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It is our great pleasure to present the 8th International Iberian Biophysics Congress that will take place 
in Bilbao, on the 20th-21st of June 2022, in an in-person format. The meeting is being organised as a 
joint effort by the Portuguese and Spanish Biophysical Societies and brings together researchers and 
students based in the Iberian Peninsula and Europe, who are interested in and working on the most 
recent advances in the field of Biophysics.  

As members of the Scientific Committee, we would like to take this opportunity to extend an invitation 
to you to present your most recent work at the congress in Bilbao. It will be an excellent opportunity 
to meet again around the most exciting biophysical work and discuss opportunities to collaborate in a 
genuinely multidisciplinary environment. We have prepared an inspiring event that will provide plenty 
of opportunities for interaction and networking. 

The scientific programme joins a large number of invited speakers that will bring a good sample of the 
best biophysics done today. The programme is organised into 9 symposia, eight of which are thematic, 
including Biophysics and Health, Protein Structure and Dynamics, Nucleic Acids and Supramolecular 
Complexes, Receptors, Channels and Transporters, Cell and Tissue Biophysics, Membrane Structure 
and Function, System Biophysics and Biological Physics. A ninth symposia is focused on the most 
notable results published recently in Biophysics. In addition to the traditional areas of Biophysics, there 
will also be a series of plenary talks by some of the leading lights in Biophysics. Please see the congress 
website for further details. 
We look forward to seeing all of you in Bilbao! 

 

IBAN UBARRETXENA 
Director of Instituto Biofisika (IBF) & President of the Organising Committee 
 
JESÚS PÉREZ-GIL 
President of the Spanish Society of Biophysics (SBE) 
 
ARMINDO SALVADOR 
President of the Portuguese Biophysical Society (SBfP) 
 
On behalf of the Organising Committee.  

Invitation Letter 
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Chair 1: ARMINDO SALVADOR 
Chair 2: ANA M. GIL 

Date: Monday, 20th June 2022 
Time: 09:30 

 

PL.1 The coming of age of sparse surface methylation to        probe protein conformation 
and interactions 

 

Gabriela E. Gómez, María R. Rial Hawila, Evangelina M. Bernar and JOSÉ M. DELFINO. 

Departamento de Química Biológica e IQUIFIB (UBA-CONICET), Facultad de Farmacia y Bioquímica, 

Universidad de Buenos Aires, Junín 956, C1113AAD Buenos Aires, Argentina. 

delfino@qb.ffyb.uba.ar 

 

Keywords: diazirine ● solvent accessible surface area ● protein ● conformation ● interactions 

 

The solvent accessible surface area (SASA) of the polypeptide chain plays a pivotal role in protein 

folding and interactions. However, this fundamental physicochemical parameter eludes direct 

experimental scrutiny. Diazirine (DZN, the three-membered ring heterocycle: CH2N2) mimics water 

because of its minute size, and gives rise upon photolysis to extremely reactive methylene carbene, an 

electron deficient species that adds almost unselectively to X-H bonds. Under a sparse methylation 

regime, the modified proteins are amenable to analyses by radiotracer, mass spectrometry and NMR 

techniques. The latter is advantageous because it does not demand cleavage of the polypeptide chain. 

For each technique, appropriate metrics were derived to assess the extent of methylation. Not 

unexpectedly because of their larger area relative to the backbone, the dominant phenomenon involves 

the modification of amino acid side chains. The attainable resolution evolved from short peptides to 

individual amino acid residues, and even more, to uncovering the precise location of methylated spots. 

In well-folded proteins, including both soluble and membrane proteins, DZN probes the external surface 

-including crevices and clefts- as well as internal cavities, but not close packed volumes. At the other 

extreme, the unfolded state ensemble shows an enhanced and much flatter pattern consistent with broad 

solvent exposure. In between, DZN labeling allowed us to uncover structural aspects of folding 

intermediates, such as the appearance of localized hydrophobic phases. Methylated sites also pinpoint 

the interaction area in complexes and structural aspects of physiological conformational changes, not 

excluding allostery. More recently, insights were drawn on the archetypical intrinsically disordered 

protein alpha synuclein, allowing the appraisal of the transition from the monomeric ensemble to 

ultimately the organization of fibrillar aggregates. Collectively, protein methylation profiles provide 

unique footprints on protein conformation and interfaces. 

With grants from UBACyT, CONICET and ANPCyT.  

Plenary Lecture 1 

mailto:delfino@qb.ffyb.uba.ar
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Chair 1: IBAN UBARRETXENA 
Chair 2: ANA M. GIL 

Date: Monday, 20th June 2022 
Time: 16:00 

 

PL.2 Voltage compartmentalization by dendritic spines in vivo 

 

RAFAEL YUSTE. 

Neurotechnology Center, Dept. Biological Sciences, Columbia University, New York, NY 10027, USA. 

 

Dendritic spines mediate most excitatory neurotransmission in the nervous system, so their function is likely 

critical for brain function. While it has been demonstrated that spines are biochemical compartments, their 

electrical role is still unclear. Using a genetically-encoded voltage indicator and two-photon microscopy, we 

measured membrane potential in spines and dendrites from pyramidal neurons of somatosensory cortex in 

mice during spontaneous activity and sensory stimulation (1). We found different regimes for dendrite and 

spine voltage dynamics during supra- and sub-threshold potentials. Spine depolarizations are similar to 

dendritic ones when the neuron fires action potentials, but during subthreshold synaptic potentials spines often 

experience different voltages than parent dendrites, even activating independently. Confirming these two types 

of spine voltage regimes, after two-photon optogenetic activation of the parent dendrites, spine potentials are 

similar to dendritic potentials but they remain compartmentalized during optogenetic activation of spine heads. 

Our results demonstrate that spines are voltage compartments, acting as electrical diodes, with no dendrite-to-

spine attenuation of dendritic potentials but significant spine-to-dendrite attenuation of synaptic potentials. 

The regulation of the electrical behavior of spines could be important for synaptic function and plasticity, 

dendritic integration, and the pathophysiology of mental and neurological diseases. 

 

Supported by R01NS110422, R34NS116740 and the Pew Charitable Trust. 

 

References 

(1) Cornejo VH, Ofer N, Yuste R. Voltage compartmentalization in dendritic spines in vivo. Science. 2022;375(6576):82-
+. doi: ARTN eabg050110.1126/science.abg0501. PubMed PMID: WOS:000740261400044. 
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Chair 1: ALICIA ALONSO 
Chair 2: ANA M. GIL 

Date: Tuesday, 21st June 2022 
Time: 09:00 

 

PL.3 Aggregation of the fusion peptide of influenza HA alters membrane structure and 
hydration to promote poration 

 

Amy Rice2, †, Sourav Haldar1, *†, Eric Wang1,2, Paul S. Blank1, Sergey A. Akimov3, Timur R. Galimzyanov3, 

Richard W. Pastor2, JOSHUA ZIMMERBERG1*. 

1Section on Integrative Biophysics, Eunice Kennedy Shriver National Institute of Child Health and Human 

Development, National Institutes of Health, Bethesda, MD 20892, USA. 

2Laboratory of Computational Biology, National Heart Lung and Blood Institute, National Institutes of Health, 

Bethesda, MD 20892, USA. 

3A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, Moscow, 

119071, Russia. 

*Current Address: Division of Virus Research and Therapeutics, CSIR-Central Drug Research Institute, Lucknow 

226031 (UP), India. 

†A.R. and S.H. contributed equally to this work. 

 

Enveloped viruses feature surface spike proteins that mediate membrane fusion, such as the hemagglutinin 

(HA) of influenza virus. Upon activation, a domain of HA extends towards the target cell and embeds at its N-

terminal tip a 21 amino acid amphipathic alpha helix, the fusion peptide (FP) critical for fusion. Synthesized 

FP of influenza virus are membrane active, by themselves generating pores in giant unilamellar vesicles 

(GUV). This activity can potentially explain both influenza virus’ hemolytic activity and the liposome poration 

we saw in cryo-electron tomography. Fluorescent labeled FP was equally active on GUV, with increased 

heterogeneity at the time of poration. Molecular dynamics (MD) simulations of asymmetric bilayers with 

different numbers of FP in one leaflet show substantial FP clustering.  At the center of this FP condensate, a 

profound change in the membrane structure results in thinning, higher water permeability, and curvature. 

Ultimately, a hybrid bilayer domain can form with one lipid leaflet and one FP leaflet. Membrane elastic theory 

predicts a reduced barrier to water pore formation when even a dimer of FP thins the membrane as above, and 

the FP tilt to initiate the required leaflet bending. 

  

Plenary Lecture 3 
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Chair: JOSÉ MARÍA VALPUESTA 
 

Date: Tuesday, 21st June 2022 
Time: 16:30 

 

PL.4 Engineering the folding and function of tandem- repeat proteins: Teaching old 
proteins new tricks 

 

Albert Perez-Ribaa, Pamela J.E. Rowlinga, Marie Synakewicza, Aurora Diamantea, Rohan Eapena, 

Chaturbedy, P.K.a and LAURA S. ITZHAKIa. 

a Department of Pharmacology, University of Cambridge, Tennis Court Road, Cambridge CB2 1PD, UK. 

lsi10@cam.ac.uk 

 

Keywords: tandem repeat protein ● TPR ● short linear motif ● protein folding ● protein-protein interactions 

 

Tandem-repeat proteins, such as tetratricopeptide repeats, comprise tandem arrays of small structural motifs 

that pack in a linear fashion to produce regular, elongated, quasi-one- dimensional architectures. The 

repetitive modular organisation of this architecture makes it straightforward both to dissect and to redesign 

their biophysical properties1. I will describe our work exploring the folding energy landscapes of tandem-

repeat proteins and more recent studies aiming to exploit tetratricopeptide repeats to create a platform of 

synthetic binding molecules capable of displaying both single as well as multiple functions by grafting short 

linear motifs onto them in precise and pre-programmed geometries2. 

 

References 

(1) Rowling, P.J.E.; Sivertsson, E.; Perez-Riba, A.; Main, E.R.G; Itzhaki, L.S. Biochem. Soc. Trans. 2015, 43, 881 
(2) (a)Perez-Riba, A.; Lowe, A.R.; Main, E.R.G.; Itzhaki, L.S. Biophys. J. 2018,114, 2252. (b) Perez- Riba, A.; Komives, 

E.A.; Main, E.R.G.; Itzhaki, L.S. Scientific Reports 2019, 9, 15439. (c) Madden, S.K.; Perez-Riba, A.; Itzhaki L.S. 

Protein Sci. 2019, 28, 738. (d) Ripka, J.F.; Perez-Riba A.; Chaturbedy, P.K.; Itzhaki L.S. Curr. Res. Struct. Biol. 

2020, 3, 30. (e) Diamante, A. et al., Itzhaki, L.S. Chemical Science 2021,12, 880. (f) Synakewicz, M. et al., Itzhaki 

L.S.; Stigler J. ACS Nano 2022,16, 3895. 
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PL.5 Retiring from a hobby: an impossible task 

 

FÉLIX M. GOÑI. 

Instituto Biofisika (CSIC, UPV/EHU), Fundación Biofísica Bizkaia (FBB), University of the Basque Country, 
48940 Leioa, Spain. 

 

"Félix M. Goñi (San Sebastián, 1951) will review his own career in the context of the progress of Biophysics 

in the last fifty years. This will be accompanied by reflections on the nature of the job of a scientist, and by 

advice to OLD scientists. Advice will NOT be given to young scientists." 

  

 
 

Date: Tuesday, 21st June 2022 
Time: 17:30 

Plenary Lecture 5 - FÉLIX M. GOÑI 
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Chair 1: AITZIBER L. CORTAJARENA 
Chair 2: HUGO FILIPE 

Date: Monday, 20th June 2022 
Time: 11:00 

 

S1.1 Targeting the SARS-CoV-2 spike protein: from fundamental research to tailor-made 
biopharmaceuticals 

 

Mariana Valérioa, Carlos H. Cruza, Carolina C. Bugaa, Luís Borges-Araújoa,b, Pedro Sousac, Marta 

Alenquerd, Maria J. Amorimd, Manuel N. Meloa, João B. Vicentea, Cláudio M. Soaresa and DIANA 

LOUSAa. 

a Instituto de Tecnologia Química e Biológica António Xavier - ITQB NOVA, Oeiras, Portugal. 

b iBB-Institute for Bioengineering and Biosciences, Instituto Superior Técnico, Universidade de Lisboa, Portugal. 
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The COVID-19 pandemic, caused by SARS-CoV-2, led to a devastating health crisis, which is still affecting the world. 

Although vaccines are already being administered, the continuous appearance of novel variants represents a serious 

threat. Thus, we need to develop complementary therapeutic strategies. The spike protein is a privileged therapeutic 

target, since it binds to the host receptor and enables the virus to enter the host cell and replicate[1]. 

We are using a multidisciplinary approach, combining computational biology and experimental methods, to characterize 

and inactivate the spike protein. This approach shed light into the impact of the most relevant variants of concern, 

revealing that the spike protein receptor binding domain (RBD) is very dynamic and alternates between an open and a 

closed state. In the Delta and Omicron variants, the open state is considerably more prevalent than in the wild-type virus, 

which enables these variants to bind to the receptor more efficiently. 

In parallel, we are developing protein inhibitors that bind to the spike RBD and block the infection process. Using a 

computational design approach, we created a set of mini-proteins, which were expressed in prokaryotic cells and 

evaluated experimentally. This led to the development of therapeutic leads with validated affinity for the RBD, showing 

that this is a promising strategy, which can be adapted to new variants. 
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Pathogenic RNA viruses represent a challenge for global disease control due to their diversity and rapid 

mutation rates. Antibodies are powerful biotherapeutic agents to fight viral infection, however, the spontaneous 

mutation rate of RNA viruses rapidly results in antiviral resistance. This represents a clinical roadblock for the 

deployment of antibodies to treat and prevent viral diseases. Using the human apoferritin protomer as a 

modular subunit to drive the multimerization of antibody fragments we have developed highly avid, multi-

specific molecules termed Multabodies. We have leveraged this platform against two devastating pandemic 

viruses, SARS-CoV-2 and HIV-1 and show that the resulting molecules are able to efficiently overcome 

sequence diversity, and to do so with extraordinary potency. The modularity of the platform makes it relevant 

against indications where multispecificity and avidity are leveraged simultaneously to mediate optimal 

biological activity. 
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The transduction of mechanical stresses such as tension or compression is critical for survival and the quality 

of life. Whereas most ion channels and receptors behind mechanotransduction have been identified, it is still 

uncertain how forces are transmitted to the molecular mechanosensors. In this talk, I will highlight recent 

activity of my lab to understand how mechanical stresses during proprioception1 and external touch activate 

mechanoreceptor neurons and their ion channels. In particular, I present a novel mechanism2 by which an 

essential and highly conserved protein for touch sensation in the small roundworm Caenorhabditis elegans. 

Specficially, MEC-2 Stomatin undergoes a rigidity transition during maturation from a liquid and mobile pool 

to force-sensing, solid, and immobile condensates in touch receptor neurons. In vitro biochemistry assays with 

purified proteins revealed that MEC-2 reconstitutes into largely deformable liquid droplets. Using optical 

tweezers measurements in vitro and diffusion assays in vivo, we observed that MEC-2 matures into gel-like 

platforms, with a strong frequency dependent viscoelastic property, suggesting that MEC-2 can transmit forces 

on short timescales (>1Hz) but not on long time scales. We found that this phase separation and maturation 

depends on an unstructured proline-rich motif at the C- terminus of MEC-2, which has SH3 binding properties. 

Using a combination of neuronal calcium imaging in a microfluidic trap and behavioural assays, we showed 

that UNC-89– a titin/obscurin homolog – interferes in touch and its SH3 domain co-condensates with MEC-2 

mature pools in mechanosensitive platforms in vivo. Together, our data suggest that MEC-2 maturation tunes 

its function from proper transport along neurites to a filter for mechanical stresses, as well as uncovers, for the 

first time, an unexpected role of titin homologs in neurons. Our work motivates future studies towards a general 

mechanism behind mechanosensation. 
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Protein-based nanostructured and self-organized materials are being developed for a broad spectrum of 

nanotechnological applications. However, protein materials in general are prone to structural alterations due 

to mechanical stress and fatigue. To limit nanoarchitecture damage by increasing fatigue resistance and 

enhancing self-healing, we have succeeded in designing a protein-based supramolecular nanomaterial 

through permanent genetic modification. We have engineered a two-dimensional protein lattice consisting of 

a regular array of non-covalently linked human immunodeficiency virus capsid protein molecules into a 

convalently linked supramolecular chain. Designed mutations at specific sites allow the formation of a regular 

network of disulfide bridges between each of the adjacent proteins that make up the network. This 

supramolecular structure resembles the riveting of interlocking iron rings in the chain mail of a medieval 

knight. The modified protein network exhibits enhanced thermostability and resistance to mechanical stress 

and fatigue, as well as enhanced self-healing, while maintaining its stiffness. The results provide a proof-of-

concept of a genetic design to permanently increase the fatigue resistance and improve the self- healing of 

protein-based nanostructured materials. They also provide insights into the molecular basis of fatigue of 

protein materials. 
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The mechanics of non-adherent cells, such as leucocytes and circulating tumor cells, are essential for allowing 

pass through narrow capillaries. While there are microfluidics techniques that explore the mechanics of 

suspended cells, they either apply large strain rates or require highly viscous buffers that may affect cell 

response. Acoustic force spectroscopy (AFS) uses of acoustic standing waves to manipulate suspended 

particles, beads or cells in a microfluidic channel [1]. While AFS has been applied to cell mechanics using 

beads attached on adherent cells, its application for suspended cells is not yet implemented. By coupling this 

technique with reflection interference contrast microscopy (RICM), the deformation of cells can be measured 

while they are compressed by the acoustic force against the surface of the chamber (Figure 1). This enables 

estimation of the mechanical properties of several cells in parallel. Furthermore, a sinusoidal force signal can 

be applied to perform microrheology measurements at the lowest frequencies. We have developed adequate 

software for data acquisition and analysis to enlarge its applications. Thus, this innovative technique allows 

us to explore the mechanics of cells in suspension, under physiological conditions relevant to all circulating 

cells. 

