We analyzed RNA-Seq datasets in the large TCGA datasets and found that NF-YA is significantly overexpressed 
in tumors, particularly of epithelial origin. NF-YA is present in two isoforms: we quantified the levels of the two 
isoforms of NF-YA, and we observed a switch of from the “long” to the “short” isoform. The goal is to 



understand the specific role of the two isoforms in the different types of tumors (breast, lung, livers, prostate, 
colon) in which NF-YA is overexpressed.  

Cancer cells are often dependent on glutamine for their growth and glutamine metabolism genes are enriched 
in NF-Y sites. We derived of different types of cells overexpressing -OE- the two splicing isoforms of NF-YAs and 
NF-YAl. NF-YA OE cells show normal growth and colony formation rates, but they are resistant to cell death 
upon glutamine deprivation and show different mobilites. The goal is to investigate the causes of these 
phenotypes. OE cells show high expression of the key glutamine biosynthetic genes. NF-YA OE prevents 
activation of the pro-apoptotic transcription factor DDIT3/CHOP and, in general, of proapototic genes. Using 
these cellular tools, we are set to identify all NF-Y-activated pathways that confer aggressiveness to cancer 
cells. 
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Project leader: FEDERICA MARINI (federica.marini@unimi.it) 

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Insights into the role of DNA break processing factors in maintaining genome stability to target cancer cells 

Double strand DNA breaks (DSBs) are frequently accumulated in several genetic disorders, cancer and 
senescent cells, leading to various types of chromosome rearrangements and instability. DSBs are processed 
by several nucleases and associated factors to form the 3’-end single strand DNA filament required for their 
repair by homologous recombination (HR). This process, called DSB resection, represents the crossroad of 
many crucial pathways of the DNA damage response and dictates the DSB repair pathway choice between HR 
and end-joining mechanisms. Although resection is crucial, how it is regulated, by what means the different 
factors crosstalk, and the consequences in terms of genomic instability of its de-regulation in humans are still 
largely unknown. 

Basing on our preliminary results, we will test the hypothesis that SLX4/FANCP and other factors regulate DSB 
resection and repair at different steps, protecting from genome instability and cancer development. This 
curiosity-driven hypothesis will be strictly related to a more translational one: identification and selective 
inhibition of key players of DNA resection, such as MRE11 and SLX4, could represent a novel therapeutic tool 
against cancer. 

Specific aims of the proposal are:  

i) to elucidate how SLX4 protein regulation impacts on DSB processing and repair;  

ii) to study the functional interplay between SLX4 and other players in DSB processing, repair and genome 
instability;  

iii) to exploit the CAS9-based technology to create DSBs in defined sites in the genome; 
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iv) to test the effectiveness of novel chemical compounds to inhibit MRE11 nuclease activities and SLX4 
dimerization domain at DSBs in vivo; 

v) to analyse the DSB response in FANCP patient cells; 

vi) to identify and study the role of novel factors in DNA repair and genome stability in model systems. 

Mutagenesis of SLX4 in critical regulatory sites will be done by standard approaches to study DSB processing 
and repair in human cells. Ad hoc cell lines will be used to investigate the interplay between SLX4 and other 
factors in different pathways of DSB repair. qPCR, droplet digital PCR and immunofluorescence will be used to 
analyse protein recruitment and DNA resection at drugs, and CAS9-induced DSBs. These and other techniques 
will allow us to characterize DSB resection in FANCP patient cells.  

Our results will provide insights on SLX4 involvement in the early steps of DSB repair and its interplay with 
other factors involved in the process. We expect that altered resection may be one of the causes of genetic 
instability in FANCP patient cells. Moreover, we aim to identify novel factors involved in DSB processing and 
set up new tools to study DSB repair. 

 

 

Project leader: MICHELE MAZZANTI (michele.mazzanti@unimi.it)  
Location: Department of Bioscience 

RESEARCH PROJECT SUMMARY 
 

Reciprocal interactions between glioblastoma stem cells and cancer-associated microglia during brain tumor 
development 

Glioblastoma (GBM) is the most diffuse brain tumor with an extremely poor prognosis. It is largely accepted that 
the responsible for tumor origin, progression and recurrence are the cancer stem cell (CSC) sub-population. After 
surgery, traditional therapies are efficient on bulk cells leaving unaltered cancer stem cells responsible for tumor 
relapse. Recently several reports have shown the efficacy of different pharmacological compounds on GBM cell 
culture enriched in stem cells. Successful experiments have been shown also in cancer stem cells implanted in 
nude mice. However, even if several pharmacological treatments against tumor cell expansion are successful in 
vitro and in immunodepressed mouse models, they produce only marginal beneficial effects in translational 
clinical trials. It has been suggested that, since the complexity of the brain tumor environment and physio-
chemical isolation of the central nervous system (CNS), other factors like angiogenesis and immune reaction are 
responsible for tumor support and development. An important feature, missing both in in-vitro experiments and 
in in-vivo investigation, is the brain immune response during tumorigenesis. Microglia, the CNS intrinsic immune 
system, is probably the most active elements in this scenario. Classically activated microglia, M1 phenotype, 
stimulate anti-tumor immune response through secretion of pro-inflammatory elements. Alternatively, the M2 
phenotypes promote tumor survival via producing anti-inflammatory components. Understanding the role play 
by microglia activation during tumorigenesis could be one of the key to contrast GBM in patients. 

Recent investigations describe the chloride intracellular channel (CLIC1) protein as a common functional 
constituent in the plasma membrane of GBM stem cells and in activate microglia. CLIC1 has been characterized 
as a metamorphic protein, co-existing as both a soluble cytoplasmic form and a membrane-associated element. 
The transition between its hydrophilic and hydrophobic localizations is promoted by changes in both 
intracellular pH and cytoplasmic oxidative state. Once in the membrane, the protein is associated with increased 
membrane permeability, mainly to chloride ions. Previous experiments on isolate GMB enriched stem and 
microglia cells cultures using ionic channel blockers, siRNA and protein point mutations, demonstrated a clear 
link between CLIC1 presence in the lipid bilayer and the increase of transmembrane chloride current. 



Furthermore, CLIC1 protein downregulation or direct blockade of CLIC1 membrane current impair both GMB 
stem cells and activated microglia proliferation.  

Our hypothesis assigns a double role to microglia cells in the presence of tumor development. In GMB, at early 
stage, the immune reaction (M1 phenotype) points to contrast the tumor growth by releasing noxious 
substances. Once the tumor mass expansion and infiltration is irreversible, microglia (M2 phenotype) become 
proactive.    

Recent investigation demonstrated that CLIC1 membrane protein is one of the targets of the biguanidine 
metformin. Our goal is to enhance metformin bind to CLIC1 membrane protein. Since metformin hampers CLIC1 
ion channel in the open channel configuration and the open probability of the channel is voltage dependent, 
membrane depolarization should increase the efficiency of metformin. Field potential and optogenetic 
stimulation, in the presence of metformin, will be used to repetitively depolarize the cells, increasing metformin 
effect. Preliminary experiments in vitro and in vivo demonstrate a good potentiality of these procedures. 
 

 

Project leader: MARTA A. MIRANDA MENDES (marta.miranda@unimi.it)  

Location: [Department of Biosciences] 

RESEARCH PROJECT SUMMARY 

Molecular control of sporogenesis in plants 

Seeds are essential not only for flowering plant reproduction, but also as a food source for both human and 
animal consumption. In the current genomic era, it is possible to know the regulatory networks required to seed 
formation. In the future, this information should permit novel approaches to breed and engineer crops and 
seeds with new agronomic traits and, most importantly, contribute to provide a sustainable food supply for a 
growing human population. Seeds not only derive from sexual reproduction, but can be produced through a 
process that doesn’t involve fertilization, named apomixis. In this case, the  embryos are exact clones of the 
mother plant; therefore, apomictic plants could potentially provide a constant source of renewable seeds 
capable of maintaining high-yielding and high-resistant crops characteristics, being an agricultural trait of 
unlimited value. 

In plants, the correct formation of female gametophyte, or embryo sac, is necessary to ensure the 
reproduction success. The transition to the female gametophytic phase (haploid) relies on the specification of 
premeiotic sporophytic cells (diploid)  in the arising ovule. In Arabidopsis thaliana (L.) a single cell, called 
megaspore mother cell (MMC), is specified as the female gametophyte precursor. The differentiation of the 
MMC is regulated epigenetically through RNA-directed DNA methylation (RdDM) which comprises the 
movement of small RNA (sRNAs) that guide methylation of a homologous DNA loci(1). Another fundamental 
element for MMC differentiation is the transcription factor SPOROCYTELESS/NOZZLE (SPL/NZZ) whose mutant 
(spl) cannot differentiate properly the MMC and its molecular role and function is not exactly clear yet(2). Taking 
these findings, we pretend to deeply study the female germline formation that integrates the dominant role of 
SPL, key transcription factor and the methylation pathways necessary for the correct determination of the MMC 
identity. 

 
References 
 

(1) Olmedo-Monfil V, Durán-Figueroa N, Arteaga-Vandázquez M, et al. Control of female gamete formation by 
a small RNA pathway in Arabidopsis. Nature. 2010;464(7288):628-632. doi:10.1038/nature08828. 
 