 

 

Figure 1. Cells deformation under acoustic forces. When an acoustic force is applied (right), the cells are 

compressed on the surface of the chamber and their contact area, observed by RICM, is enlarged. This 

variation is highlighted on red on the image mask (bottom). 
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Antimicrobial peptides (AMPs) are considered alternative to antibiotics and are produced by several organisms including 

bacteria, protozoa, animals and humans. Various approaches to AMP immobilization on wide compositions of nanoparticles 

(NPs) have been reported with a low antimicrobial efficiency compared to soluble peptides1. In addition, the antimicrobial 

activity of immobilized AMPs in the presence of serum remains elusive. Importantly, Chronic skin wounds affect 3% of 

persons aged above 60 years2. Chronic wounds are typically difficult to heal by traditional therapies, and in many cases, they 

get infected making even harder the regeneration process. LL37, an AMP, having both antimicrobial and regenerative potential 

is a promising peptide to address both problems3. 

We have prepared LL37-Au NPs using a one-step method under physiological conditions. LL37-Au NPs have potent 

antimicrobial activity against Gram-positive and Gram-negative bacteria and an excellent wound healing property. Importantly, 

LL37-Au NPs severely damage the bacterial membrane at a specific concentration, which has no cytotoxicity effect on human 

umbilical vein endothelial (HUVECs), human dermal fibroblasts (NDHFs) and human keratinocyte cells (HaCaTs). The 

liposome-based model indicates that AMP- conjugated NPs compromise the integrity of bacterial membrane mimicking 

liposomes while no effects are observed on erythrocyte membrane mimicking liposomes. Moreover, soluble LL37 peptides 

and LL37-Au NPs activate different signalling pathways in HUVECS and HaCaTs to promote angiogenesis and cell migration 

respectively in vitro condition. LL37-Au NPs have higher wound healing activity than LL37 peptides in a splinted mouse full-

thickness excisional model. LL37-Au NPs induce higher expression of collagen, IL6 and VEGF in wounds compared to LL37 

peptide or NPs without LL37 treated animals. Furthermore, we have shown that LL37-Au NPs coated wound dressings promote 

rapid wound healing in diabetic mice by promoting re-epithelialization (higher expression of keratin; K14/5) in the wound bed. 

LL37-Au NPs coated wound dressings favour higher expression of anti- inflammatory cytokines, whilst reducing the secretion 

of pro-inflammatory cytokines. The results presented here are a first step toward the development of AMP-based 

nanotherapeutics and wound dressings for the treatment of skin disorders. 
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Paclitaxel is one of the most common drugs used to treat solid tumors as colorectal, gastric, and pancreatic 

cancers. Nevertheless, this drug induces a peripheral neuropathy (CIPN) that translates into acute and chronic 

pain in the patients. The severity of these symptoms forces the reduction and compromises the continuation of 

the treatment, having a drastic impact on patients’ survival and quality of life (1). Evidence from animal models 

suggests an axonopathy of peripheral A- and C-type fibers that affects their excitability. However, the direct 

effect of paclitaxel on sensory neuron excitability and sexual dimorphism remains poorly understood. We have 

used a long-lasting (10 days in vitro) primary culture of rat dorsal root ganglion (DRG) neurons to investigate 

the time course effect of paclitaxel on the electrical activity of IB4(-) and IB4(+) sensory neurons of female 

and male adult rats (2). Paclitaxel strongly stimulated spontaneous activity and augmented repetitive action 

potential firing in both neural populations and sexes in a time-dependent and reversible manner, peaking at 

48h post-treatment and virtually disappearing at 96h. Paclitaxel slightly affected more intensively the electrical 

excitability of female sensory neurons than those from males. Analysis of the electrogenic activity revealed 

that paclitaxel primarily reduced the current rheobase and the afterhyperpolarization amplitude and promoted 

an increase in Na+ resurgent currents in both neural populations. Furthermore, paclitaxel augmented capsaicin 

and menthol currents, concomitant to an increase in the immunoreactivity of TRPV1 and TRPM8, without 

affecting allyl isothiocyanate responses nor TRPA1 expression level. Collectively, our data indicate that 

paclitaxel similarly potentiated IB4(-) and IB4(+) electrogenicity, although through distinct mechanisms, and 

uncover a potential sex dimorphism in paclitaxel-induced CIPN. Our in vitro pre-clinical CIPN paradigm 

provides a tool for studying the dynamics and underlying molecular mechanisms contributing to nociceptor 

sensitization in peripheral neuropathies and for testing desensitizing compounds. 
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Spinocerebellar Ataxia Type 3 or Machado-Joseph disease (MJD) is a rare disease with high prevalence in 

Portugal, in particular in the Azores islands. The disease is caused by the expansion of an unstable CAG repeat 

in the Atxn3 gene, that is translated into an expanded polyglutamine repeat in the protein encoded by this gene 

- ataxin-3. Polyglutamine (polyQ) expansion beyond a critical threshold triggers the appearance of intracellular 

inclusions enriched in the mutated ataxin-3, a unique hallmark of this highly incapacitating neurodegenerative 

disease. We have been working on the characterization of the self-assembly pathway of ataxin-3 and 

characterized the various steps that lead to the conversion of ataxin-3 monomers to amyloid protofibrils and 

mature fibrillar assemblies. This knowledge has been critical to validate the anti-amyloid properties of protein 

aggregation inhibitors currently beind studied in the group. In this talk, I will show some examples of ataxin-

3 aggregation inihbitors that are characterized at the molecular level and evaluated in various disease models, 

and discuss the current challenges in the discovery of therapies for protein aggregation diseases. 
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Truncating variants in the titin gene are the most common cause of familial dilated cardiomyopathy (DCM), 

accounting for 25% of the genotype-positive cases1. Similar to other genetic diseases triggered by gene loss 

of function, it has been proposed that destabilizing titin missense mutations can also result in DCM. Indeed, 

the highly destabilizing Cys3575Ser mutation targeting immunoglobulin-like 21 domain of cardiac titin has 

been recently identified as a cause of DCM2. However, the effects of the mutation on the structure of the 

parent domain and whether altered disulfide bond formation contribute to the destabilizing properties of the 

mutation remain unexplored. Here, using high-resolution X-ray crystallography, we report that the I21 wild-

type domain shows the typical immunoglobulin-like fold of titin I-band domains, and that the structure of the 

Cys3575Ser mutant domain is largely unperturbed (RMSD: 0.538 Å). In addition, using gel-shift assays, we 

have ruled out that the lower thermal stability of the mutant domain results from its inability to establish 

intramolecular disulfide bonds. Instead, we propose that the lower hydrophobicity of serine3 is not well 

accommodated in the core of mutant domains, causing their destabilization. Our results illustrate that subtle 

physicochemical changes induced by titin missense mutations can cause domain destabilization, even in the 

absence of remarkable structural alterations, resulting in development of DCM. 
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Calmodulin recognizes more than 300 different targets with very little sequence similarity. Those targets 

control key events on human physiology with great therapeutically potential [1]. We are working on creating 

a library of biosensors with the aim of capturing the key molecular rearrangements that take place in different 

full-length ligands, an connecting those events to easily detectable fluorescent signals amenable of high 

throughput screening. As a proof of concept, we will present the development of a biosensor that recapitulates 

the most essential effects of Riluzole, the only drug available for treatment of amyotrophic lateral sclerosis. 

 

 

Figure 1. Schematic representation of the mode of action of the biosensor. 
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The hematophagous lifestyle of many invertebrates relies on a complex molecular arsenal that targets the hemostatic, 

inflammatory and immune responses of their hosts.1 The central role played by thrombin in the hemostatic system, 

makes it a prime target for many of these natural anticoagulants.2 Although many thrombin-targeting molecules use 

structural modules common to other proteinase inhibitors,3 evidence has accumulated for the existence of a group of 

non- canonical, cysteine-less and flexible thrombin inhibitors, distributed across a wide range of evolutionarily 

distant organisms. We have found that despite their seemingly independent origin, common features of most of 

these inhibitors are a bidentate binding mode and the posttranslational installation of a potency enhancing O-sulfate 

group on specific tyrosine residues. Using advanced synthetic chemistry methods, in combination with biochemical 

and biophysical approaches, we unveiled the molecular basis for the specific recognition and inhibition of thrombin 

by this heterogeneous and unique group of anticoagulants. 
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AMPA receptors (AMPARs) are glutamate-gated ion channels that mediate fast excitatory 

neurotransmission. Neuronal AMPARs preferentially form heterotetramers composed of different 

combinations of four subunits, GluA1 to GluA4, while auxiliary proteins such as TARPs and cornichons 

form complexes and further expand the functional diversity of the receptor and determine the size and form 

of postsynaptic response. The GluA1/2 heteromer forms a complex with TARP-8, a potent modulator of 

AMPAR function which is particularly abundant in the hippocampus. TARP-8 is also the target of highly 

specific modulators, with potential for the treatment of epilepsy and mood disorders. Here we show the cryo-

EM structures of this complex trapped in open, desensitized and closed conformations1,2. Combining 

structural data with electrophysiology and molecular dynamics simulations we show how TARP extracellular 

domains modulate AMPARs by interacting with different patches of the receptor ligand binding domain. We 

also analyse how receptor gating is coupled to changes in the selectivity filter, which determines cation 

selectivity, as well the role of TARP-8 in the modulation of receptor rectification. 

 

Closed state Open state Desensitized state 

 

 

 

 

 

 

Figure 1. AMPAR functional states showing the main conformational changes associated with receptor 

opening and desensitization (GluA1, blue; GluA2, red; and TARP- 8, green). 
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Necroptosis is a type of programmed cell death whose activation requires the assembly of higher-order 

complexes named necrosomes.1 The canonical necrosome is a functional amyloid that builds on the co-

assembly of two proteins, RIPK1 and RIPK3, with an overall 1:1 stoichiometry and thus referred to as a 1:1 

hetero-amyloid.2 Non-canonical necrosomes, which function to signal necroptosis under distinct conditions, 

e.g. under virl infections, are also hetero-amyloids formed by RIPK3 and another partner protein.2 All 

necrosomes serve as a platform to promote RIPK3-seeded homo-oligomeric assembly as a final step towards 

the activation of the protein MLKL, which is the final executor of necroptosis.3 While residues involved in 

the assembly of RIPK3 necrosome complexes have been determined by solid- state NMR and cryo-EM, and 

map to a region named the RHIM motif,2,4 we still lack structural data that sheds light on the switch that 

drives the monomer into the fibrillar complex, which is critical information required to understand RIPK3 

mediated signaling of necroptosis. Using a combination of NMR-based approaches, we have gathered this 

knowledge, obtained kinetic data of the association process and discovered that a region lying outside the 

RHIM makes specific interactions with the higher order complex formed during assembly. This region, which 

has not been previously investigated in functional necroptosis assays, does not contribute signals to the solid-

state NMR spectra and is invisible in the cryo-EM structures of RIPK3 amyloid fibrils.2,4 
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Treadmilling protein filaments perform essential cellular functions by growing from one end while shrinking 

from the other, driven by nucleotide hydrolysis. Bacterial cell division relies on the primitive tubulin homolog 

FtsZ, a target for antibiotic discovery that assembles into single treadmilling filaments that hydrolyse GTP at 

an active site formed upon subunit association. We determined high-resolution filament structures of FtsZ 

from the pathogen Staphylococcus aureus in complex with different nucleotide analogues and cations, 

including mimetics of the ground and transition states of catalysis. Together with mutational and biochemical 

analyses, our structures reveal interactions made by the GTP -phosphate and Mg2+ at the subunit interface, 

a K+ ion stabilizing loop T7 for co-catalysis, new roles of key residues at the active site and a nearby crosstalk 

area, and rearrangements of a dynamic water shell bridging adjacent subunits upon GTP hydrolysis. We 

propose a mechanistic model that integrates nucleotide hydrolysis signaling with assembly-associated 

conformational changes and filament treadmilling. Equivalent assembly mechanisms may apply to more 

complex tubulin and actin cytomotive filaments that share analogous features with FtsZ. 

 

 

 

Figure 1. FtsZ active site in a filament mimicking the transition state of GTP hydrolysis. Two adjacent 

subunits are shown, one as gray surface and the second as an ochre ribbon, with GDP in yellow, AlF4- 

in dark gray and turquoise, Mg2+ as a green sphere, K+ as a purple sphere, relevant water molecules as 

red spheres and three significant residues in the ochre subunit. 
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Protein glycation is a hallmark of diabetes, a disease that leads to deleterious stiffening of tissues such as the 

myocardium partly by accumulation of extracellular crosslinking advanced glycation end products (AGEs).1 

However, modification of extracellular proteins fails to explain why diabetic cardiomyocytes themselves 

become stiffer. Here, we demonstrate that methylglyoxal, a major inducer of protein glycation in diabetes, 

induces cardiomyocyte stiffening. We hypothesize that titin glycation can contribute to cardiomyocyte 

stiffening, since titin is the main responsible for the passive elasticity of myocytes. To explore this hypothesis, 

we have undertaken high-resolution, single-molecule protein nanomechanics profiling by Atomic Force 

Spectroscopy. Our single-molecule data shows that methylglyoxal induces substantial formation of 

intramolecular lysine crosslinks in titin domains, which become remarkably stiffer as a result of reduced 

contour length, and, unexpectedly, enhanced mechanical folding. Experiments in progress will determine the 

extent of titin glycation in diabetic hearts to examine its contribution to cardiomyocyte stiffening. 
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Structural proteins represent an interesting source to develop bio-based and sustainable materials. Due to the 

intrinsic relationship between amino acid sequence composition and protein function, protein-based materials 

give rise to advanced functional materials that are genetically encoded. In this work, we studied the structure-

function interplay of reflectins, a family of structural proteins from cephalopods. Reflectins are intrinsically 

disordered proteins that acquire supramolecular organization and work in vivo as static and dynamic 

biological Bragg-reflectors responsible for cephalopod camouflage1. These interesting tuned-optical 

properties are triggered by phosphorylation/dephosphorylation events that promote protein assembly into 

higher-order structures2. We selected two reflectin proteins with different amino acid sequences to understand 

in vitro their reversible self-assembly as a function of external stimuli. One reflectin is derived from static 

iridocytes found in cephalopods' light organ reflectors and another from dynamic iridocytes, found in 

animals’ skin. Both proteins were produced in bacterial hosts, purified, and further characterized by circular 

dichroism (CD), dynamic light scattering (DLS) and atomic force microscopy (AFM) to assess reversible 

protein self-assembly into nanoparticles in different solution conditions. Our results indicate that the amino 

acid sequence composition of each reflectin greatly impacts their final biophysical properties and reversible 

self-assembly to external stimuli. Interestingly, we show that reflectins derived from dynamic iridocytes can 

reversibly assemble and disassemble, whereas reflectins from static iridocytes do not present such a reversible 

behavior. These findings contribute largely to expand and comprehend reflectins family from a biochemical 

and structural point of view. 
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RUVBL1 and RUVBL2 are two highly conserved AAA-ATPases that form heterohexameric complexes that 

participate in a variety of cellular processes. The RUVBL1-RUVBL2 complex works in concert with the 

HSP90 chaperone for the assembly and activation of a growing list of macromolecular complexes, including 

RNA Polymerase II and complexes formed by the mTOR kinase. RUVBL1-RUVBL2 is also involved in 

nonsense-mediated mRNA decay (NMD), the assembly of the gamma tubulin ring complex and the U5 snRNP 

in the spliceosome, among other cellular pathways. RUVBL1 and RUVBL2 are also constituent components 

of several chromatin remodelling complexes such as the INO80 complex. 

How these two ATPases participate in such a variety of functions and the mechanisms involved is still poorly 

understood. The ability of RUVBL1 and RUVBL2 to bind and/or hydrolyse nucleotides is required for most 

of their documented cellular functions, however the mechanisms regulating ATP hydrolysis, the role of 

nucleotide binding and ATPase activity and how this is regulated are largely unknown. 

Our group is using single-particle cryo-electron microscopy (cryoEM) combined with biochemical and 

functional experiments to elucidate the structure and mechanisms of the RUVBL1-RUVBL2 complex as part 

of several complexes and pathways. Our latest work on this and our current understanding of how these 

ATPases regulate several cellular processes will be presented. 
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Folding thermodynamics of biopolymers is notoriously complex due to several competing fac- tors, e.g., 

solvent, counterions, and solutes. Therefore, it is crucial to push the resolution of the instruments employed to 

investigate the folding process of nucleic acids and proteins. Here, we derive the temperature-dependent 

folding/unfolding kinetic rates of DNA hairpins using a temperature-jump optical trap. From the measured 

kinetic rates, we derive the temperature- dependent free-energy (Δ𝐺0), enthalpy (Δ𝐻0), and entropy (Δ𝑆0) 

difference upon folding, and differences at the transition state relative to the native (Δ𝐺†, Δ𝐻†, Δ𝑆†) and 

unfolded (Δ𝐺∗, Δ𝐻∗, Δ𝑆∗) states. We find that the transition state has a high-free energy and low 

configurational entropy, in agreement with previous obtained in protein folding1. Finally, we demonstrate 

that the folding heat capacity change (Δ𝐶𝑝) of a GC bp differs from that of an AT bp2. 