(2) Yang W-C, Ye D, Xu J, Sundaresan V. The SPOROCYTELESS gene of Arabidopsis is required for initiation of 
sporogenesis and encodes a novel nuclear protein. Genes & Development. 1999;13(16):2108-2117. 



Project leader: MESSINA GRAZIELLA 

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Development of genetic and pharmacological approaches to cure Muscular Dystrophies 
 
Muscular Dystrophies (MDs) are severe genetic disorders mainly due to mutations in structural proteins, 

causing contraction-induced damages. Previous attempts to treat these diseases raised from the idea that 
accelerating muscle growth and regeneration would exert beneficial effects. We recently demonstrated that 
slowing down the degeneration-regeneration cycles and switching muscle fibers towards a slow-twitching 
phenotype by silencing the transcription factor Nfix leads to a morphological and functional amelioration of the 
dystrophic phenotype. The idea to target Nfix in dystrophic muscle was ideed developed, demonstrating that 
silencing Nfix in both Sgca null and mdx-4cv dystrophic mice morphologically and functionally protects from the 
degenerative process by promoting a more oxidative musculature and by slowing down muscle regeneration.We 
therefore provided a new proof of principle for an innovative therapeutic approach based on the idea that 
slowing down the degeneration-regeneration cycles, instead of increasing regeneration, delays the progression 
of the pathology. These data are supportive of a new role for Nfix in the progression of MD and suggest Nfix as 
a novel target to treat this severe disease. Interestingly, we recently identified the upstream signaling 
responsible for the expression of Nfix. 

On the basis of the identification of the molecular pathways regulating Nfix expression, we are now 
developing a pharmacological approach to inhibit Nfix in MDs. 
The main goal of this three-years PhD project is to evaluate the efficacy of two FDA-approved drugs in inhibiting 

Nfix expression and in rescuing the pathological signs in two dystrophic animal models, the Sgca-null and mdx-

4cv. Successful outcome of this project will provide a novel and affordable therapy for MDs.  

 
 

Project leader: ANNA MORONI (anna.moroni@unimi.it) 

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

 
Engineering of synthetic protein tools for optogenetics 

 

Optogenetics uses visible light to regulate the activity of ion channels and pumps. Light-gated proteins can be 

expressed by standard genetic tools in a cell specific manner in any animal tissues, opening the possibility to 

control cellular functions by light with unprecedented high temporal and spatial precision. In the last few years 

the progress in this field went as far as controlling neuronal activity in vivo and even the behavior of animal 

models with light.   

 Our goal is to engineer ion channel proteins for genuine remote manipulation of cells. These channels 

will respond to signals which are not harmful to human health but still penetrate deep into tissue and even through 

the skeleton. In this project we intend to exploit the possibility of engineering a channel that responds to near 

infrared radiation and/or to magnetic stimuli. This goal will be achieved by fusing protein domains (phytochromes 

and/or ferritins) to the pore of the viral K channel Kcv. The mechanical movement induced in the 

bacteriophytochrome dimer in response to light absorption or by ferritin in response to magnetic field will be 

considered as a potential mechanism to gate the pore of an ion channel.  
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The natural receptors of NIR in the spectral window of 680-880 nm (NIRW) are bacteriophytochromes. Their 

chromophore, biliverdin IXa, is naturally made in animal tissue as the first intermediate in the heme degradation 

pathway, which obviates the need to supply the chromophore for application in animals. Bacteriophytochromes 

possess a common photoreceptor module, PAS-GAF-PHY, usually linked to a histidine kinase output. This 

modality perfectly fits the architecture of the Kcv pore that assembles correctly as dimer of dimers. The NIR 

channel will be engineered by fusing a bacterial phytochrome moiety to the N terminus of the Kcv dimer. The 

use of ferritin in channel gating has been shown already in the case of temperature-sensitive channels (TRPV1). 

We will investigate the possibility that such a construct can be used to control mechanically the pore of the 

channel in response to alternating magnetic fields. 
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RESEARCH PROJECT SUMMARY 

 

The response to DNA damage in nonproliferating cells: mechanisms and pathologies 
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Location: Department of Biosciences and San Raffaele hospital 
 

RESEARCH PROJECT SUMMARY 
 

Biophysical and structural (NMR and crystallography) characterization of the transcription factor Nf1x 

involved in muscular dystrophy 

Muscular dystrophies (MDs) are still incurable diseases, characterized by muscle wasting, replacement of 
fibrotic tissue, increasing weakness, which in severe cases leads to premature death. Contrary to what was 
thought in the past, it has been recently demonstrated that (1) forcing regeneration in a structurally impaired 
MD muscle causes an exacerbation of the phenotype and (2) making instead a dystrophic muscle slower in 
regeneration and in metabolic contraction, by silencing the transcription factor Nf1x, preserves muscle, both 
morphologically and functionally [1]. These results represented a research breakthrough and a new hope for 
MD treatment, provided that the DNA binding mechanism is analyzed at the structural level.  