 

 

 
 

Figure 1. Single-molecule experiments at different temperatures. a) Scheme of the single-molecule setup 

used in this work. b) Force-time traces measured at 6ºC (blue), 25ºC (green), and 46ºC (red) using a short 

DNA hairpin. c) Reconstructed DNA folding free energy, entropy, and enthalpy landscape. 
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Nature provides us with an impressive toolbox of building blocks that have inspired scientists to create 

complex artificial biofunctional systems, resembling those found in biological landscapes, to develop 

regenerative therapies. Among the natural biological systems is the native extracellular matrix (ECM),1 which 

is formed through the dynamic supramolecular self- assembly and molecular recognition of mainly proteins 

and glycosaminoglycans. The natural ECM provides not only a physical support for the cells but also initiates 

crucial biochemical and biomechanical signaling cues to direct tissue growth. Such fascinating 

supramolecular landscape has been boosting scientists towards the supramolecular design of ECM-like soft 

multicomponent biofunctional materials aimed at recreating the structural complexity and functional dynamic 

nature of the native cellular microenvironment and, ultimately, regenerate and/or substitute damaged tissues 

and/or organs.2 

 

In this talk emphasis will be given to the synergistic use of polysaccharides, synthetic polymers, self-assembling 

peptides or proteins, as well as molecular self-assembly and Layer-by-Layer assembly technology towards 

the bottom-up supramolecular engineering of soft self- assembling multicomponent biomaterials to interface 

with living systems. In particular, the supramolecular design, characterization and potential of hybrid 

biopolymer/peptide soft nanofibrous matrices to stimulate cell-signaling pathways that are pivotal in 

regenerative medicine, in particular in muscle and neural tissue regeneration will be discussed. 
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We introduce MADna, a sequence-dependent coarse-grained model of double-stranded DNA (dsDNA), 

where each nucleotide is described by three beads localized at the sugar, at the base moiety, and at the 

phosphate group, respectively. The sequence dependence is included by considering a step-dependent 

parametrization of the bonded interactions, which are tuned to reproduce the values of key observables 

obtained from exhaustive atomistic simulations from the literature. The predictions of the model are 

benchmarked against an independent set of all-atom simulations, showing that it captures with high fidelity the 

sequence dependence of conformational and elastic features beyond the single step considered in its 

formulation. A remarkably good agreement with experiments is found for both sequence-averaged and 

sequence-dependent conformational and elastic features, including the stretching and torsion moduli, the 

twist−stretch and twist−bend couplings, the persistence length, and the helical pitch. Overall, for the inspected 

quantities, the model has a precision comparable to atomistic simulations, hence providing a reliable coarse-

grained description for the rationalization of single-molecule experiments and the study of cellular processes 

involving dsDNA. 
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Most DNA double-strand breaks (DSBs) are repaired via the non-homologous end-joining (NHEJ) pathway, 

which is inherently complex and involves many factors. The synapsis of the DNA ends is a critical step for 

the DSB correct repair; however, this step is difficult to assess with bulk assays. In our group, we have 

implemented a single-molecule assay with Magnetic Tweezers (MT) that enables us to mimic a DSB1 and 

address the individual and combined contributions of the different NHEJ factors to the DNA-ends bridging. 

One intriguing NHEJ participant is APLF. This accessory factor increases DSB ligation efficiency by NHEJ2. 

To date, it is thought to act as a scaffolding protein3 recruiting XRCC4 and XLF to the DSB2. In our work, 

we report the first evidence that APLF along with the Ku70/Ku80 heterodimer can bridge DNA-ends4. 

Moreover, the Ku70/Ku80 and APLF complex can secure the DNA-ends bridging for several minutes under 

a pulling force of 2 pN. 

The role of lncRNAs in NHEJ as regulatory factors is also intriguing. The lncRNA NIHCOLE is induced in 

hepatocellular carcinoma and enhances the ligation efficiency of DSB by NHEJ5. Our results show that 

NIHCOLE, and in particular a small structured domain named SM3, interact with the Ku70/Ku80 heterodimer 

and fortifies the synapsis of DNA ends by Ku70/Ku80 and APLF4. 
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Loss of functional mitochondrial complex I (MCI) in the dopaminergic neurons of the substantia nigra is a 

hallmark of Parkinson's disease [1]. Yet, whether this change contributes to Parkinson's disease pathogenesis 

is nuclear [2]. Here we used intersectional genetics to disrupt the function of MCI in mouse dopaminergic 

neurons. Disruption of MCI induced a Warburg-like shift in metabolism that enabled neuronal survival, but 

triggered a progressive loss of the dopaminergic phenotype that was first evident in nigrostriatal axons. This 

axonal deficit was accompanied by motor learning and fine motor deficits, but not by clear levodopa- 

responsive parkinsonism-which emerged only after the later loss of dopamine release in the substantia nigra. 

Thus, MCI dysfunction alone is sufficient to cause progressive, human-like parkinsonism in which the loss of 

nigral dopamine release makes a critical contribution to motor dysfunction, contrary to the current Parkinson's 

disease paradigm [3,4]. 
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The export of secretory proteins from the endoplasmic reticulum (ER) relies on the COPII coat machinery. 

Until recently, it was believed that spherical 60–90 nm COPII-coated vesicles form at the ER exit sites (ERES) 

and act as carriers for secretory cargo export. However, the existence of bulky, rigid secretory cargoes, such 

as collagens or chylomicrons – with sizes of hundreds of nm –, had always challenged this canonical view. 

A crucial step towards elucidating this conundrum was the discovery of TANGO1, an ER-resident 

transmembrane protein that is necessary for the ER export of a number of bulky cargoes. Importantly, TANGO1 

builds a molecular machine for collagen export by assembling into a ring around ERES, linking bulky cargoes 

in the ER lumen to the cytosolic COPII machinery, tethers, and ER-Golgi intermediate compartment (ERGIC) 

membranes. 

 

Here, I will present a continuum biophysical model to investigate the physical mechanisms of TANGO1 ring 

assembly and how COPII polymerization, membrane tension, force, and cargo properties facilitate the 

formation of a transport intermediate for cargo export. Our results indicate that a TANGO1 ring can stabilize 

the open neck of a nascent COPII bud. Elongation of such a bud into a transport intermediate commensurate 

with bulky cargoes is then facilitated by three complementary mechanisms: (i) by membrane tension 

modulation, e.g., by TANGO1- mediated fusion of retrograde ERGIC membranes; (ii) by force application; 

and (iii) by neck- size control mediated by cargo-membrane steric interactions. Altogether, our theoretical 

approach identifies key biophysical events in TANGO1-driven export of cargoes such as procollagens or 

chylomicrons, and suggests a means by which the biophysical properties of bulky cargoes can modulate the 

export capability of the system. 
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The coordinated motion of cell clusters, also known as collective cell migration is essential in physiology and 

disease. In this work we combined atomic force microscopy with physical models and mechano-molecular 

perturbations of embryonic tissues to unveil that unlike 

previously thought cells within clusters are not soft 

when laying on soft substrates; and that substrate 

stiffening does not stiffen cell within clusters, but that 

rather instruct relative cell softening. We also found 

that this unsuspected cell-to-substrate mechanical 

feedback loop is mediated via a novel molecular 

pathway involving Piezo1- mediated microtubule 

deacetylation. Finally we proved that an absolute 

value of 'so called' high substrate stiffness is not as 

essential for collective migration as it is reaching an 

optimal ratio of cell-to-substrate stiffness- as we found 

that soft clusters do migrate in otherwise non-

permissive compliant native substrates1. Thus, our 

work invites to re-think the way we approach collective 

cell migration in both physiology and disease. 
 

 

 

 

Figure 1. Summary of our findings1. 
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The mechanical properties of the extracellular matrix (ECM) are essential for tissue homeostasis, as they 

determine cell spreading, differentiation, proliferation and migration through the concerted action of 

mechanoresponsive proteins such as YAP1, 2. However, interpretation of the mechanical crosstalk between 

cells and the ECM using hydrogel mimetics has been limited by the intricacies to engineer viscoelasticity 

typical of the ECM, the difficulty in discerning viscoelastic from viscoplastic behaviors, and the convolution 

of their mechanical and non-mechanical properties3. As a result, whether cells sense ECM energy dissipation 

(i.e. viscoelasticity) independently of stiffness remains unknown. Here, we exploit fundamental polypeptide 

conformational changes under force to produce titin-based protein hydrogels with tailored viscoelasticity and 

preserved chemical composition, ultrastructure, crosslinking density, and biochemical environment. Using 

our system, we demonstrate that cells respond to changes in viscoelastic cues only, as nuclear YAP decreases 

with substrate energy dissipation. Furthermore, the rate of YAP translocation to the nucleus is more sensitive 

to changes in energy dissipation than in stiffness; indicating that the response to the viscous component 

engineered into our ECM mimetics supersedes rigidity effects. This observation implies that cells perceive 

ECM rigidity and energy dissipation by non-overlapping mechanisms, illustrating the relevance of ECM 

viscoelasticity in the biology of the cell. 

 

References 

(1) Humphrey, J. D., Dufresne, E. R. & Schwartz, M. A. (2014) Mechanotransduction and extracellular matrix 

homeostasis. Nat Rev Mol Cell Biol 15, 802-812, doi:10.1038/nrm3896. 

(2) Dupont, S. et al. (2011) Role of YAP/TAZ in mechanotransduction. Nature 474, 179-183, doi:10.1038/nature10137. 

(3) Chaudhuri, O., Cooper-White, J., Janmey, P. A., Mooney, D. J. & Shenoy, V. B. (2020) Effects of extracellular 

matrix viscoelasticity on cellular behaviour. Nature 584, 535-546, doi:10.1038/s41586-020- 2612-2. 

  

mailto:chuerta@cnic.es


[42] 
 

S5.OC2 The effect of osteogenic differentiation on endo- and exometabolomes of human 
mesenchymal stem cells 

 

DANIELA S. C. BISPOª, Catarina S. H. Jesusª, Marlene Correiaª, Mariana B. Oliveiraª, João F. Manoª, 

Ana M. Gilª. 

a Department of Chemistry, CICECO - Aveiro Institute of Materials (CICECO/UA), University of Aveiro, Campus 

Universitario de Santiago, 3810-193 Aveiro, Portugal. 

d.bispo@ua.pt 

 

Keywords: mesenchymal stem cells ● osteogenic differentiation ● NMR spectroscopy ● endometabolome ● exometabolome 

 

Strategies involving mesenchymal stem cells (MSCs) have emerged as promising alternatives to conventional 

bone grafts. Because metabolic changes seem critical for bone regeneration, metabolomics (through cell 

extracts and culture media) may unveil novel information on MSCs osteogenic differentiation,1,2 allowing their 

behaviour to be understood and possibly directed towards improved osteogenic commitment.3 However, only 

a few reports monitored osteogenesis (with mass spectrometry predominating compared to nuclear magnetic 

resonance (NMR) spectroscopy), with scarce information combining intra- and extracellular adaptations.2,4 

Here, NMR metabolomics was applied to monitor endo- and exometabolome changes of adipose-derived 

MSCs throughout 21 days of osteogenesis. Endometabolome results revealed significant fluctuations in the 

metabolism of amino acids, energy-related compounds, nucleotides, and anti-oxidative mechanisms. Also, 

exometabolome data highlighted alanine, glutamate, glycerol and citrate as important secretome components. 

Different stages of osteogenesis are suggested, supported by putative explanations, and other important issues 

are discussed, such as inter-donor variability and aging effect. Overall, this work has shown the great potential 

of NMR to characterize the dynamic metabolism of MSCs osteogenesis, ultimately enabling the potential 

discovery of universal biomarkers of osteogenic differentiation efficacy, with potential translation to in vivo 

clinical practice. 
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Phosphatidylinositol 4,5-bisphosphate or PI(4,5)P2 is an essential plasma membrane component involved in 

several cellular functions, including membrane trafficking and cytoskeleton organization. This complex 

function multiplicity is partially achieved through a dynamic spatiotemporal organization of PI(4,5)P2 within 

the membrane. Given their dimensions and dynamical nature, the factors regulating the formation of PI(4,5)P2 

nanodomains are largely unknown, as are their properties. Through a combination of fluorescence 

spectroscopy, atomic force microscopy, and coarse grained molecular dynamics simulations, we explored the 

impact of acyl-chain structure on the biophysical properties of cation-induced PI(4,5)P2 nanodomains. We 

find that that in the presence of calcium, PI(4,5)P2 species with increasing levels of acyl- chain saturation, 

cluster in progressively more ordered nanodomains, which culminate in the formation of gel-like 

nanodomains for fully saturated species. These results present clues to the motives for the conserved pattern 

of enrichment of PI(4,5)P2 with polyunsaturated acyl-chains. On the other hand, through FRET microscopy 

assays with PI(4,5)P2 binding domains, we show that formation of PI(4,5)P2 nanodomains in HeLa cells is 

inhibited in the absence of actin polymerization but not upon cholesterol extraction. These results suggest 

that PI(4,5)P2 nanodomains are tightly associated with the actin cytoskeleton, but are largely independent 

from the formation of membrane rafts.  
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Pathological events associated with apoptosis resistance, including cancer, are frequently related to the 

overexpression of anti-apoptotic Bcl2 members. That includes newly diagnosed cancers, as well as acquired 

resistance to therapies. Among the anti-apoptotic proteins, BclxL displays relevant functions in several forms 

of cancer. Because of its relevance different strategies have been considered to inhibit BclxL. However, 

current BclxL targeting therapies fail, either because of a lack of efficiency or the presence of adverse effects 

associated with them. In the present manuscript, we explored the intramembrane protein-protein interactions 

of BclxL and their role in its anti-apoptotic function. We utilized this information to design an inhibitor 

capable of specifically sequestering the transmembrane domain of BclxL. Furthermore, we demonstrate that 

our design cancels the anti-apoptotic effect of BclxL with no intrinsic toxic side effects. Our results constitute 

the first steps in the development of a unique type of BclxL inhibitors that might supplement and/or substitute 

some of the current cancer treatments. Moreover, we hope our work sparks the development of a new 

generation of inhibitors targeting interactions between transmembrane domains. 
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Autophagy is an essential process in cell self-repair and survival. The start of the autophagic event is the 

generation of the so-called autophagosome, a vesicle surrounded by a double membrane (two bilayers), 

containing macromolecules or even organelles that must be degraded. The autophagosome delivers its cargo 

to a lysosome, for degradation and re-use of the hydrolysis products. In recent years we have focused our 

attention on the early steps of mitochondrial autophagy, or mitophagy. Externalization of the phospholipid 

cardiolipin (CL) to the outer mitochondrial membrane has been proposed to act as a mitophagy trigger. CL 

would act as a signal for binding the LC3 autophagy proteins. As yet, the behavior of the LC3-subfamily 

members has not been directly compared in a detailed way. In this presentation, an analysis of LC3A, LC3B 

and LC3C interaction with CL-containing model membranes, and of their ability to translocate to 

mitochondria, will be described. It was found that binding of LC3A to CL was stronger than that of LC3B; 

both proteins showed a similar ability to colocalize with mitochondria upon induction of CL externalization 

in SH-SY5Y cells. Besides, the double silencing of LC3A and LC3B proteins was seen to decrease CCCP- 

induced mitophagy. Residues 14 and 18 located in the N-terminal region of LC3A were shown to be 

important for its recognition of damaged mitochondria during rotenone- or CCCP-induced mitophagy. 

Moreover, the in vitro results suggested a possible role of LC3A, but not of LC3B, in oxidized-CL 

recognition as a counterweight to excessive apoptosis activation. In the case of LC3C, even if this protein 

showed a stronger CL binding than LC3B or LC3A, the interaction was less specific, and colocalization of 

LC3C with mitochondria was not rotenone dependent. These results suggest that, at variance with LC3A, 

LC3C does not participate in cargo recognition during CL-mediated-mitophagy. The data support the notion 

that the various LC3-subfamily members might play different roles during autophagy initiation. 
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The organisation of the eukaryotic cell plasma membrane is highly complex and many open questions remain. 

Especially, the role of membrane heterogeneity and the interplay between the vast amount of lipids and 

proteins metabolised by cells is poorly understood. One of the main reasons for this knowledge gap is the 

lack of adequate techniques to investigate membranes. Microscopy techniques suffer from low spatial and 

temporal resolution, hampering the study of the nanometric-sized molecules that form membranes and interact 

with each other in the sub-second range. In the case of fluorescence microscopy, the diffraction of light limits 

spatial resolution, while the signal-to-noise ratio is the main hindrance to temporal resolution. MINFLUX 

microscopy is a novel technique that surpasses both these limitations by relying on minimal photon signals and 

microsecond/nanometre control of the excitation laser. Here, we showcase the potential of MINFLUX to study 

the motion of lipids. We show that single fluorescent lipid analogues can be tracked with nanometre precision 

and sub-millisecond resolution in live cells and artificial membrane systems. Moreover, we use novel 

polarity- sensitive dyes that report on molecular order, to simultaneously quantify lipid diffusion and 

membrane packing with single-molecule resolution. Last, we discuss the potential and limitations of 

MINFLUX microscopy for 3D lipid tracking. 
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SARS-CoV-2 is an encapsulated virus responsible for a lethal respiratory illness since its outbreak at the end 

of 2019. It consists of a lipid envelope and a set of structural membrane proteins that include the envelope 

(E), membrane (M) and spike protein (S), which are responsible for virion assembly. Interestingly, the fusion 

domain of S triggers the fusion between viral and host membranes, initializing the infection. However, the 

molecular mechanism regulating this process has not deeply understood. Our approach has been to study the 

interaction of several putative fusion peptides (FPs) at or near the N-terminus of S2 subunit with model 

membranes in the form of monolayers, bilayers and small unilamellar vesicles composed of both synthetic 

lipids and natural lipids extracted from yeast cells. Structural information from specular neutron 

reflectometry and small angle neutron scattering, complemented by dynamics information from quasi-elastic 

and spin-echo neutron spectroscopy, revealed that FPs assume different functions in the initiation of viral 

infection. The results obtained here especially shed light on the critical role of FP1 (the N-terminal of the 

Spike fusion domain), which is able to fully penetrate the membrane in a calcium dependent manner, as well 

as increases the dynamics of the lipid acyl chains on a picosecond time and Angstrom length scale, and FP4, 

whose high binding affinity enables it to work as a bridge between membranes. 