Sequence analysis revealed the presence of a DNA-binding domain (DBD), of about 100 residues, similar to 
“Smad (MH1)” localised the N-terminal region of Nf1x (residues 67-165). The DBD is preceded by a folded N-
terminal basic region, that can bind DNA non-specifically, and followed by a C-terminal regulatory domain 
predicted to be intrinsically disordered. Our preliminary data shows that a Nf1x construct which includes the 
DBD and the basic N-terminal region can be expressed and purified and can bind in EMSA a Cy5-labeled 
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palindromic consensus sequence Cy5-gggtctctTTGGCaggcaGCCAAccagcaaa. Our aim within this project is to 
adapt and improve this protocol, to be able to produce in soluble form several Nf1x constructs so to dissect the 
different regions important for DNA binding and to increase the probability to solve the 3D structure of Nf1x 
alone, in complex with its target DNA and, possibly, with inhibitors. Considering the small dimension of the Nf1x 
DBD, its structure determination can be pursued both by NMR and by X-ray crystallography  

The present PhD project will be carried out in the Nardini’s (structural biology) lab as a part of ongoing 
research projects that in the recent past led to the successful determination and characterization of 3D 
structures of TF/DNA complexes [2-4]. The NMR data collection and analysis will be carried out in the lab of 
Biomolecular NMR, leaded by Dr Giovanna Musco, at the San Raffaele hospital (Milano). 

Both labs are fully equipped to carry out the proposed PhD project, including state of the art protein 
molecular biology and biophysics. Regular access to the European synchrotron sources (European Synchrotron 
Radiation Facility ESRF-Grenoble) for X-ray diffraction experiments on protein crystals is granted through long 
term beam time allocation programs. Furthermore, the PI has a standing and fruitful collaboration with the 
Messina lab at the Dept. of Biosciences, a World leading groups in Nf1x studies.  
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Project leader: ACHILLE PELLICIOLI (achille.pellicioli@unimi.it)  

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

 

Exploiting the CRISPR-Cas9 technology to study the double strand DNA break repair and genome stability.  

The ability of cells to detect and properly repair double stranded DNA breaks (DSBs) is essential for maintaining 
genome stability and preventing cancer development. Indeed, DSBs are the most cytotoxic forms of DNA 
damage, because inaccurate DSB repair leads to mutations and/or gross chromosomal rearrangements. A critical 
step in regulating DSB repair is the processing of its DNA ends. Several factors are involved in this mechanism, 
which are conserved in all eukaryotes. Mutations in most of these factors lead to genome instability, cancer and 
severe human inherited diseases. Initially, the project will start in model organism S. cerevisiae and it will be 
focused on the characterization of critical factors and mechanisms involved in the processing and repair of Cas9-
induced DSB. Indeed, it is an open debate in the literature whether the Cas9-induced DSBs are processed 
through the classical DSB repair pathways and factors or they are processed by different specialized 
mechanisms. Importantly, to edit a desired locus in the genome with a donor template (e.g. gene sequence 
substitution or single-codon modifications), resection at Cas9-induced DSB is compulsory. Therefore, all the 
regulations and cellular aspects (such as cell cycle phase and chromatin context at the target gene), that 
influence this crucial step of DSB repair, have to be taken into account to foresee the success of the gene editing 
protocol. In particular, an open question is how Cas9-DSBs are resected, also considering the relative prolonged 
binding of the Cas9 protein on the substrate once DNA is cleaved in vitro. Recently, we developed a PCR-based 
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method to precisely quantify Cas9-induced DSB in yeast and human genome, which will be of great utility in this 
project.  

In a second part, the project will be extended to human cell lines with the aim to verify the possible conservation 
of the factors and mechanisms previously obtained in yeast. The Cas9-based technology will be used to create 
DSBs in defined sites in the genome of different human patient derived cell lines, carrying mutation in critical 
DSB repair genes. The processing and repair of Cas9-induced DSB will be analysed with standard and innovative 
PCR-based techniques. The obtained results will be important to define how cells deal with DNA damage and to 
understand the molecular basis of cancer development. Moreover, the project may clarify certain aspects of the 
Cas9-based technology and may suggest strategies to improve it.  

Impact on cancer  

A better understanding of DSB processing and repair in human cells may be informative to design powerful 
strategies to sensitize cancer cells to chemotherapy.  The identification of novel targets that can be modulated 
by clinically-relevant chemical compounds interfering with DSB resection will be relevant to decrease: i) the dose 
of DSB inducing agents; ii) the cytotoxicity towards healthy cells; iii) the risk of secondary tumors induced by the 
therapy and cancer relapse. 

 
 

Project leader: KATIA PETRONI (katia.petroni@unimi.it)  

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Mechanism of anthocyanin cardioprotection against doxorubicin-mediated autophagy dysregulation 

Dietary flavonoids have received considerable attention since epidemiological studies have suggested 
that regular consumption of flavonoid-rich foods or beverages is associated with a decreased risk of 
cardiovascular mortality [1–3], attributed primarily to their antioxidant properties and by modulating cell 
signaling and metabolic pathways. Among the different classes of flavonoids, anthocyanins are the most 
recognized, visible members, that contribute to the cardioprotection. In these last years, recent studies have 
suggested that dietary flavonoids, and more specifically regular anthocyanin consumption, induce a state of 
myocardial resistance evidenced by a reduced infarct size following regional ischemia and reperfusion [4] that 
is related, at least in part, to an improvement in the antioxidant defenses of the heart (i.e. cardiac glutathione). 
Moreover, there are increasing evidences that seem to confirm that many biological effects of anthocyanins are 
related not only to their antioxidant properties but also to their ability to modulate mammalian cell signaling 
pathways. For instance, recent studies in rats have shown that an anthocyanin-rich diet modulate the 
metabolism of (n-3) PUFA and to induce a marked increase in plasma EPA and DHA, fatty acids known to be 
protective against heart disease complication [5,6]. Our recent studies on mice treated with the 
chemotherapeutic agent Doxorubicin (Doxo) have indicated that mice fed anthocyanin-rich diet from purple 
corn have a better cumulative survival compared to yellow diet upon treatment. Furthermore, TEM analysis 
showed that hearts from mice fed with the yellow diet showed fragmented mitochondria, whereas mice fed the 
anthocyanin-rich diet from purple corn have no ultrastructural alterations, indicating that dietary anthocyanins 
from purple corn have a strong cardioprotective effect against Doxo [7]. 

Aim of this project is to highlight the molecular mechanism of anthocyanin-mediated cardio-protection 
against Doxo toxicity, focusing on autophagy dysregulation. Doxo affects both the pre-autophagosomal 
initiation/maturation and the lysosomal fusion in the autophagic pathway. For this reason, the project will be 
divided in two tasks: (i) investigate the ability of anthocyanins to restore the autophagosome formation, with a 
focus on the AMPK-mTOR-ULK1 pathway; (ii) to explore the Doxo-mediated impairment of lysosome function 
and the autophagosome-lysosome fusion process. In particular it will be checked the anthocyanin effect on 
Doxo-mediated p62 accumulation and Nrf2 activation. This project will therefore shed new light on Doxo-
mediated cardiotoxicity, while proposing a counteracting therapy. 
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Location: Department of Agricultural and Environmental Sciences - Production, Landscape, Agroenergy 

RESEARCH PROJECT SUMMARY 

Organelle-Nucleus Communication Elements: Discovering the molecular details of the retrograde signaling 

pathway 

More than 3 billion years ago biology developed the capacity to efficiently capture solar energy and use it to 

power the synthesis of organic molecules. This photosynthetic process set into motion an unprecedented explosion 

in biological activity allowing life to prosper and diversify on an enormous scale. At the heart of the reaction is 

the chloroplast where light energy and CO2 are converted into the organic molecules of biomass. Chloroplast 

originates from an endosymbiontic cyanobacterium, that has retained a minimal genetic machinery, and genes for 

a small number of polypeptides. In consequence, the majority of chloroplast proteins are encoded in the nucleus, 

translated in the cytosol and imported into the organelle, whereas the few resident genes mainly encode 

components of the gene expression system itself and of the photosynthetic apparatus. Hence, chloroplast 

ribosomes and photosystems are mosaics-multiprotein complexes made up of nucleus encoded and plastid 

encoded subunits. This implies the existence of mechanisms that coordinate gene expression in the different 

compartments, with the aim to optimize the photosynthesis performance and plant production under the different 

physiological and environmental conditions. 

Despite the existence of these regulatory mechanisms is well established, only a limited number of factors 

involved in the signaling pathways are known, nowadays. 

Within the frame of this project, we wish to explore in depth the molecular mechanisms responsible of the 

“Retrograde” signaling pathway, focusing on two major aspects: (i) the chloroplast sensors able to perceive the 

developmental and physiological state of the organelle; (ii) the molecular network responsible to transduce the 

signal(s) from chloroplasts-to-nucleus. 
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Project leader: Prof. Alessandra Polissi (alessandra.polissi@unimi.it)  

Location: Department of Pharmacological and Biomolecular Sciences 

 

RESEARCH PROJECT SUMMARY 

Envelope biogenesis in Gram-negative bacteria as molecular target for the development of next generation 

antibacterial drugs 

Gram-negative bacteria are defined by the presence of an outer membrane (OM), which prevents the 
entry of toxic molecules within the cell, providing resistance to many antibiotics.  