 

Finally, our data are of interest not only in the context of the current Covid-19 pandemic, but also provide a 

powerful interdisciplinary framework for future investigations of eukaryotic and viral fusion mechanisms. 
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Nuclear Pore Complexes (NPCs) are portals for the nucleocytoplasmic transport of macromolecules. Here we provide 

the most comprehensive picture of the NPC in any organism to date. We resolved the structure of the inner ring at ɑ-helical 

resolution with cryo-EM, providing insights into flexible connectors that tie together different structural and functional 

layers. Moreover, we show that some nucleoporins and soluble transport factors use similar interaction motifs which 

suggests that they co-evolved from common ancestors. In addition, large scale pleomorphism contributes to three NPC 

variants that foreshadow functional adaptations at the nuclear periphery. Cryo-electron tomography extended these 

studies to provide a nearly complete model of the in situ NPC with a radially-expanded inner ring. This model includes 

nuclear basket anchors, connections to FG domains in the central channel and membrane contact sites. Together, the data 

highlight the structural redundancy and plasticity that underlies the function of this remarkable transport machine.  
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During embryogenesis, dramatic tissue reorganization occurs under the control of specific signaling pathways. 

Mechanical forces are coordinated in order to rearrange biological tissues and shape organs. The mechanisms 

at the origin of the generation and regulation of these forces during development to ensure correct cell 

positioning and tissue shaping remain elusive. Using Drosophila as a model system, my group is interested in 

understanding the principles underlying the control of fundamental modes of tissue remodeling such as 

epithelial contraction, tissue spreading or folding during development. Here, I will present recent works on 

the control of tissue mechanics during epithelial sealing. I will introduce newly developed methods to probe 

tissue mechanics and mechanical forces in vivo1. I will then present our current understanding on how tissue 

mechanics is controlled and cellular forces are generated to promote the sealing of epithelial tissues during 

embryonic development, encompassing the control of cell-cell junctional length, the consequent epithelial 

remodeling and regulation of sealing2,3. I will finally show our latest results on the control of epithelial 

mechanics during tissue stretching and wound healing and eventually discuss recent multidisciplinary 

approaches developed in the lab to address new arising questions in the biophysics of multicellular systems4. 
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Cancer is a set of heterogeneous diseases caused by the accumulation of genetic alterations that transform 

normal cells in cancer cells. These alterations frequently involve specific genes called cancer driver 

genes. Some driver genes are associated with different cancer types in multiple tissues, but the majority 

acts only in a small number of tissues. Cancer tissue specificities also manifest in the formation of 

metastasis. Tumors originating in different primary sites tend to form distant metastasis more frequently in 

some tissues than in others, generating organotropism patterns. We hypothesized that different protein 

physical interactions across tissues can contribute to cancer tissue specific effects. Each protein function 

is conditioned by physical interactions with other proteins. Protein interactions are required for the 

formation of functional complexes, correct subcellular location or, for example, post-translational 

modifications regulation. 

 

We used GTEX tissue gene expression to filter global protein physical interaction networks and produce 

tissue specific interactomes. We collected information on cancer driver genes and their associated 

primary sites from the NCG database. This allowed us to compare network topological parameters of 

cancer driver genes across tissue interactomes. We also collected inter-cellular protein interactions from 

Omnipath and compared the active inter- cellular interactions across tissue pairs, including metastasis 

organotropism pairs. 

 

We found that cancer driver genes associated with more tissues tend to have a higher number of protein 

interactions. Moreover, driver genes associated with 6 or more tissues have, on average, more 

interactions in tissues where they act as drivers than in other tissues. We also observed that pairs of tissues 

more frequently involved in metastasis formation (organotropism pairs) tend to have a higher number of 

active inter-cellular protein interactions than other tissue pairs. 

 

Collectively, these observations suggest that protein physical interactions influence the role of proteins 

both as cancer drivers and its probability of success on metastasis development. 
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Cancer is considered a major challenge for the next decade in Europe, and also over the world. Developing 

strategies for the simultaneous diagnosis and treatment has been considered as promising tools to fight cancer. 

For this, the development of nanomaterials incorporating prototypic near infrared (NIR)-light responsive 

probes, such as heptamethine cyanines, have been showing very promising results. [1, 2] The heptamethine 

cyanine-incorporating nanomaterials can be used for tumor’s visualization, and upon interaction with NIR 

light, can also produce a photothermal/photodynamic effect (PTT/PDT) with a high spatio-temporal resolution 

and minimal side effects, leading to an improved therapeutic outcome. 

In this work, we studied the Interaction of NIR-light responsive probes with lipid membrane models by 

molecular dynamics simulations. A detailed characterization of the location, orientation and local perturbation 

effects on the lipid bilayer was achieved. The obtained results are expected to complement the information about 

the optical properties of the NIR probes helping to choose the most suitable for the desired application or 

eventually to guide the design of probe modifications for an optimal interaction with tumor cell membranes. 
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As they perform important processes, living systems constantly dissipate energy. These processes frequently 

result in sophisticated behaviors that can be classified as non-thermal processes due to their ordered and self-

organized dynamics. Non-equilibrium activity is clearly required for life to exist, but how to detect and 

quantify such non-equilibrium dynamics in biological systems remains unclear. 
 

Experimental evidence suggests the existence of large-scale correlated motion of chromatin inside the nuclei 

of live differentiated cells. In this work, we describe an active-poroelastic framework to describe an active-

elastic solid (chromatin) coupled to a permeated fluid. We incorporate the active stress into a two-phase 

model which accounts for the spatiotemporal dynamics of the chromatin and nucleoplasm. Both passive 

thermal fluctuations and active scalar events, such as condensation and decondensation, which are referred 

to as spikes, have an impact on this system. In this work, we simulate the coupled set of equations showing the 

existence of emergent processes. 
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Protein β2-microglobulin (β2m) is the causing agent of two amyloidosis, dialysis related amyloidosis (DRA), 

affecting the bones and cartilages of individuals with chronic renal failure undergoing long-term 

hemodialysis, and a systemic amyloidosis, found in one French family, which impairs visceral organs. The 

protein’s small size and its biomedical significance attracted the attention of theoretical scientists, and there are 

now several studies addressing its aggregation mechanism in the context of molecular simulations. Here I will 

present an integrated computational methodology to explore the dimerization phase of β2m aggregation, which 

combines MD simulations (discrete MD and constant pH MD) with protein-protein docking simulations (1). 

I will show that this simulation approach is able to recapitulate experimental data and provide predictions 

regarding the monomers that trigger self- association and dimers able to growth into fibrils (2). 
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Spatial segregation in the cell can be achieved through the formation of protein-rich liquid-like dense bodies, 

termed biomolecular condensates or liquid droplets, through a process known as liquid-liquid phase 

separation (LLPS). Emerging evidence supports the hypothesis that aberrant protein-driven LLPS and the 

transition of the liquid droplets to solid-like structures might be a relevant cellular pathway leading to the 

formation of amyloid, toxic aggregates that are often a hallmark of relevant neurodegenerative diseases. A 

number of experimental studies have highlighted the flexible, typically disordered and ‘multivalent’ nature 

of the constituent proteins in these liquid-like condensates, although less is known about the particular 

molecular determinants governing the growth and maturation of these condensates into more solid-like states. 

While the LLPS process of Tau, the protein that is generally associated with Alzheimer´s disease, has been 

recently clarified, that of alpha-synuclein (αS), the protein linked to Parkinson´s disease, remains obscure. In 

this talk, I will show our recent findings that demonstrate that αS actively phase-separates into liquid 

condensates by electrostatic complex coacervation with positively charged polypeptides such as Tau. By 

combining a set of advanced biophysical techniques, we have been able to characterize αS/Tau LLPS and 

identified key factors leading to the co-aggregation of both proteins inside the coacervates. Depending on the 

affinity of αS for the poly-cation and the extent of valence exhaustion, the heterotypic condensates undergo 

either fast gelation or slow coalescence followed by the sporadic nucleation of amyloid aggregation. The 

mechanism of co-aggregation between αS and Tau that we have identified could be the basis for the in vivo 

formation of αS/Tau hetero-aggregates observed in the brains of patients suffering from synucleinopathies. 
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Viral and bacterial infections begin through a bonding process between the microbe and the host that has a 

strong physical component. Both viruses and bacteria use proteins to adhere mechanically even under 

conditions of very high opposing forces such as blood, urine or air flow. The proteins used for anchoring are 

specially designed to resist these high mechanical forces, and the bonds they establish are often true 

molecular engineering phenomena. 

 

However, this mechanical component has traditionally been ignored and although these mechanical anchors 

have been studied, they have never been a true therapeutic target. In our laboratory, we study microbial 

infections using single-molecule and single-cell techniques that allow us to study the physical phenomenon 

of bacterial infection and how it can be combated using purely mechanical tools. These techniques allow us 

to understand with high precision how strong the union of an individual bacterium is and to decipher its 

adhesion mechanism in the initial moments of the infection. Likewise, we use advanced computational 

techniques to search for and design molecules capable of modifying the mechanical resistance of bacterial 

adhesion. These mechano-regulatory molecules are intended to be molecules capable of acting on the 

physical properties of proteins involved in infections. In this presentation, I will focus on the bacteria 

Staphylococcus aureus that causes the heart infection endocarditis. We aim to connect biophysics with 

microbiology and clinical research. 
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Deviations from the law of Brownian motion, typically referred to as anomalous diffusion, are ubiquitous in 

science and associated with non-equilibrium phenomena, flows of energy and information, and transport in 

living systems. 

In the last years, the booming of machine learning has boosted the development of new methods to detect 

and characterize anomalous diffusion from individual trajectories, going beyond classical calculations based 

on the mean squared displacement. We thus designed the AnDi challenge (www.andi-challenge.org), an open 

community effort to objectively assess the performance of conventional and novel methods.1 

For the competition, we developed a python library for generating simulated datasets according to the most 

popular theoretical models of diffusion. We evaluated 16 methods over 3 different tasks and 3 different 

dimensions, involving anomalous exponent inference, model classification, and trajectory segmentation. 

Furthermore, we analyzed the predictions provided by these methods for several experimental datasets 

obtained from live-cell single-molecule imaging of molecules in the nucleus, cytoplasm, and plasma 

membrane.1 

Our analysis provides the first assessment of methods for anomalous diffusion in a variety of realistic 

conditions of trajectory length and noise. The study further highlights anomalous diffusion's role in defining 

the biological function while revealing insight into the field's current state and providing a benchmark for 

future developers. 

 

References 

 

(1) Muñoz-Gil, G.; Volpe, G.; …; Lewenstein, M.; Metzler, R.; Manzo, C. Nat. Commun. 2021, 12, 6253. 

  

mailto:carlo.manzo@uvic.cat


[57] 
 

S8.OC2 DNA nanorotors for ultrafast twist measurements 

 

JULENE MADARIAGA-MARCOSa, Dominik J. Kauerta and Ralf Seidela. 

a Peter Debye Institute for Soft Matter Physics, Universität Leipzig, Leipzig 04103, Germany. 

julene.madariaga_marcos@uni-leipzig.de 

 

Keywords: Single-molecule ● Magnetic Tweezers ● DNA-origami ● Energy landscapes 

 

DNA-protein interactions are key for many cellular processes. The scenario of DNA-protein interactions 

takes place at the nanometer length-scale, comprises forces of the order of pN and typical timescales are in 

the order of ms. Consequently, energy scales are in the scale of thermal fluctuations (kBT). Single-molecule 

techniques have enabled to measure DNA-protein interactions and dynamics one molecule at a time with a 

resolution of several nm (or several DNA base-pairs) per ms. To overcome the limits of the currently available 

techniques, we developed ultrafast twist measurements based on DNA origami nanorotors to study proteins 

that modify the twist of DNA at the single-molecule level with near base-pair resolution (Figure 1). Our 

measurements also allow revealing the specific energy landscape of the studied process. We recently probed 

the dynamics and energetics of CRISPR-Cascade R-loop formation with near-bp resolution with our 

measurements, revealing new details on Cascade- DNA interactions.1 We have now optimized our nanorotors 

to resolve 1 bp/ms, with the potential of studying DNA-protein interactions with unprecedentedly high 

spatiotemporal resolution. 
 

 

 

Figure 1. Schematics of the experimental configuration of the DNA nanorotor-based ultrafast twist 

measurements and representative trace of XY projection of the rotor displacement. 
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The second messenger bis-(3′,5′)-cyclic diadenosine monophosphate (c-di-AMP) is the only one known to be essential 

for many bacteria, including pathogens [1]. This nucleotide has roles in the regulation of central metabolism, DNA 

integrity, osmotic adaptation, cell wall and biofilm formation, and virulence [2]. Importantly, c-di-AMP has been 

proposed to participate in the regulation of intracellular K+ concentration, by inhibiting K+ importers and activating K+ 

exporters [3]. However, there is still poor quantitative evidence supporting the direct impact of c-di-AMP on K+ 

transporters. 

We are studying the K+/H+ antiporter, KhtTU, from Bacillus subtilis in order to gain a detailed understanding of the role 

of c-di-AMP in regulating K+ homeostasis. Using an in vitro fluorescence-based flux assay with inverted membrane 

vesicles containing the transporter, we have shown that c-di-AMP activates KhtTU in a pH-dependent manner. We have 

determined the crystallographic structure of the soluble regulatory subunit KhtT in complex with c-di-AMP, revealing a 

dimeric protein that binds c-di-AMP at the C-terminal domain and the N-terminal domain displays an atypical 

architecture. Our biochemical studies have suggested that although the N-terminal domain is required for KhtT-KhtU 

interaction it is less efficient than that of the full-length KhtT. In addition, binding of c-di-AMP to KhtT weakens the 

KhtT-KhtU interaction. Finally, we analyzed the impact of KhtTU in its native bacterium and provided a physiological 

context for the regulation of c-di-AMP and pH. Overall, our data provides important insights into the regulatory 

mechanism of KhtTU by c-di-AMP and strongly support the model in which c-di-AMP directly controls the activity of 

K+ transporters. 
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A full understanding of how membrane proteins fold to their native state within biological membranes is a 

problem that remains open. In a simplistic view, biological membranes can be divided in two regions based 

on physicochemical properties, the highly hydrophobic core formed mainly by the lipid acyl chains and the 

interfaces on both sides of this central region that contains the polar head groups. The combined thickness of 

the interfaces is similar to the thickness of the hydrophobic core (~30Å), then a single interface can easily 

accommodate unfolded and folded polypeptide chains. Recent structural and mechanistic data have provided 

detailed insights on the insertion into the hydrophobic core 1,2, but the precise details behind the recognition 

of interfacial sequences are still obscure. A fundamental requirement for a quantitative characterization of 

protein sliding and folding in membrane interfaces is a suitable interfacial hydrophobicity scale. In this talk, 

we present such a scale for the twenty natural amino acids derived from quantitative measurements (apparent 

free energies (ΔGapp)) of the translocon-mediated protein integration pathway into the ER membrane. 
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G protein-coupled receptors (GPCRs) are membrane proteins present in all major organs and the target 

for >30% of the currently approved drugs. GPCRs detect extracellular stimuli and transduce the information 

across biological membranes by coupling to and activating heterotrimeric G proteins and arrestins. There 

are four families of G proteins, each activating/inhibiting a signaling cascade (GS, Gi/O, Gq/11, G12/13). GPCRs 

can be selective, activating a single G protein, or promiscuous, where they can activate multiple G proteins 

with different efficacies. Around 50% of GPCRs are estimated to be promiscuous, yielding a cellular 

signaling fingerprint. Here, I will describe the strategies used to trap the transient GPCR-G protein active 

states for biophysical research. I will then provide a summary of our work aimed to understand GPCR-G 

protein specificity using cryo-electron microscopy, as well as some of our recent analysis to understand 

GPCR-G protein promiscuity. 
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The soil bacterium Myxococcus xanthus lives in colonies of millions of cells that migrate on surfaces. When 

nutrients are scarce, the colony develops droplet-like multicellular aggregates called fruiting bodies, which 

allow cells to resist starvation. To build these three-dimensional structures, M. xanthus cells cooperate to 

sequentially add new cell layers on top of an original cell monolayer. However, how new cell layers form is 

poorly understood. We find that, in each layer, the rod-shaped bacterial cells are densely packed, aligned with 

neighboring cells, and motile. Thus, the colony forms an active nematic liquid crystal. We show that new cell 

layers preferentially form at topological defects, i.e., points at which cell alignment is lost. Defects with 

topological charge +1/2 and -1/2 lead to the formation of new layers and new holes, respectively. We explain 

these findings by modeling the bacterial colony as an extensile active nematic fluid with anisotropic friction. 

In agreement with our experimental measurements, the model predicts an influx of cells toward +1/2 defects 

and an outflux of cells from −1/2 defects. Our results suggest that cell motility and mechanical cell-cell 

interactions are sufficient to promote the formation of cell layers at topological defects, thereby seeding 

fruiting bodies in the bacterial colony. Thus, our work shows how bacteria exploit the physics of active matter 

in their collective response to starvation. 

 

References 

(1) Copenhagen, K.; Alert, R.; Wingreen, N.S.; Shaevitz, J.W. Nat. Phys. 2021, 17, 211-215. 

  

mailto:ralert@pks.mpg.de


[62] 
 

 

 

  

IV     Posters 

 

P1 New and Notable Biophysics - Special Session - High Impact work from Spain         and 

Portugal ................................................................................................................................ 63 

P2       Biophysics and Biomedicine (Biophysics and Health) ............................................................... 64 

P3       Protein Structure, Dynamics and Function ............................................................................... 89 

P4       Nucleic Acids and Supramolecular Complexes ........................................................................ 123 

P5       Cell and Tissue Biophysics ...................................................................................................... 132 

P6       Membrane Structure and Function ........................................................................................ 148 

P7       Systems Biophysics ................................................................................................................ 164 

P8       Biological Physics ................................................................................................................... 165 

P9       Receptors, Channels and Transporters ................................................................................... 175 

 



[63] 
 

 

 

 

 

 

 

 

 

 

 

Date: Tuesday, 21st June 2022 

 

P1.1 Liquid-liquid phase separation from composition alone 

 

David De Sanchoa. 
a University of the Basque Country & Donostia International Physics Center. 

david.desancho@ehu.eus 

 

Keywords: erythrocyte ● amyotrophic lateral sclerosis ● fibrinogen ● survival 

Amyotrophic lateral sclerosis (ALS) is an aggressive neurodegenerative disorder, affecting motor neurons1–

3. It is related with neuroinflammation, which is associated with increased risk of thrombosis4. Erythrocytes 

have a fundamental role in binding to inflammatory mediators. Changes on erythrocytes have severe 

effects on cell functionality5. Erythrocyte aggregation, together with fibrinogen, have pathogenic implications 

in thrombus formation6, promoting thrombotic events5. Using atomic force microscopy (AFM), we aimed to 

study the morphological, biomechanical and biophysical properties of erythrocytes from ALS patients. We 

also evaluated changes on ’ fibrinogen plasma levels (an in vivo variant of fibrinogen) as possible biomarker 

of ALS, and to test its role as a predictor of disease progression and survival. Our results show that erythrocytes 

from ALS patients are thicker and have less membrane roughness than those from healthy blood donors. In 

addition, they are less stiff than the erythrocytes from the control group. The haemorheological parameters of 

ALS patients seem to be altered, potentially promoting changes on blood flow. Erythrocytes from ALS patients 

have higher tendency to aggregate. The blood from ALS patients is more viscous. These results could 

comprise prognostic value given that erythrocytes are very adaptive cells, according to the different 

pathophysiological conditions. Moreover, there is a link between ’ fibrinogen concentration and survival in 

ALS patients: patients with higher ’ fibrinogen plasma levels survived longer, and this finding was not 

influenced by confounders like age, gender, respiratory impairment or functionality (ALSFRS-R score)4. 

Early diagnosis through the identification of ALS biomarkers is the most promising approach in ALS 

research. 
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Amyotrophic lateral sclerosis (ALS) is an aggressive neurodegenerative disorder, affecting motor neurons1–3. It is related 

with neuroinflammation, which is associated with increased risk of thrombosis4. Erythrocytes have a fundamental role 

in binding to inflammatory mediators. Changes on erythrocytes have severe effects on cell functionality5. Erythrocyte 

aggregation, together with fibrinogen, have pathogenic implications in thrombus formation6, promoting thrombotic 

events5. 

Using atomic force microscopy (AFM), we aimed to study the morphological, biomechanical and biophysical properties 

of erythrocytes from ALS patients. We also evaluated changes on ’ fibrinogen plasma levels (an in vivo variant of 

fibrinogen) as possible biomarker of ALS, and to test its role as a predictor of disease progression and survival. 

Our results show that erythrocytes from ALS patients are thicker and have less membrane roughness than those from 

healthy blood donors. In addition, they are less stiff than the erythrocytes from the control group. The haemorheological 

parameters of ALS patients seem to be altered, potentially promoting changes on blood flow. Erythrocytes from ALS 

patients have higher tendency to aggregate.The blood from ALS patients is more viscous. These results could comprise 

prognostic value given that erythrocytes are very adaptive cells, according to the different pathophysiological conditions. 

Moreover, there is a link between ’ fibrinogen concentration and survival in ALS patients: patients with higher ’ 

fibrinogen plasma levels survived longer, and this finding was not influenced by confounders like age, gender, 

respiratory impairment or functionality (ALSFRS-R score)4. Early diagnosis through the identification of ALS 

biomarkers is the most promising approach in ALS research. 
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Many myocardial pathologies are caused by inherited genetic mutations that result in anatomical alterations 

and compromised cardiac function. In humans, the missense variant R502W in cardiac myosin-binding protein 

C (cMyBP-C) is the most frequent mutation leading to hypertrophy cardiomyopathy (HCM). However, the 

molecular mechanisms sustaining pathogenicity of variant R502W remain unknown, since both cMyBP-C’s 

mRNA and protein structure have been proposed not to be perturbed by the mutation. Using CRISPR/Cas9-

based genetic engineering, we have generated a knock-in mouse model that harbors the R502W mutation in 

murine cMyBP-C, and characterized the resulting cardiac phenotype. Using echocardiography and magnetic 

resonance imaging, we detect thicker trabeculae, altered ventricle geometry, reduced left ventricular systolic 

function and diastolic dysfunction in homozygous R502W mice. We also observe higher heart weight to tibia 

length ratio starting at 18 weeks of age. Fibrosis and hypertrophy at the cardiomyocyte level were detected at 

the same age. Interestingly, biochemical analysis shows that cMyBP-C mRNA and protein levels are not 

altered by the mutation. Myosin conformations appear largely unaffected in homozygous KI mice. We propose 

that pathogenicity of the R502W mutation stems from mechanisms that do not involve cMyBP-C 

haploinsufficiency or alteration of myosin conformations. We expect that further investigation of R502W mice 

will shed light on the molecular triggers of HCM caused by the many cMyBP-C point mutations that do no 

lead to protein haploinsufficiency. 
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Failures in replication of human mitochondrial DNA (mtDNA) lead to a mitochondrial dysfunction and severe 

mitochondrial diseases. mtDNA replication is carried out by an intricate protein machinery called the 

replisome. Within these proteins, the DNA helicase Twinkle is the molecular motor that using ATP as fuel 

unwinds the double stranded DNA fork ahead of the replisome. Despite the relevant role in human health, little 

is known about its DNA unwinding mechanism and how is modulated by its partners at the replisome. Here, 

we use the single- molecule manipulation technique of Optical Tweezers to investigate the dynamics and 

mechano-chemistry of Twinkle operation on single DNA molecules. Our results indicate that, in contrast with 

related helicases, Twinkle interacts intimately with both strands of DNA during unwinding. We hypothesized 

that Twinkle unwinding mechanism occurs via steric exclusion or/and steric exclusion and wrapping model. 

In addition, we show how the unwinding mechanism of Twinkle is modulated by the other components of the 

minimal mitochondrial replisome. Our results suggest that Twinkle plays a key role in governing the advance 

of the replisome through DNA. 

 

 

Figure 1. Single-molecule Twinkle unwinding assay. A) In the optical tweezers, a single DNA hairpin (521 bp) is tethered 

between two functionalized beads and held at constant tension (f). One strand of the hairpin is connected to an anti-

digoxigenin bead (orange antibody) in the optical trap (red) through a dsDNA handle functionalized with Digoxigenin-

11-UTP (black triangle). The other strand (the 5’ end of the hairpin) is attached to a bead on a micropipette by biotin-

streptavidin linkages (orange-purple) (and provides a 30 nt poly-dT site for Twinkle binding). Unwinding activities by 

Twinkle were detected as an increase in the end-to-end extension of the hairpin ( x) due to the advance of Twinkle against 

the fork. B) Experimental trace of Twinkle. 
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Muscle contraction is the clearest biological example of mechanosensing and mechanotransduction and 

mutations that affect sarcomeric proteins such as the molecular spring titin are a common cause of 

cardiomyopathies and congenital myopathies. While several titin mouse models exist providing essential clues 

on titin´s molecular function and signaling landscapes, they still cannot discriminate between the mechanical 

and non-mechanical functions of titin in skeletal muscle
1-2

. In order to specifically assess the implication of titin´s 

mechanical role in myotube differentiation and skeletal muscle architecture and function, we plan to overexpress 

TEV protease in vivo in primary cultured myotubes and skeletal muscles of mice carrying a TEV cleavage site 

and a Halo-Tag module knocked-in in titin (TEV-Halo-titin mice)
3
. 

So far, we have extracted satellite cells from TEV-Halo-titin mice. These cells can be differentiated to myotubes 

in vitro. Several adeno-associated virus (AAV) expressing TEV protease will be used to infect cells at different 

times during differentiation and the best conditions for TEV expression will be assessed by fluorescence 

microscopy. The effects of titin mechanical loss-of-functions on differentiation and stiffness will be assessed 

by gene expression and atomic force microscopy, respectively. In vivo, we have started to study tibialis anterior 

and extensor digitorum longus muscles from AAV-infected TEV-Halo-titin mice at the structural (histology), 

functional (contraction and stiffness) and molecular level (omics). As an expected result of our research, 

we will chronographically pinpoint the mechanical contribution of titin in muscle differentiation potentially 

uncovering the mechanical fingerprint of titin in the onset of different congenital myopathies. 
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Aquaporins (AQPs) are transmembrane proteins that facilitate the diffusion of water, glycerol and other small 

solutes across cell membranes. The aquaglyceroporin AQP3 was found to be overexpressed in human cancer 

cells and tissues, including melanoma [1]. Due to its involvement in cancer cell proliferation and migration, 

AQP3 has emerged as a promising therapeutic target for cancer, prompting the discover of AQP modulators 

with anticancer properties. The gold compound Auphen was reported as a potent AQP3 inhibitor [2], affecting 

cell proliferation in AQP3-expressing cells [3]. Here, we tested a series of gold compounds resulting from 

Auphen modifications as an attempt to boost potency and selectivity towards AQP3 and investigate their 

impact on melanoma cell migration. The inhibitory effect of gold compounds on aquaglyceroporin-mediated 

glycerol permeability was evaluated in yeast cells transformed with a plasmid encoding individually human 

aquaglyceroporin paralogs (AQP3, AQP7, AQP9 and AQP10) through stopped-flow fluorescence. The 

compounds effect on melanoma cell viability and cell migration was assessed by MTT assay and wound 

closure assay, respectively. Permeability assays showed that RBA29 and CCON were the most potent AQP3 

inhibitors, although weaker than Auphen, followed by CCH2N and CNHN, with STAM013 exhibiting a weaker 

effect. Moreover, RBA29, CCON and CCH2N significantly inhibited AQP10 glycerol transport, as Auphen, 

showing weaker effect on AQP7 and AQP9. The effect of gold compounds on melanoma cell migration, 

where AQP3 is highly expressed, revealed RBA29 and CCON as the strongest inhibitors (impairment of 74.3% 

and 73.6%, respectively), followed by CNHN (52.4%). STAM013 and CCH2N almost did not affect cell 

migration suggesting that gold compounds impact on cell migration might be due to their ability to inhibit 

AQP3. Therefore, our data revealed RBA29 and CCON as novel potent AQP3 inhibitors that strongly impair 

melanoma cell migration, unveiling their potential as anticancer drugs in tumors with high level of AQP3 

expression. 
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Saliva is a complex substance produced by salivary glands of the oral cavity, which includes in its 

composition a large variety of proteins and lipids. It is well known that saliva acts in the digestive process, 

but it also exhibits innate immune functions and surface-active properties, lowering the surface tension in 

fluids and facilitating secretion flows, due to the presence of proteins such as pulmonary surfactant proteins 

(SPs). Surface activity in saliva could be related with the capabilities of formation and stabilization of 

aerosols, a recently established pathway for pathogenic collective infectivity. In this study, we wanted to 

analyze the presence of SPs and the lipid composition of human saliva and its correlation with its surface-

activity properties. Through Western Blot we have been able to detect the presence of surfactant proteins SP-

A, SP-B and SP-C, but not SP-D, and we also detected the presence of precursors of SP-B (ProSP-B) and 

SP-C (ProSP-C). We have analyzed the distribution of protein content in human saliva in a cohort of voluntary 

people using the BCA protein assay, and the phospholipid content through a phosphatidylcholine enzymatic 

assay. We have detected a large variability of protein and lipid concentrations, depending on the timing of 

sample collection, the immune status of the person and other factors. Finally, we determined that the presence 

of these surface-active elements does support surface-active properties in saliva using different biophysical 

tests. Our study suggests a relationship between the presence of SPs in human saliva and its surface-active 

properties, which could determine a potential to form aerosols. This should be analyzed in the future in the 

context of the presence of a respiratory pathogen such as SARS-CoV-2, and the possibility that oral aerosol 

production could influence infectivity. 
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Pulmonary surfactant (PS) is a membrane based lipid-protein complex that forms films at the respiratory 

air/liquid interface, reducing the surface tension and thus minimizing the work of breathing. Since PS 

alterations have been described in non-COVID-19 direct ARDS as a result of the disease, PS might also play 

a major role in the severity of COVID-19 disease, which frequently leads to ARDS. This is the first ex vivo 

study that evaluates PS adsorption into air-liquid interfaces and the changes in the maturation, amount and/or 

oligomerization state of PS proteins, as a measure of the surfactant biophysical function, in COVID-19- 

related ARDS. 

Bronchoalveolar lavages (BAL) were collected from 40 patients divided in 3 groups: (1) COVID-19-related 

ARDS patients, (2) patients without COVID-19 but with affected lungs due to various lung diseases and (3) 

patients without COVID-19 or any other lung disease. The biophysical properties of PS in BAL were assessed 

by an in-lab developed Surfactant Adsorption Test, in which fluorescently labeled-PS is injected into a 

quenching solution, so that surfactant fluorescence can only be detected once it adsorbs at the air-liquid 

interface and escapes from the quenching environment. PS protein levels were analyzed by Western Blot. 

BAL cell count was performed by flow cytometry. Results were normalized by phosphatidylcholine (PC) 

total amount. 

Like in other forms of ARDS, the neutrophil/lymphocyte ratio measured in the BALs was significantly higher 

in COVID-19-related-ARDS group compared with the control group. Though no significant differences were 

observed in BAL total PC among the three groups, PS adsorption and accumulation at the air-liquid interface 

were significantly impaired in COVID-19-related ARDS patients compared to the other two groups, 

indicating a poor biophysical activity. However, no significant differences were detected between COVID-

19- related-ARDS patients in acute or recovery phases, for both cell ratio and PS activity. Furthermore, a 

variation in the amount of PS proteins was also observed in BAL of COVID- 19-related ARDS. These results 

support the idea that PS impairment has a role in the severity of COVID-19 onset leading to ARDS. 
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Pulmonary delivery of nanoparticles is complex, because inhaled nanoparticles have to overcome barriers 

related to geometry and physiological conditions in the lungs. Pulmonary surfactant (PS) represents a main 

biological barrier after deposition of particles in the lower airways, which influences the retention time of 

inhaled particles and determines the overall pulmonary drug bioavailability. Lipidoid-polymer hybrid 

nanoparticles (LPNs) display an unprecedented ability to deliver nucleic acids to cells in vitro and in vivo1,2. 

Recently, we formulated dry powder inhaler formulations containing tumor necrosis factor (TNF)-α small 

interfering RNA (siRNA)-loaded LPNs with chemically intact siRNA, chemical integrity and aerosolization 

properties optimal for inhalation therapy of lung inflammation. NPs interactions with PS are expected to be 

crucial in determining the toxicological profile and fate of inhaled NPs. However, little is known about how 

NPs interact with PS, and whether NPs have adverse effects on the biophysical function of PS. 

In this study, the aim was to investigate the biophysical interaction between PS and LPNs using a variety of in 

vitro biophysicochemical characterization techniques, e.g., cryo-TEM, thermostatized Langmuir–Blodget 

balances, and epifluorescence microscopy. The results indicated that the lipidoid facilitates the incorporation 

of LPNs in PS interfacial films without significantly influencing the surface behavior of PS at physiologically 

relevant conditions. This effect may be somehow related to the compression-driven exclusion of the 

nanomaterial from the interfacial film. The LPN-PS interactions may not only provide new insight into the 

toxicological study of nanoparticles but also shed light on the feasibility of NPs-based pulmonary drug 

delivery. 
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Human Immunodeficiency Virus type-1 (HIV-1) antibodies that engage with the carboxy- terminal section 

of the Env glycoprotein (Env) membrane-proximal external region (C-MPER) are among the broadest 

neutralizing antibodies discovered so far. Therefore, a pursued goal in the HIV vaccine field is to resolve the 

Env structures and the mechanisms that underpin the production of antibodies with C-MPER specificity. 

Here, to delineate more precisely the requirements for the molecular recognition of C-MPER in a membrane 

environment, we have reconstituted C-MPER-TMD helices that differed in length, in lipid bilayers with 

variable thicknesses, and compared their binding to the C-MPER recognizing antibody 10E8. We found that 

adding a helical turn within the membrane-spanning sequence not only did not destabilize the overall fold of 

the C-MPER-TMD constructs reconstituted in membranes, but enhanced significantly and consistently 10E8 

epitope recognition as a function of the bilayer thickness. Furthermore, Force Spectroscopy measurements 

comparing 10E8 binding to an interfacial MPER helix vs. the nominal C-MPER-TMD construct reconstituted 

in lipid bilayers, supported a ‘pole’-like model for the optimal recognition of the C-MPER epitope in 

membranes. We surmise that MPER epitope exposure depends on the length and sequence of the membrane- 

buried scaffold and, therefore, engineering this moiety can open up unexplored avenues for the optimization 

of MPER-based vaccines. 
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The presence of nanometer-sized polystyrene in the environment can occur due to mechanical breakdown, 

UV degradation and/or biodegradation of bulk polystyrene but also due to accidental release of chemically 

synthetized polystyrene nanoparticles (PS-NPs). 

 

In vivo and in vitro studies demonstrate PS-NPs capacity to induce several eco- and toxicological effects via 

cellular uptake and interaction with cell membranes, among others. However, the molecular mechanisms 

behind PS-NPs-membrane interaction are still under investigation, especially considering that the dimensions 

of most nanoparticles exceed considerably the typical bilayer thickness. 

 

Our study focuses on plain PS and surface modified amino (PS-NH2) or carboxylated (PS- COOH) NPs. 