The OM is an asymmetric bilayer consisting of a lipopolysaccharide (LPS) outer leaflet and a 
phospholipid inner leaflet decorated with integral membrane proteins and lipoproteins. The pathways by 
which the components of the OM are transported and assembled at the OM are partly understood but several 
aspects remain to be elucidated.  

LPS is transported from the site of synthesis, at the cytoplasmic side of the inner membrane (IM), to the 
OM, through the periplasmic space between them, by two essential ABC (ATP-binding cassette) transporters 
conserved among Gram-negative bacteria: MsbA and Lpt. MsbA catalyses the flipping of LPS across the IM, 
whereas Lpt allows the transport of LPS across the periplasm to the cell surface.  

This project focuses on the Lpt transporter in the Gram-negative model organism Escherichia coli. The 
Lpt transporter is a trans-envelope complex composed by seven essential proteins in E. coli which connects IM 
and OM. The Lpt proteins are grouped into two subcomplexes: LptBFG constitutes the IM ABC transporter, 
which provides the energy for the extraction of LPS from the IM. LptBFG transporter is physically associated to 
the bitopic IM protein LptC. At the OM, the integral membrane protein LptD, plugged by the lipoprotein LptE, 
is responsible for LPS assembly on the cell surface. Lpt inner and outer membrane components are connected 
in the periplasm by the soluble LptA protein to achieve trans-envelope trafficking of LPS. 

Protein-protein interactions among the Lpt components have been studied by our and other groups and 
have been shown to be crucial to build a functional complex. However, the molecular mechanisms by which 
the ABC transporter LptBFG couples the energy of the ATP hydrolysis to LPS transport are not completely 
elucidated, as well as the role of LptC in Lpt transenvelope complex assembly/function. 

This project aims at defining the role of LptC by analysing mutants, both arisen by selection as well as 
generated ad hoc, defective in the function of this protein and at gaining mechanistic insights into LptBFG(C)-
catalysed LPS transport. Moreover, in collaboration with national and international Structural Biology groups 
(Prof. Marco Nardini and the Cryo EM facility of the University of Milano; Prof. Jean Pierre Simorre Institut 
Biologie Structurale, Grenoble, France) we aim at gaining structural information on wild type and mutated 
LptBFG(C) complexes. 

Moreover, the information obtained by this work will be exploited to set up an in vitro system to screen 
libraries of chemical compounds against the assembly/function of the Lpt transporter. 
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Project leader: STEFANO RICAGNO (stefano.ricagno@unimi.it)  
Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 
Light chain amyloidosis: towards the understanding of the molecular bases  

of cardiotoxic amyloid aggregation 
 
Systemic immunoglobulin light chain (AL) amyloidosis is a severe protein conformational disease caused 

by misfolding and deposition of patients-specific monoclonal light chains (LCs). Current therapies are of limited 
help in the presence of advanced organ involvement and do not interfere with LC toxicity, and a significant 
proportion of patients die within few months after diagnosis, mainly due to cardiac involvement. 

We have started decoding the molecular determinants of LC toxicity by biophysically and structurally 
characterizing 8 patients-derived amyloidogenic and 5 control LCs (Oberti et al 2017). We could observe that 
thermodynamic stability and protein dynamics seem to play relevant roles while changes in structure and 
hydrophobicity were not relevant.  

This project aims to further clarify the relationship between toxicity and protein biophysics using 
multidisciplinary approaches, which have been already devised in the lab (Le Marchand et al 2018). The detailed 
study of protein structure and flexibility will be performed by X-ray crystallography, spectroscopic techniques 
and small angle X-ray scattering. Moreover we will inspect the presence of aggregation-competent species 
under native conditions to try to connect the biophysics of LCs with their cell toxicity. To this aim it is noteworthy 
that we have available two complementary models to study the cellular and molecular mechanisms of LC 
cytotoxicity based on human primary cardiac fibroblasts and the nematode C. elegans. All LCs, which will be 
used in this study are patient-derived and display severe cardiotoxicity in patients, thus are directly relevant for 
the disease. 

The knowledge built by this project will be crucial to perform structure-based drug discovery to identify 
drugs capable of counteracting LC amyloidogenicity and toxicity.  
 

Concurrent structural and biophysical traits link with immunoglobulin light chains amyloid propensity. 
Oberti L, Rognoni P, Barbiroli A, Lavatelli F, Russo R, Maritan M, Palladini G, Bolognesi M, Merlini G, Ricagno S. 
Sci Rep. 2017 Dec 1;7(1):16809.  