Their interactions with phospholipid membranes mimicking cell membranes are investigated by Dynamic 

light scattering (DLS), quartz crystal microbalance with dissipation monitoring (QCM-D) and planar bilayer 

electrophysiology. DLS provides the colloidal characterization of nanoparticle suspensions (ζ-potential, size 

and polydispersity) and demonstrates that the samples are not aggregated in the experimental conditions 

explored. QCM-D experiments show that the three types of nanoparticles adsorb onto lipid bilayers creating 

soft inhomogeneous films that include disordered hydrophilic defects. Furthermore, the combination of 

different electrophysiological parameters provides new insights on the conductive nature of the observed 

defects, the participation of PS NPs in their structure, and the role of nanoparticle charge and 

functionalization. Altogether, our results suggest that NPs- induced toxicity in cells could operate in more 

subtle ways than membrane disintegration, such as inducing lipid reorganizations and transmembrane ionic 

fluxes that disrupt the membrane potential. 
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Antimicrobial peptides (AMPs) and ionic liquids (ILs) represent attractive classes of molecules to fight multi-

drug resistant (MDR) bacteria. AMPs are typically cationic and amphipathic, and display a membrane-

targeting activity, with a fast-killing kinetics, being less prone to induce mechanisms of resistance. ILs are 

composed of organic cations and organic/inorganic anions with melting temperatures usually below 100 ºC, 

which are being widely explored in the pharmaceutical field to improve drug solubility, to rescue old drugs, 

or as antimicrobial agents. We propose an AMP-based strategy based on covalent and non-covalent 

conjugation of AMPs with alkylimidazolium bromide ILs, aiming at boosting the therapeutic potential of 

AMPs. Herein, BP100 and W-BP100.1 AMPs were combined with imidazolium-based ILs with a 12- carbon 

alkyl chain, reported to have antibacterial and antibiofilm properties, by covalent conjugation using click 

chemistry2 and by non-covalent conjugation (equimolar mixtures). 

The antibacterial and cytotoxicity activities of AMP-IL conjugates and their correlation with model 

membranes of bacteria and eukaryotic cells using biophysical tools will be demonstrated. A preliminary study 

on the effect of the most promising peptide, W-BP100, on aggregation and fusion of negatively charged giant 

unilamellar vesicles (GUVs) using confocal microscopy will be presented. 
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Fluoroquinolones (FQs) are antibiotics extensively used in the clinical practice due to the broad spectrum of 

action, although several bacterial resistance mechanisms are reported against this family of antibiotics. Our 

strategy to bypass bacterial resistance mechanisms developed against FQs is their complexation with copper 

and phenanthroline (phen). These metalloantibiotics of CuFQphen have been widely studied, being known 

that are very stable under physiological conditions and exhibit antibacterial activity.1 Metalloantibiotics 

revealed an improved antimicrobial activity compared to FQs against several clinical isolates, especially 

against methicillin-resistant Staphylococcus aureus (MRSA).2 In this work, a biophysical study focused on 

the interactions of metalloantibiotics with membranes of S. aureus was carried out. Different mimetic lipidic 

systems - liposomes of POPG, POPG/(16:0)CL, and (18:1)DG/(16:0)CL/POPG - were chosen to mimic the 

membrane of S. aureus, and further characterized by fluorescence anisotropy (r) of DPH probe – transition 

temperatures were assessed. The partition constants of FQs and metalloantibiotics were determined in the 

three the mimetic systems, by steady-state fluorescence spectroscopy. The membrane fluidity of some MRSA 

clinical isolates was evaluated through the study of the generalized polarization (GP) of Laurdan, in the 

absence and presence of FQs and metalloantibiotics. Partition results evidenced a larger interaction of the 

metalloantibiotics with the mimetic systems of S. aureus and their presence proved to induce clear changes 

on the membrane fluidity of MRSA. Biophysical assays provided useful information about the interaction of 

metalloantibiotics with bacterial membranes, complementing the microbiological outcomes previously 

obtained. 
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“Today the computer is just as important a tool for chemists as the test tube. Simulations are so realistic that 

they predict the outcome of traditional experiments” Motivation for the Nobel Prize for Chemistry 2013. In 

this talk I will show how using computer simulations we developed a deep understanding of proteins to bridge 

soft-matter and complex biological systems. We took inspiration from natural protein properties such as: 

charge distribution, directional interactions and chaperonin action to design and produce new devices and 

materials with unprecedented properties. 
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The development of vehicles for the delivery of drugs is a research area of increasing interest, as these may 

target certain body regions more specifically than free therapeutics. Pulmonary delivery is an attractive 

administration route due to the enormous capability of the lungs for drug absorption. In this work, we design 

a delivery vehicle that consists of a lipid vesicle loaded with a hydrogel core, and encapsulating hydrophilic 

fluorescent molecules as model drugs. To ensure the size monodispersity of the vehicles and the efficient 

encapsulation of the model drug, we use microfluidic technologies for vesicle production [1]. Membrane 

composition of the vesicles is then optimized to ensure membrane integrity upon administration of the 

vehicle. Our results indicate that the exchange of vehicle lipids with an adjacent membrane may provide a 

route for the controlled release of the encapsulated material. 

 

a)   b)  

 

Figure 1. a) Bright-field and b) confocal fluorescence microscope images showing hydrogel-loaded vesicles 

produced with microfluidic technologies. 
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Chloride Intracellular Channel Protein 4 (CLIC4) is a novel class of intracellular ion channel highly 

implicated in tumour and vascular biology. It regulates cell proliferation, apoptosis and angiogenesis; and is 

involved in multiple pathologic signaling pathways1-3. Absence of specific inhibitors impedes its 

advancement to translational research. Here, we integrate structural bioinformatics and experimental research 

approach for the discovery and validation of small- molecule inhibitors of CLIC4. High-affinity allosteric 

binders were identified from a library of 1615 Food and Drug Administration (FDA)-approved drugs via a 

high-performance computing- powered blind-docking approach, resulting in the selection of compound 1 and 

compound 2. NMR assays confirmed the binding of the drugs. Both drugs reversed stress-induced membrane 

translocation of CLIC4 and inhibited endothelial cell migration. Structural and dynamics simulation studies 

further revealed that the inhibitory mechanisms of these compounds were hinged on the allosteric modulation 

of the catalytic glutathione (GSH)-like site loop and the extended catalytic β loop which may elicit 

interference with the catalytic activities of CLIC4. Structure-based insights from this study provide the basis 

for the selective targeting of CLIC4 to treat the associated pathologies. 
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Understanding virus cross-species transmission is a major challenge still unsolved. Viruses typically encode 

a few proteins and rely on the recruitment of proteins from the host, proviral factors, for infection to proceed. 

Therefore, a virus involved in cross-species transmission must learn to establish biomolecular interactions in 

the new and old hosts. 

 

We aim to get insight into the molecular mechanisms behind virus adaptation. To do so, we use as model 

system the lytic phage T7 and Escherichia coli. In particular, bacterial thioredoxin is required to be part of 

the T7 functional replisome, acting as an essential processivity factor. Viral DNA polymerase (gp5) tightly 

recruits thioredoxin at a specific domain, called thioredoxin binding domain [1]. 

 

Recently, we have challenged the phage to propagate in an engineered E. coli strain with a modified 

thioredoxin [2]. It is actually a functional ancestral thioredoxin that significantly differs in sequence from E. 

coli thioredoxin, its natural proviral factor. Laboratory evolution experiments have revealed that the virus 

managed to adapt to the engineered host [3] and maintain the capability to spread in the original host. Viral 

genome sequencing was performed, but no genetic mutations were fixed in the thioredoxin binding domain. 

Remarkably enough, adaptation correlated with mutations in the gene for the viral RNA polymerase that 

increased its error level. Based on these results, we hypothesize that promiscuous thioredoxin recruitment is 

enabled by phenotypic mutations caused by transcription errors [4]. 

 

Our current work is directed towards obtaining direct evidence of the role of phenotypic mutations on virus 

adaptation. We propose that phenotypic mutations may generally contribute to the capability of viruses to 

evade antiviral strategies. 
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Virus-like particles (VLPs) are formed by the self-assembly of capsid proteins from many viruses. These 

particles are analogous to natural viruses but without viral genome. Due to the high immunogenic stimulation 

property, VLPs have been used as vaccine platforms by carrying heterologous antigens, i.e. epitopes from 

different pathogens.1 One of the issues in designing VLP-based vaccines is to decide the point of insertion 

and the number of epitopes to carry, since these modifications can compromise the particle stability and 

assembly. In this regard, Molecular Dynamic (MD) simulations are important tools in vaccine design. 

Additionally, any modification in the amino acid sequence of the VLP´s proteins can change the by-product 

resulting from the proteasome digestion,2 thus affecting down-stream the immunogenic process. In order to 

estimate this and other aspects of the VLP´s structural proteins and its modifications, several 

immunoinformatic tools are very helpful in orienting vaccine design. 

 

Several non-enveloped viral particles were studied by means of MD simulations to relate the known 

immunogenicity regions and structural properties of these particles. 3 These authors found that the epitope 

fluctuation, which imply flexibility, is inversely related with immunogenicity for a broad spectrum of non-

enveloped viruses. 

 

In this work, the fluctuations of TrV-VLP amino acids were calculated by means of MD simulations and 

compared with the predictions obtained from immunoinformatic tools. 
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The recognition of PTAP viral Late domains by the UEV domain of the human Tumor Susceptibility Gene 

101 (TSG101-UEV) is essential for the budding of many viruses such as Ebola, HIV or HTLV. Blocking 

TSG101-UEV/Late domain interactions has been shown to stop virus release. TSG101-UEV is, nonetheless, 

a challenging target for rational design due to the low affinity of its natural interactions and its flat and 

featureless binding interface. To overcome these difficulties, we have set-up a multidisciplinary approach 

combining biophysical studies with phage display and high-throughput screening methodologies in search 

for ligands of TSG101-UEV with potential as novel broad-spectrum antivirals. We present here a detailed 

structural, thermodynamic and molecular dynamics study of the binding of TSG101-UEV to a set of peptide 

ligands derived from the Late domains of HIV, Ebola and HTLV and a set of high-affinity peptides obtained 

by phage display, which has provided a good understanding of the molecular determinants of these 

interactions. Also, to explore the druggability of the TSG101-UEV binding interface, high-throughput 

screening Thermofluor and AlphaScreen miniaturized assays have been developed. The screening of different 

compound and drug-repurposing libraries have allowed the identification of set of small-molecule ligands 

that bind TSG101-UEV with IC50 values in the low micromolar range. High-content bimolecular 

complementation assays in human cells, Ebola and Marburg virus- like particle assays and antiviral activity 

assays against VSV and HIV-1 validated some of these compounds as broad-spectrum inhibitors TSG101-

UEV/Late domain interactions. These results show that targeting TSG101-UEV interactions is a promising 

strategy toward the development of host-oriented, broad-spectrum antivirals. 
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Recent studies have evidenced the importance of nanoparticle mechanics in their uptake and efficacy1. 

Different strategies have been developed to tune NP mechanics but is still unknown the effect of loading or 

functionalization on the NP mechanical properties. The main drawback to study these factors is the difficulty 

to find a fabrication technique that allows to modify the inner part of the NP, to functionalize the surface, to 

change the composition, but obtaining comparable particle structures and sizes. In here, we performed a study 

of the effect of these parameters using Phase Inversion Composition method (PIC)2 to create NPs with similar 

composition, structure and sizes, and determine the effect of functionalization on the NP mechanics. Samples 

studied were PLGA NPs, PLGA NPs containing rhodamine 6G (PLGA- Rho), PLGA functionalized with 

antibodies (PLGA-Ab), PLGA functionalized with dendrons (PLGA-dendron), Ethyl cellulose NPs (EC) and 

cationic Ethyl cellulose NPs (EC cationic). 

NPs were measured individually by Atomic Force Microscopy (AFM) force spectroscopy and a 

multiparametric nanomechanical study was performed including the determination of the Young’s modulus, 

breakthrough force, total indentation and adhesion, covering from small to large deformations and the NPs' 

rupture, thus containing all relevant mechanical information. 

Results3 showed an effect of composition, functionalization and loading on the NP mechanics evaluated and 

a graphical representation method has been proposed to identify formulations with similar properties. 
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Pathological conditions related with formation and deposition of insoluble amyloid fibrils are highly 

debilitating, incurable diseases of the modern era. Several amyloid disorders (amyloidosis) are strongly 

associated with ageing, as in Alzheimer’s disease (AD) and wild-type transthyretin amyloidosis (ATTRwt). 

To date, approximately 60 amyloidosis are known, involving a multitude of distinct symptoms, affecting 

different organs, and associated with more than 40 distinct proteins. Characteristic structural features are 

shared by amyloid fibrils from different precursor proteins, namely long and unbranched filaments with cross-

 sheet conformation. However, no sequence, structural or functional correlations are apparent among many 

of these proteins. 

A possible therapeutic strategy to overcome amyloid deposition is amyloid fibril disaggregation. This 

approach has been tested in multiple clinical trials conducted for several amyloid diseases. However, most of 

these trials failed, despite the progresses in the understanding of amyloidosis. 

In the present study, we used a battery of in silico methods to understand the physicochemical and structural 

rules that govern the ability of certain small molecules to interact and disaggregate preformed amyloid fibrils 

into native monomers or soluble aggregates. Firstly, we carried out an extensive literature search to identify 

compounds with activity in amyloid fibril disruption. A selection of 606 compounds, here termed 

FIBREAKERS, formed a structurally diverse chemical library with activity against 29 different amyloid 

precursor proteins. This FIBREAKER library was analyzed according to several physicochemical properties, 

and compounds were also classified according to their drug-like and toxicity profile, and clustered based on 

structural similarities. Quantitative structure-activity relationship (QSAR) analysis are being performed in 

order to identify novel small molecule amyloid disaggregators. 

In parallel with the computational work, an in vitro screening protocol was developed2 to test the activity of 

the FIBREAKERS selected from the computational approaches. Transthyretin (TTR), a protein known to 

aggregate into amyloid fibrils and cause several amyloidosis1, was selected as a case study. Several 

compounds were tested in early and late stages of TTR aggregation by turbidity. DLS and TEM were also 

used to characterize the effect of FIBREAKERS on TTR amyloid disaggregation. 
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Biosensors play a central role in the future of modern medicine. The combination of biosensors, digital 

technologies, and data analytics will become increasingly important in clinical setups, but also in our daily 

life in the form of wearable devices. 

 

In pursue of a technology supporting the implementation of personalized medicine, my research has focused 

in the development of electrochemical aptamer-based sensors. This sensing platform features the ability to 

perform continuous, real-time measurements at the point-of-care, directly in biological fluids, and ultimately 

in vivo in the veins and tissues of living animals, of a wide variety of clinically and biologically relevant 

analytes. 

 

In this communication, I will first showcase some of my work in expanding the range of applications of this 

platform. Then, I will also discuss my research on developing new molecular design principles to 

allosterically control the binding affinity and cooperativity of aptamer biomolecular receptors, which I wil 

use to achieve more precise biosensors. 
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The Caco-2 in vitro permeability assay is commonly used in drug permeability screening, being generally 

accepted as a model for human intestinal absorption. The reference protocol1 requires 21 days after cell 

seeding to establish a stable and confluent cell monolayer, which is used in a single permeability assay during 

the time interval of monolayer stability (up to day 30)2. To improve the throughput of Caco-2 permeability 

assays, we developed a new experimental protocol for the re-use of the cell monolayers in additional 

permeability assays. The procedure includes a two full day incubation period in culture medium, with three 

consecutive assays being performed on days 22, 25 and 28. The integrity of the cell monolayers have been 

guaranteed by the low Papp values of Lucifer yellow, in combination with similar TEER values and tight 

junctions ZO-1 protein staining obtained for single use and re- used cell monolayers.3 

In this work, a robust validation of the procedure regarding to transcellular transport was performed with 

model drugs of differing properties. The characterization of the transport of several solutes permeating to the 

passive route were carried out with a single time point of 60 min or several shorter time intervals both in 

single use and re-used cell monolayers. Also, the functionality of the cell monolayers during the period of re-

use was evaluated by the expression and activity of the P-gp efflux transporter. The full validation of the re-

use of Caco- 2 monolayers demonstrates the utility of this new procedure to triplicate the throughput of this 

important permeability assay. 
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The HIV/AIDS pandemic remains a major global health challenge and continues to exert significant strain 

on healthcare resources worldwide. Despite the existing antiretroviral therapies, approximately 40 million 

people are currently living with HIV infection. This trend is increasing with 1.8 million new infections each 

year according to the UNAIDS. And the number of HIV-infected people will continue to rise unless more 

effective preventive strategies are developed. 

 

HIV, as other enveloped viruses, needs to fuse its membrane with that of the cell target to cause infection. 

The envelope glycoprotein (Env), composed of gp120 and gp41 proteins non- covalently associated, is 

responsible of the fusion process and thus constitutes a promising strategy to neutralize the virus at an early 

stage. 

 

Here, we have computationally designed disulfide bond-stabilized miniproteins that mimic the N-terminal 

heptad repeat (NHR) region of gp41 and are able to interact with the C- terminal heptad repeat (CHR) region 

of gp41. The miniproteins were expressed, produced and purified recombinantly in E. coli and were 

characterized using biophysical and calorimetric techniques. The addition of the disulfide bond produced an 

important increase in conformational stability, as well as an also increased binding affinity for the CHR region 

and strongly improved inhibitory activity against several HIV-1 strains. Even more striking is the high 

inhibitory activity achieved targeting the C-terminal polar part of the CHR region of gp41, without targeting 

the preserved hydrophobic pocket-binding motif. This is, to the best of our knowledge, the first NHR-derived 

inhibitor lacking the hydrophobic pocket with such potent and broad activity. Consequently, this study opens 

up new ways of inhibiting HIV and may have implications in the discovery of new strategies to inhibit HIV 

targeting the gp41 CHR region. 
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Paramyxoviruses are enveloped viruses harboring a negative-sense RNA genome that must enter the host’s 

cells to replicate. In the case of the parainfluenza virus, the cell entry process starts with the recognition and 

attachment to target receptors, followed by proteolytic cleavage of the fusion glycoprotein (F) protein, 

exposing the fusion peptide (FP) region. The FP is responsible for binding to the target membrane, and it is 

believed to play a crucial role in the fusion process, but the mechanism by which the parainfluenza FP (PIFP) 

promotes membrane fusion is still unclear. To elucidate this matter, we performed biophysical 

experimentation of the PIFP in membranes, together with coarse grain (CG) and atomistic (AA) molecular 

dynamics (MD) simulations. The simulation results led to the pinpointing of the most important PIFP amino 

acid residues for membrane fusion and show that, at high concentrations, the peptide induces the formation 

of a water-permeable porelike structure. This structure promotes lipid head intrusion and lipid tail protrusion, 

which facilitates membrane fusion. Biophysical experimental results validate these findings, showing that, 

depending on the peptide/ lipid ratio, the PIFP can promote fusion and/or membrane leakage. Our work 

furthers the understanding of the PIFP-induced membrane fusion process, which might help foster 

development in the field of viral entry inhibition. 
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Energy production by the mitochondrial respiratory chain is essential for life. Malfunction of any of the 

participating enzymes can result in life threatening diseases. Measuring mitochondrial oxygen consumption 

or ATP production can detect alterations in the oxidative phosphorylation chain (OXPHOS), but these general 

assays cannot identify the individual redox proteins responsible for the malfunction. Spectroscopically based 

biochemical assays carried out in mitochondrial fragments are frequently used to identify the redox activity 

of the individual respiratory chain proteins [1]. Electrochemical and spectroelectrochemical methods have 

also provided a wealth of information regarding reaction mechanisms of these enzymes [2]. However, these 

experiments have been mainly carried out with purified and reconstituted mitochondrial proteins adsorbed 

on electrodes using sample preparation protocols difficult to implement for the direct study of isolated 

mitochondria. We will present results of the electrochemical detection of Complex I and III on mitochondrial 

membranes adsorbed on a gold electrode. Catalytic activity was revealed through the oxidation and reduction 

on the electrode of a membrane associated quinone. The response to specific substrates and inhibitors support 

our interpretation that we monitor independently the activity of these two membrane proteins included in 

their native environment. 
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SARS-CoV-2 S (Spike) protein is responsible for the virus interaction with its receptor (the Angiotensin-

Converting Enzyme 2, ACE2) in target cells. In order for this event to happen, the S protein has to form 

trimers. The S protein transmembrane domain (TMD) has been reported to play an important role in the 

trimerization of the protein. In fact, its sequence contains a glycine-based motif that has been widely reported 

as responsible of strong TMD interactions1,2. Furthermore, this motif is highly conserved in SARS and 

MERS-causing viruses. Recently, the S protein TMD trimer structure has been described in lipid bicelles 

using NMR techniques3. The detailed analysis of this structure suggests that isoleucine residues may be 

responsible for the TMD interactions. In this work we both used in silico and in vitro (human- derived cell 

lines) approaches to analyze the role of the TMD in protein trimerization. We generated computational 

models and together with our experimental results we discuss a possible interaction surface. Moreover, we 

tested the role of the TMD and the key residues involved in the trimerization in the viral-host membrane 

fusion process. 

 

Figure 1. Spike protein TMD trimer model. This model was obtained with the 

TMHOP server (Trans-Membrane Homo Oligomer Predictor)4. It shows potential 

trimer forming interactions among S TMD monomers involving both glycine zipper 

residues (orange) and leucine zipper ones (purple). 
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Apurinic apyrimidinic endonuclease 1 (APE1) is a key enzyme of the Base Excision Repair (BER) pathway, 

which manages mostly oxidative lesions of DNA. Once the damaged base is removed, APE1 recognizes the 

resulting abasic site and cleaves the phosphodiester backbone to allow for the correction by subsequent 

enzymes of the BER machinery. In spite of a wealth of information on APE1 structure and activity, its 

regulation mechanism still remains to be understood. Human APE1 consists of a globular domain responsible 

for its endonuclease activity, preceded by an intrinsically disordered N-terminal extension, missing from 

crystal structures but probably essential for APE1 modulation. The N-terminal tail seems to be involved in 

the interaction with DNA and coordination of the BER machinery. Moreover, binding of the nuclear 

chaperone nucleophosmin (NPM1) to this region has been reported to impact APE1 catalysis. To evaluate 

intra- and inter-molecular conformational rearrangements that may take place upon DNA binding, incision, 

and interaction with NPM1, we are using Förster resonance energy transfer (FRET), a fluorescence 

spectroscopy technique sensitive to the distances between a fluorophore and a neighbouring acceptor. Our 

results suggest that the N-terminal tail embraces the DNA double helix at the downstream side of the abasic 

site. The gathered data allowed us to build a predictive model of the full length APE1 / DNA complex (Fig. 

1). Furthermore, the spatial configuration of the N-terminal tail is sensitive to the presence of NPM1, which 

could be related to the NPM1-mediated facilitation of APE1 release from the abasic product. 

 

 

 

Figure 1. 3D structural model of APE1 / DNA product complex (5DFF) where the configuration of the N-

terminal tail (pink) has been predicted with the aid of FRET-based estimated distances. Labelled protein and 

DNA residues are highlighted with spheres. 
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Despite the fact that channelling has been widely studied for substrates/products of enzymatic cascades, 

information is seldom available in the case of cofactors. Nonetheless, direct cofactor transfer for molybdenum 

and flavin adenine dinucleotide (FAD) cofactors from the enzymes contributing to their biosynthesis to some 

client proteins has been reported1. Riboflavin kinase, which catalyses the biosynthesis of the flavin 

mononucleotide (FMN) cofactor, might also operate as a chaperone in the transference of FMN to the client 

apo-protein2. The possibility of direct assemblage of Homo sapiens RFK to apo-pyridoxine-5’-phosphate 

oxidase is here assessed by using a variety of biophysical experimental (steady-state and pre-steady state 

kinetics or calorimetry) and computational (docking/molecular dynamics simulations) approaches. The 

obtained results point to the specific binding between both proteins. 

 

 

Figure 1. Cartoon representation over the MD simulation time of a potential RFK:apo-PNPOx complex built 

using docking simulations. RFK structures are colored in blue and apo-PNPOx in grey. ADP and FMN 

ligands of RFK are shown as sticks with carbons in magenta and green, respectively. Mg2+ is shown as a 

green sphere. FMN in apo-PNPOx is shown with carbons in black lines to locate the active site. 
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Eukaryotic cells have evolved numerous strategies to maintain proteostasis, the delicate balance among 

synthesis, folding, trafficking and degradation of intra- and extracellular proteins1. Molecular chaperones are 

at the heart of proteostasis as they play essential roles in both protein folding and degradation pathways2. The 

change in the role of the chaperone is dictated by the interaction with different co-chaperones, which can 

either direct the chaperone:substrate complex towards the folding of the substrate or towards its degradation 

through the ubiquitin-proteasome system (UPS) or the autophagy system. One of this co- chaperones is Bag1 

(Bcl-2-associated athanogene 1), a Nucleotide Exchange Factor of Hsp70 that contains a Ubiquitin like 

(UBL) domain shown to mediate the interaction with the proteasome3. 

In this work, we have searched for the proteasomal subunit involved in the interaction with Bag1. We have 

cloned and purified different proteasomal subunits and found a strong interaction with Rpn1. Binary 

(Rpn1:Bag1) and ternary (Rpn1:Bag1:Hsp70) complexes have been isolated and characterized using 

biochemical and biophysical techniques (e.g. ITC). In addition, we have been able to obtain a quaternary 

complex formed by Rpn1, Bag1, Hsp70 and a model substrate of Hsp70, that will help to elucidate of the 

substrate delivery mechanism that takes place between Hsp70 and the proteasome. 

To gain further insight into the interactions among these proteins, the purified complexes have been 

structurally characterized using cryogenic electron microscopy (cryoEM). The obtained maps, complemented 

with cross-linking and mass spectrometry information, have allowed to propose a model of the ternary 

complex. Finally, a high-resolution map of the complex between the proteasome and Bag1 has been obtained. 

This map shows the binding of the UBL domain of Bag1 to the toroidal region of Rpn1. This interaction 

would allow the positioning of Hsp70 in the proximity of the proteasomal gate, favoring the transference of 

the substrate. 
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The Hsp40 chaperone family is the most numerous and diverse from the functional and structural point of 

view. Hsp40 chaperones are key players in protein folding thanks to both their chaperone activity and their 

role as Hsp70 cochaperones, their structure remaining however largely unknown due to the high structural 

and dynamic heterogeneity. Some members of this family have been recently described to self- associate into 

oligomers with a remarkable aggregation-suppressing activity. In this work we have found that DnaJA2 

oligomerizes in highly ordered structures and have characterized these structures using CryoEM. The 

configuration of the oligomer is that of a helix formed by the lateral interaction of five filaments in which the 

dimers interact through longitudinal contacts. Point mutants have shown that residues L135Q136 are engaged 

in contact between adjacent dimers and are crucial for filament formation. Additionally, a second interaction 

is responsible of the formation of the disks that are central to the assembly of the cylindrical structure, and is 

localised in the ZFD. Finally, the J domain and the intrinsically disordered C-terminal protein region also 

contribute to the stability of the oligomer. Functional studies suggest that the oligomerization of DnaJA2 may 

have a role in the regulation of the holdase and foldase activity of the protein. To sum up, this work presents 

the first CryoEM structure at medium high- resolution of a Hsp40 oligomer and points to a novel regulation 

mechanism of this protein through a controlled self-assembly ability. 
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Titin, as the main protein responsible for the passive stiffness of the sarcomere, plays a key role in diastolic 

function and is a determinant factor in the etiology of heart disease. Titin stiffness depends on unfolding and 

folding transitions of immunoglobulin-like (Ig) domains of the I-band, and recent studies have shown that 

oxidative modifications of cryptic cysteines belonging to these Ig domains modulate their mechanical 

properties in vitro1,2. However, the relevance of this mode of titin mechanical modulation in vivo remains 

largely unknown. Here, we describe the high evolutionary conservation of titin mechanical cysteines and 

show that they are remarkably oxidized in murine cardiac tissue. Mass spectrometry analyses indicate a 

similar landscape of basal oxidation in murine and human myocardium. Monte Carlo simulations illustrate 

how disulfides and S-thiolations on these cysteines increase the dynamics of the protein at physiological 

forces, while enabling load- and isoform-dependent regulation of titin stiffness. Our results demonstrate the 

role of conserved cysteines in the modulation of titin mechanical properties in vivo and point to potential 

redox-based pathomechanisms in heart disease. 
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Helicases are molecular motor proteins that unwind duplex nucleic acids and remodel nucleic acid-protein 

complexes driven by the energy from ATP hydrolysis. These enzymatic activities are crucial for nucleic acid 

metabolism, as DNA replication, repair, and recombination. The Pif1 family of DNA helicases are essential 

for maintenance of nuclear and mitochondrial genomes, acting as a guardian of its integrity. S.pombe Pif1 

homologue, Pfh1, constitutes an excellent model system for understanding the functions of these helicase 

family. A characteristic property of these helicases is that they unwind DNA by repetitive translocation 

cycles. How this repetitive enzymatic activity is used for function and how it is coupled with ATP binding 

and hydrolysis remain unclear. To address these questions, we have developed a single-molecule assay to 

follow in real-time and manipulate mechanically the DNA unwinding activity of Pfh1 helicase. Optical 

tweezers have been used to probe the activity of individuals Pfh1 molecules under varying mechanical loads 

on the DNA and ATP concentrations. The particular response of Pfh1 enzymatic activities to the combined 

effects of mechanical (load) and chemical (ATP) factors will inform on the mechano-chemical properties 

(energy conversion to work) of these essential molecular motors. 

 

 

Figure 1. A. Pfh1 helicase structure3. B. Schematic representation of the experimental set up with optical 

tweezers. The DNA molecule is catched in one extreme with the laser beam, and in the other with the 

micropipette. This DNA construct allows the Pfh1 helicase to join, and study at single-molecule level the 

protein activity and its spatial, temporal and load changes. C.Tipical temporal-extension curve characteristic 

of Pfh1 activity. 
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Engineered variants of broadly-neutralizing antibodies (bnAbs) have shown efficacy in passive 

immunotherapy of HIV-1 infection. Particularly, bnAbs raised against the neutralizing MPER epitope have 

gathered much attention in the area because they can potentially block infection by the large variety of 

circulating HIV-1 strains and isolates. Despite their remarkable breadth, the potential clinical translation of 

Abs belonging to this class is hampered by their overall modest potency. Here, we employ cell-entry 

inhibition assays to demonstrate that the potency of the MPER bnAb 10E8, can be enhanced up to 100-fold, 

via single-site modification with linear and polycyclic aromatic chemical compounds. That is, chemically 

modified 10E8 versions display potency levels comparable to those of bnAbs currently under clinical 

development. This antibody potentiation is accompanied by an increase in affinity for the native antigen in 

virions, but also originates faster decays in the serum concentration of Ab after intravenous infusion in mice. 

Thus, based on site-selective chemical modification procedures, further engineering efforts are required to 

develop more potent, therapeutic MPER antibodies. 
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Single-molecule Atomic Force Spectroscopy (AFS) is the preferred technique to measure the mechanical 

properties of proteins 1. The determination of the distribution of unfolding forces of a particular protein relies 

on the calibration of the AFS cantilever 2. This calibration is affected by an inherent uncertainty that can be 

up to 25% 3, which hampers comparison of mechanical properties of proteins (e.g. wild-type and mutant 

variants) 4. Here, we have designed a method to estimate the calibration uncertainty that best fits the spread 

of AFS experimental data. Considering this estimated calibration uncertainty, Monte Carlo simulations are 

then used to assess the standard deviation of the difference in the mean unfolding force of two proteins under 

the null hypothesis that there is no difference. With this information, a statistical test is then able to determine 

the significance of experimentally determined differences in mean unfolding forces. Hence, our method 

provides a framework to increase confidence in experimental determinations of how protein mechanics is 

modulated by protein sequence, ligand binding and posttranslational modifications. 
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Small cysteine-rich proteins of the Intermembrane Space of the Mitochondria (IMS) are a particular family 

of proteins that are synthesized in the cytosol and recruited to the mitochondria through the MIA40 relay 

system. Despite sharing no sequential homology, these proteins populate two different conformations that 

are physiologically relevant. From one side a reduced, disordered state that is competent for import; and from 

the other side, an oxidized well-folded state – a coiled-coil stabilized by two disulfide bridges –ready to 

function in the IMS. As they cross the outer membrane of the mitochondria, the specific chaperone and 

oxidoreductase Mia40 introduces key structural disulfide bonds to the reduced precursors in order to promote 

their folding, trapping those folded species in the compartment. The interconversion between the two species 

is also controlled inside the mitochondria by the glutathione proof-reed system, which reduces – and unfolds 

– misfolded substrates that will exit the organelle. A permanent crosstalk between redox species regulates an 

optimal disposal of functional forms and has implications in both health and disease1. 

Here we study the redox-controlled disorder-to-order transition of Triap1, a small cysteine-rich protein that 

functions as a moonlight protein: regulating phospholipid trafficking between mitochondrial membranes in 

the IMS and promoting tumor progression via apoptotic inhibition in the cytosol. We report that Triap1 

follows a sequential oxidation of its two structural disulfides to autonomously fold into its native state. 

However, Triap1 oxidative folding is extremely slow– taking more than 24 hours to complete – and 

unexpectedly complex for a 4-cysteine protein. We discovered that reduced Triap1 rapidly populates a molten 

globule instead of arranging a disordered configuration, which is the expected state for MIA40 substrates. 

This collapsed conformer drives Triap1 towards a non-productive folding intermediate that behaves as a 

kinetic trap. The presence of MIA40, bypasses this trap, increasing the folding rate by a 30- fold, which 

highlights the necessity for a catalyzed disulfide formation reaction in vivo. 

Why is reduced Triap1 a molten globule that fails to fold efficiently? Triap1 diaplays a high proportion of 

hydrophobic residues, which are required to perform its IMS native function. We hypothesize that this 

hydrophobicity overload constrains Triap1 folding, playing a direct role in the cytosolic malfunction of 

Triap1 in cancer. 
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Mitochondria are highly dynamic organelles constantly merging and dividing in response to cellular 

requirements. The large GTPase dynamin-related protein 1 (Drp1) self-assembles on the mitochondrial outer 

membrane leading to constriction and further scission of the mitochondrial double membrane. However, it is 

still unknown whether Drp1 is a self-sufficient mitochondrial fission promoter or if it requires additional 

force factors to induce fission. 

To assess the extent of Drp1 individual role in mitochondrial fission, we performed functional in vitro assays 

on non-supported lipid nanotubes mimicking the lipid composition and geometry of the mitochondrial fission 

site. Our results confirmed previous observations of Drp1 being insufficient to mediate membrane fission 

alone. However, we found that the C- terminus region of the protein is crucial in regulating the protein’s 

fission activity. Indeed, introduction of a small tag in that region altered oligomerization, nucleotide 

hydrolysis and membrane curvature sensitivity of Drp1, resulting in membrane fission. We further propose 

that the interaction of the C-terminus of Drp1 with other protein cofactors may modulate Drp1 function in 

vivo. 
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The RNA binding protein TDP-43 forms cytoplasmic inclusions via its C-terminal prion-like domain in 

several neurodegenerative diseases1. TDP-43 aggregation arises upon phase de- mixing and transitions from 

liquid to solid states, following still unknown structural conversions in TDP-43 which are determined by 

mutations, oxidative stress and proteasome and chaperone inhibition2. Despite the well-established protective 

roles for molecular chaperones against protein aggregation pathologies, the determinants of chaperone 

recognition are not yet understood3. Here we show that chaperones and co-chaperones selectively recognize 

the structured elements in TDP-43 prion-like domain. Significantly, while chaperones promote TDP-43 phase 

separation, co-chaperone members of HSP40 subfamilies show striking differences in TDP-43 de-mixing. 

Dismantling of the second helical element in TDP-43 prion- like domain by methionine sulfoxidation 

abrogates chaperone recognition, precludes phosphorylation by casein kinase-1  and impacts amyloid 

formation. Our results show that metamorphic structures in TDP-43 prion-like domain convey a composite 

code which determines chaperone recognition and functional and aberrant phase separation. 