Conformational dynamics in crystals reveal the molecular bases for D76N beta-2 microglobulin 
aggregation propensity. Le Marchand T, de Rosa M, Salvi N, Sala BM, Andreas LB, Barbet-Massin E, Sormanni P, 
Barbiroli A, Porcari R, Sousa Mota C, de Sanctis D, Bolognesi M, Emsley L, Bellotti V, Blackledge M, Camilloni C, 
Pintacuda G, Ricagno S. Nat Commun. 2018 Apr 25;9(1):1658. 
 

 

 

Project leader: ANDREA SAPONARO (andrea.saponaro@unimi.it)  
Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 
 

Molecular insights into ion channel gating mechanisms 
 
 
The research topic of the present project is the structural and biophysical characterization of the structure-
function relationship in eukaryotic ion channels proteins and in particular the study of the interaction between 
the ion channel pore forming subunits and their regulatory proteins. The project is focused on two orthologues 
proteins: the plant potassium Arabidospis thaliana 1 (KAT1) channel and the animal cation hyperpolarization-
activated cyclic nucleotide-gated (HCN) channels. Although these two channels belong to two different 
biological kingdoms, they share several properties. Indeed, both channels possess a very similar topology. They 



are tetrameric proteins, formed by identical or highly similar subunits. Each subunit comprises: an amino-
terminal cytosolic domain; a transmembrane core, formed by a voltage sensor domain (VSD) and a pore domain 
(PD); and a carboxyl-terminal cytosolic cyclic nucleotide-binding domain (CNBD), which is connected to the pore 
via an 80 amino-acid peptide called the C-linker. Unique among the voltage-gated ion channel superfamily 
respectively in plants and in animals, KAT1 and HCN channels are activated by the hyperpolarization of the 
plasmamembrane (1, 2). Another peculiar feature present in both channels is the fact that their long cytoplasmic 
regulatory tail directly interacts with a regulatory soluble protein: 14-3-3 proteins for KAT1 and TRIP8b for HCN. 
Although 14-3-3 and TRIP8b are different proteins, they share the ability to regulate both channel's trafficking 
and gating (3, 4). Thus, the present project aims at understanding the structural basis through which these 
regulatory proteins, by binding to the C-terminal region of the channels, induce conformational changes in the 
channel pore forming subunits. These conformational changes reflect the functional effects that the regulatory 
proteins exert on their ion channel targets. The ultimate goal of this comparative study between KAT1 and HCN 
channels is to identify a possible conserved mechanism of gating regulation in this specific class of ion channel 
proteins. To exhaustively address this question, the project proposes a combination of structural and functional 
approaches. The project proposes to solve the structure of KAT1 and HCN channels in the absence and in the 
presence of their regulatory proteins by using single particle cryo-electron microscopy (cryo-EM). This structural 
approach will be coupled with a functional one based on rational mutagenesis and on the creation of domain-
swapping chimeras that will be combined with electrophysiological measurements (patch clamp) performed in 
HEK293T cells as a model system for electrophysiology. 
. 
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Project leader: THOMAS VACCARI (thomas.vaccari@unimi.it) 

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Systematic genetic and pharmacologic modulation of Notch signaling 
and tumorigenesis  in Drosophila 

 
Notch is a conserved signaling molecule acting as a context-dependent determinant of cell fate in multiple 

tissues (1). Because of this, Notch alterations are the core of a number of solid, as well as hematologic, 

malignancies (2). Recent work in the fruit fly Drosophila melanogaster, a powerful organism for genetic studies 

in which Notch was first identified, has revealed a central role of the endo-lysosomal compartment in signaling 

activation (1, 3-7). However, strategies to modulate endo-lysosomal Notch signaling have not emerged yet, 

limiting our ability to act on Notch related tumors.  

 We aim to uncover how a set of uncharacterized endo-lysosomal genes, that we have identified in a recent 



screen for novel regulators of Notch, act in vivo. Drosophila homologs of the newly identified regulators will be 

studied with available mutants, RNAi, or by generating mutants by CRISPR/Cas9 gene editing, as follow. First, 

we will determine the effect of removal of each gene activity on endosomal sorting and Notch-dependent tissue 

growth, using established assays. Then, we will characterize the function of the candidate genes per se, and in 

the context of Notch trafficking and signaling. Finally, we will assess their ability to influence Notch-dependent 

tumorigenesis in genetic models in Drosophila. In summary, we will characterize new regulators of endo-

lysosomal Notch signaling and understand their role in normal tissue growth processes and in tumorigenesis. 

Our approach will provide entry points for future therapeutic approaches for Notch-driven malignancies. 
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Project leader: VANONI MARIA A. (maria.vanoni@unimi.it) 

Location: Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Dissecting the mechanism of action and regulation of human MICAL1, the multidomain flavoenzyme 

participating in actin cytoskeleton dynamics 

The actin cytoskeleton is a fundamental cell component. Its continuous rearrangements are under the 

control of small molecules and an ever growing number of proteins establishing sophisticated regulatory 

circuits. Their failure often results in severe disease, so that interfering with actin binding proteins and their 

upstream controlling molecules is a promising therapeutic strategy. 

MICAL (from the Molecule Interacting with CasL) indicates a recently discovered family of (mainly) 
cytoplasmic multidomain proteins conserved from insects to humans, which are unique among actin-binding 
proteins because they catalyze an unprecedented NADPH-dependent F-actin depolymerizing reaction thanks 
to their N-terminal FAD-dependent catalytic domain. Modulating MICAL activity has been suggested to be 
beneficial to control, e.g., axon growth and pathfinding, vesicle trafficking, cell-cell contacts, cell differentiation 
and migration, completion of cell division, nuclear transcription and pathogen invasion and related diseases 
and conditions (see (1,2) and references therein). Interestingly, very recently, mutations in MICAL1 gene have 
been shown to cause autosomal dominant lateral temporal epilepsy (ADLTE), a rare inherited neurologic 

mailto:maria.vanoni@unimi.it


disease (3). 

To contribute to the understanding of MICAL properties - at the molecular level – which is very much 
needed to clarify its biological role(s) and to allow the testing and design of specific modulators of its activity, 
we are studying human MICAL1 by combining kinetic, spectroscopic and structural approaches on natural and 
engineered forms. 

As in other MICALs, the N-terminal catalytic FAD-dependent domain exhibits a NADPH oxidase activity 
producing H2O2, and causes actin filament disassembly following oxidation of key actin residues with a still 
debated mechanism. The C-terminal region of MICAL1 (and MICAL3) is crucial for regulation of its activities. In 
the free enzyme, it inhibits the catalytic activities of the flavoprotein domain and such “autoinhibition” is 
removed upon interaction with activating proteins.  

We plan to extend ongoing work on MICAL1 by focusing on some of the key, still poorly understood, 
aspects of the enzyme (see (1) for critical discussion of available information) in order to understand its actual 
mechanisms of reaction and regulation by small molecules, interacting proteins and modifiers. A long-term 
goal is the identification of molecules that may lead to control its activity to cure or alleviate pathological 
conditions such as, e.g., cancer, neurological disorders, infections in which MICAL has been implicated. 
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Location: Department of Biosciences, Laboratory of Stem Cell Biology and Pharmacology of Neurodegenerative 

diseases 

RESEARCH PROJECT SUMMARY 

Molecular and cellular strategies to counteract defects in Huntington's disease models 
  

Huntington's disease (HD) is a genetically dominant, neurodegenerative disorder caused by an elongated 
polyglutamine (polyQ) segment in the huntingtin (Htt) protein. Our goal is to contribute to the understanding of 
the physiopathology of this disease and to develop pharmacological, molecular and cellular strategies that could 
slow down the course of the illness or prevent its onset. 

 
Mounting evidence indicates that mutant Htt disrupts normal synaptic function (contributing to HD 

behavioral, cognitive, and motor symptoms) and that alteration of the cortico-striatal circuit occurs early in HD 
progression (Zuccato and Cattaneo, Progress in Neurobiology 2007; Milnerwood and Raymond, TINS 2010; 
Zuccato et al., Physiological Review 2010). Our previous findings indicate that reduced transcription of genes 
controlled by REST/NRSF factor, including BDNF (Zuccato et al., The Journal of Neuroscience, 2007; Conforti et 
al., Gene Therapy, 2012) is implicated in HD cortico-striatal dysfunction (Zuccato et al., Physiological Review 
2010). More recently, a new target (ADAM10/NCadherin) has emerged from our evolutionary study of Htt (Lo 
Sardo and Zuccato et al., Nature Neuroscience 2012), which could also represent a good target of investigation 
in HD for it inherent structural and functional role in excitatory synaptic circuitries (Saftig and Saftig and 
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Lichtenthaler Progress in Neurobiology 2015). 
 
Here we will use 2D and 3D in vitro models based on human pluripotent stem cells as well as ex vivo 

(organotypic brain slices) and in vivo models of HD (transgenic and knock-in mice) coupled to genetic, molecular 
and pharmacological tool tools to evaluate the impact of REST/NRSF and ADAM10 dysfunction in HD 
pathogenesis. We are also currently investigating the function of HTT aminoacidic sequences conserved along 
deuterostome evolution by CRISPR/Cas9 knock-in and knock-out strategies in human and mouse embryonic 
stem cells subjected to 2D and/or 3D differentiation protocol towards the neuronal lineage.  