 

 

Figure 1. In this work we describe the impact of modifications on the interplay between TDP-43 and 

molecular chaperones, which is a key process regulating aberrant protein de-mixing and aggregation. 
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Broadly neutralizing Abs (bnAbs) of the 4E10 class bind to the conserved Membrane Proximal External 

Region (MPER) of the HIV-1 Envelope glycoprotein (Env), and block infection by highly diverse strains and 

isolates of the virus. Within the 4E10-Env complex, the third complementarity-determining region of the 

heavy chain (CDRH3) loop protrudes from the Ab and its hydrophobic apex deepens into the viral membrane. 

Though essential for virus neutralization, CDRH3 hydrophobicity also boosts nonspecific off-target 

interactions with membranes (increased autoreactivity), arguably limiting the therapeutic potential of 4E10. 

Here, we removed the aromatic/hydrophobic residues from the CDRH3 loop’s tip, and replaced them with a 

single, strongly aromatic molecule through chemical conjugation. This trimming-grafting procedure 

generated a variant with the neutralization breadth and potency of 4E10, but devoid of its adverse 

autoreactivity trait. Thus, the focal increase of aromaticity by chemical modification provides a pathway to 

ameliorate the CDRH3 function of HIV MPER bnAbs. 
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The number of structures of biomolecules determined by single particle cryo-electron microscopy (cryo-EM) 

is increasing exponentially in recent years1. The improvements in the hardware of microscopes and the 

software used for data analysis have resulted in more detailed maps that frequently arrive to the atomic-level 

resolution. The Basque Resource for Electron Microscopy (BREM) provides access to high-end 

instrumentation and expertise in high-resolution cryo-EM to national and international researchers, from 

academia and industry. BREM is equipped with a ThermoFisher Krios G4 transmission electron microscope, 

paired with Gatan’s BioContinuum Imaging Filter and a K3 direct electron detector. The system also includes 

a phase plate, a second Falcon III direct electron detector and Ceta-D CMOS camera. In addition, the facility 

contains the equipment for sample preparation: an ELMO glow discharger for TEM grids, a Leica EM GP2 

single-side blotting automated plunge freezer and a ThermoFisher Vitrobot Mark IV double-side blotting 

automated plunge freezer. BREM offers on-the-fly processing to analyze the quality of the data on real time 

using a processing server with 8 GPUs, a hot storage server with 130 TB SSD and a warm storage server with 

500 TB HDD. 

BREM has highly qualified staff to operate the facility and assist users with three-dimensional structure 

determination using all major cryo-EM techniques available for structural biology. 
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Broadly neutralizing antibodies (bnAbs) identified in plasma of infected individuals constitute key tools in 

the search for a cure for HIV-1 infection. BnAbs against the conserved Membrane Proximal External Region 

(MPER) belonging to the 4E10 class possess short loops, arise fast upon contact with founder virus and 

accumulate low levels of somatic mutations, thus providing optimal targets for vaccine design. However, the 

acquisition of breadth by MPER bnAbs is frequently associated with the presence of 

autoreactivity/polyreactivity, a property that may limit their potency and efficacy in vivo as therapeutic 

agents. Here, with the aim of developing therapeutic bnAbs of the 4E10 class, we explore possible pathways 

to improve potency through chemical modification, while ensuring the preservation of low levels of antibody 

polyreactivity. 
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Protein Design has made enormous strides in the last decade.1 Based on α-helices and β- sheets, this field 

ignores polyproline II (PPII) helices, the third class of protein secondary structure. Recently, a protein 

structure family sharing a bundle of interlinked glycine-rich PPII helices has emerged.2 These proteins adopt 

remarkable honeycomb forms with unique structural properties, but the basis of their conformational stability 

was unclear. Using NMR spectroscopy, we studied the folded and denatured forms of the H. harveyi “snow 

flea” antifreeze protein (sfAFP), a six PPII helix bundle.3 Twenty-eight glycine residues show remarkably 

different 1Hα2 versus 1Hα3 chemical shift values which arise from weak Cα- H···O=C H-bonds. Two 

disulfide bonds, an extensive network of interhelical N-H···O=C H- bonds plus hydrophobic surface burial 

upon dimerization afford additional stability. Using an unconventional assignment approach based on 

sequential 13C’, 15N and 1HN connectivities,4 we recently assigned the reduced, denatured state of sfAFP 

and performed 15N relaxation analyses.5 Despite a high content of intrinsically flexible glycine residues, the 

folded and denatured states of sfAFP have similar mobilities as those of typical globular proteins. This 

suggests that the free energy cost of losing conformational entropy upon folding will also be similar. This 

knowledge empowers us to exploit PPII helices as a new protein design LEGO®. 
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Salp15 is one of the proteins in the saliva of the tick Ixodes scapularis. Together with other biomolecules 

injected into the mammalian host at the biting site, it helps the tick to sustain its blood meal for days. Salp15 

interferes with the cellular immune response of the mammalian host by inhibiting the activation of CD4+ T-

lymphocytes. This function is co-opted by pathogens that use the tick as a vector and invade the host when 

the tick bites, such as Borrelia burgdorferi, the causative agent of Lyme borreliosis. Because of the immunity-

suppressing role of Salp15, it has been proposed as a candidate for therapeutic applications in disorders of 

the immune system. The protein is produced as a 135-residue long polypeptide and secreted without its N-

terminal signal 1-21 sequence. Detailed structural studies on Salp15 are lacking because of the difficulty in 

producing large amounts of the folded protein. We report the production of Salp15 and its structural analysis 

by NMR. The protein is monomeric and contains a flexible N-terminal region followed by a folded domain 

with mixed + secondary structures. Our results are consistent with a three-dimensional structural model 

derived from AlphaFold, which predicts the formation of three disulfide bridges and a free C-terminal 

cysteine. 

 

 

Figure 1. AlphaFold predicted structure of Salp15, consistent with NMR experimental dat. 
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Pulmonary surfactant (PS) is a complex mixture of lipid and proteins forming films at the air- liquid interface 

over the alveolar epithelium, which prevents alveolar collapse by lowering surface tension while it is involved 

in lung immunity. It is composed of 90% lipids and 10% of specific pulmonary surfactant proteins including 

surfactant protein C (SP-C). SP-C is the smallest protein of PS and its sequence is highly conserved. Its C-

terminal region adopts a metastable transmembrane α-helical folding that contains a ALLMG motif that has 

been proposed as a dimerization domain. On the other hand, the N-terminal segment of SP-C is also able to 

interact with and perturb phospholipid membranes. Within this N-t segment, the PCCP motif, whose cysteine 

residues are stoichiometrically palmitoylated, has also been proposed as another dimerization motif. 

Palmitoylation allows anchoring of the N-terminal segment to the membrane, modulating SP-C tilting in lipid 

bilayers. It has been suggested that the dimerization of SP-C would lead to the assembly of a stiff cone-shaped 

structure that could promote high curvature in membranes, facilitating budding of small vesicles targeted for 

surfactant recycling. This highlights a key potential role of SP-C in LS homeostasis. 

 

In this work, we have analysed the effect of SP-C and its palmitoylation in protein-promoted membrane 

fragmentation and in vesicle internalization by two alveolar-derived cell lines. To do so, we have compared 

the behaviour of native palmitoylated SP-C and that of a recombinant non palmitoylated version (rSP-C) 

reconstituted in two different lipid models mimicking PS membranes. Nanoparticle tracking analysis (NTA) 

experiments suggest that both SP-C and rSP-C promoted vesicle fragmentation. However, depending on the 

lipid model, the effect of the proteins in membrane fragmentation is different. On the other hand, we have 

analysed the fluorescence derived from vesicle uptake by flow cytometry and epifluorescence microscopy, 

using fluorescently labelled lipid/protein vesicles. For this purpose, the N-terminal end of SP-C has been 

labelled with BODIPY. Fluorescence levels from flow cytometry have revealed that a threshold concentration 

of SP-C is needed to trigger vesicle uptake by both tested cell lines. Additionally, the experiments revealed 

that palmitoylation is essential for vesicle internalization by alveolar cells. Micrographs from epifluorescence 

microscopy have shown differential behaviours in terms of vesicle uptake for each of the two cell types 

analysed, which could represent distinct roles played in the recycling or processing of surfactant material. 
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Pseudomonas aeruginosa is an opportunistic pathogen of great clinical impact, being the main cause of acute 

and chronic infections in immunosuppressed and cystic fibrosis patients. This virulence is largely due to the 

secretion systems possessed by the bacteria, among which the Type 6 Secretion System (T6SS) in P. 

aeruginosa stands out 1. The T6SS is a nanomachine that assembles inside the bacteria and injects several 

effectors/toxins into target cells 2. The large number of effectors and their functional diversity play a crucial 

role in the virulence of the infection caused by this gram-negative bacterium. One of these effectors is the 

Type VI secretion system exported effector 5 (Tse5) which was described to have bacteriolytic activity 

although its molecular activity is still unknown 3,4. 

In this work we studied the molecular function of Tse5 effector. To do so, we performed growth inhibition 

curves to determine if it has a bacteriolytic or bacteriostatic effect. We hypothesised that the toxic domain of 

Tse5 (Tse5-CT) exerts its toxic activity on the membrane since its immunity protein (Tsi5) inserts into the 

inner bacterial membrane to neutralise the toxicity 3. To define if this toxin can increase cell permeability or 

disrupt membrane potential of the target bacteria, we carried out flow cytometry experiments in Pseudomonas 

putida. Furthermore, we designed a Tse5-CT deletion mutants with a dual reporter localize at the C-terminus 

that allowed to identify transmembrane regions. 

Our data indicate that Tse5-CT expression has a bacteriolytic effect on Pseudomonas putida cells that can be 

reversed by co-expression of the cognate immunity protein Tsi5. Moreover, Tse5 toxin inserts into the 

membrane through transmembrane and amphipathic domains and disrupts membrane potential of target cells. 

The results obtained in this study help to gain insight regarding the function and the mechanisms of action 

Tse5 effector and eventually could help to develop drugs that mimic its behaviour. 
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The human apoptosis-inducing factor (AIF) is a mitochondrial flavoenzyme that exerts an important role in 

bioenergetic and redox metabolism in healthy mitochondria through its interaction with CHCHD4 (coiled-

coil-helix-coiled-coil-helix-domain containing 4)1. Thus, the chaperone CHCHD4 controls the importation 

and oxidative folding of protein subunits of respiratory complexes, while AIF would act as a recruitment 

factor for CHCHD4 regulating its proper localization in mitochondrial intermembrane space (IMS).1-2 It has 

been described that AIF-CHCHD4 interaction is NADH-dependent, being favored when AIF is reduced and 

presumably in a dimeric state1. In IMS, AIF exists in a monomer-dimer equilibrium shifted towards dimer by 

NADH oxidation, stabilization of a long-life FADH-/NAD- charge transfer complex (CTC) and 

conformational reorganizacion3. 

 

In this context, we investigate the precise role of AIF dimerization in its physiological interaction with 

CHCHD4 and how this contributes to the NADH oxidase activity of AIF in mitochondria. For that, we 

performed the biophysical characterization of two mutants: the H454A variant, presenting the mutation in 

the AIF’s active site, leads to a reduced and dimer conformation state in absence of NADH4; and the triple 

variant -E413A/R422A/R430A- unable to stabilize the dimer in the presence of the coenzyme3. In order to 

analyze the contribution of these mutations in AIF:CHCHD4 interaction, we focused on evaluating the effects 

of these variants in AIF redox activity, structural stability/conformation, CTC stabilization, and CHCHD4 

interaction. These studies are key to understand the molecular basis of AIF redox activity in healthy cells. 
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Artificial fibrils can be engineered to create new nanomaterials with specific functions. Here we used 

amyloids as self-organizing protein scaffolds and engineered them to carry SARS-CoV-2 miniprotein 

binders, aimed to act as efficient grabbers of the virus to combat COVID-19. We exploit a modular approach 

to construct such functional amyloid nanofibers, by fusing a 20- residue-long soft amyloid core (SAC) of the 

Sup35 prion protein, as the assembling module1, to two different high-affinity spike protein minibinders2, as 

the active modules, through a flexible linker. The embedded minibinders retained their native folded and 

active conformation in the fusion, according to biophysical assays. Once assembled, the biocompatible and 

multivalent amyloid fibrils captured the spike protein and neutralized SARS-CoV-2 with IC50 values in the 

low nM range, preventing internalization in angiotensin-converting enzyme 2 (ACE2) receptor binding 

expressing cells. Notably, the nanofibrils' morphology and their neutralizing activity could be modulated by 

modifying the salt concentration in the assembly reaction. Overall, we described in this work a novel 

functional protein-based nanomaterial that might be exploited in a wide range of applications in biomedicine 

and biotechnology, including the development of SARS-CoV-2 diagnostic kits, as potential prophylactic 

agents and to implement virus-neutralizing equipment. 

 

 

Figure 1. Schematic representation of amyloid assembly into nanofibrils to capture SARS-CoV-2. 
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Most membrane-enveloped viruses (including retroviruses and RNA viruses) bud from infected cells by 

recruiting the host ESCRT machinery through the direct interaction of short and conserved viral sequences 

called Late domains with some cellular factors. Small-molecule inhibitors of these interactions efficiently 

block the egress of a number of viruses1 and are interesting candidates as novel broad-spectrum antivirals. 

LYP(x)nL Late domains bind to the V domain of the adaptor protein ALIX (ALIX-V), which is a fairly 

unexplored domain. 

We present here a thermodynamic study of the molecular determinants of ALIX-V peptide recognition using 

Isothermal Titration Calorimetry and MicroScale Thermophoresis together with a phage-display analysis of 

the binding preferences in ALIX-V peptide ligands. Also, the druggability of ALIX-V has been assessed by 

the high-throughput screening of large compound libraries in search for small- molecule inhibitors of ALIX-

V/Late domain interactions. The screening of different compound and drug-repurposing libraries using virtual 

screening methodologies combined with miniaturized Thermofluor and AlphaScreen assays has allowed the 

identification of a set of compounds that bind ALIX-V with IC50 values in the low micromolar range. Ebola 

and Marburg virus-like particle assays and antiviral activity assays against VSV and HIV-1 validated some 

of these compounds as broad- spectrum inhibitors of ALIX-V/Late domain interactions for different viruses. 

In order to further explore the druggability of ALIX-V in a richer chemical space we have developed 

miniaturized HTRF and AlphaScreen assays for the screening of the large library of actinomycetes and fungi 

extracts of the Fundación MEDIA. A pilot assay of a subset of extracts has allowed the identification of one 

novel compound with IC-50 in the low micromolar range. 

This work provides new insights of the interaction of ALIX-V with the viral proteins and paves the way 

towards the development of novel broad-spectrum antivirals. 
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We have addressed a common problem in biotechnology, the inefficient heterologous expression of proteins. 

Heterologous expression is required for the production of many proteins of industrial and therapeutic interest. 

Moreover, it is essential in metagenomics. 

As a model system, we have used the thioredoxin from Candidatus Photodesmus katoptron, an obligate 

symbiotic bacteria of flashlight fish. Obligate symbionts typically exhibit high evolutionary rates. 

Consequently, their proteins may differ considerably from their modern and ancestral homologs in terms of 

sequence and properties, providing excellent models to study protein evolution. Also, obligate symbionts are 

challenging to culture in the lab and proteins from uncultured organisms must be produced in heterologous 

hosts. Thus, obligate symbionts replicate a fundamental scenario of metagenomics studies. 

This model protein is a standard thioredoxin in terms of 3D-structure, stability and redox activity. But it has 

a slow in vitro folding (it takes several hours to reach the native state) and an inefficient expression in E. coli, 

leading mostly to insoluble protein, and replicating the typical scenario of inefficient heterologous expression. 

By contrast, resurrected Precambrian thioredoxins express efficiently in E. coli. 

We have used a statistical-mechanical model of the folding landscape to guide back-to- ancestor engineering 

of the thioredoxin from Candidatus Photodesmus katoptron. Remarkably, we find that using a few back-to-

the-ancestral mutations, we were able to rescue its inefficient expression. These results demonstrate a 

minimal perturbation, sequence- engineering approach to rescue inefficient heterologous expression which 

may potentially be useful in biotechnology. 
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Cofactors likely played an essential role in the prebiotic chemistry by catalysing some of the primitive proto-

metabolic reactions that further evolved into a more organised and complex biochemistry. This fundamental 

transition in the origin of life was facilitated by the functional association between cofactors and proteins that 

led to the emergence of some primordial enzymes. However, the evolutionary driving forces that controlled 

this chemical association remain uncertain. 

 

In this work, we describe the unexpected binding of the heme cofactor to a resurrected ancestral TIM-barrel 

protein in a well-defined buried site located in a structural region that displays a high conformational 

flexibility. Heme binding induces a rigidification of the overall protein structure leading to an allosteric 

modulation of the natural enzymatic activity [1]. Additionally, heme, which is an extremely promiscuous and 

versatile redox cofactor, provides the ancestral TIM-barrel with a substantial catalytic redox power. Free 

unbound heme displays peroxidase activity against the typical phenolic substrate o-dianisidine in the presence 

of hydrogen peroxide. However, during catalysis the extremely low solubility of the tetrapyrrole structure in 

aqueous media and the oxidative damage induced by the hydrogen peroxide inactivate the heme cofactor and 

the catalytic activity is depleted. On the other hand, heme binding to the ancestral TIM-barrel leads to the 

protection of the cofactor against aggregation and inactivation. Despite lacking a typical peroxidase active 

site, the heme containing TIM- barrel is able to catalyse peroxidase reactions with a higher number of 

turnovers than free heme. 

 

Therefore, our results suggest that this protective association between the heme cofactor and the ancestral 

TIM-barrel protein scaffold may represent a plausible general model of cofactor protection that could have 

played a key role as a driving force in the emergence of primordial enzymes. 
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Rhodopsin (RHO) is a membrane protein present in the retina of the eye in vertebrates, and acts as initial 

transducer in the light vision process. After receiving the stimulus of a photon, RHO and its cofactor 

retinylidene undergo key structural changes that triggers the transduction mechanism. One of the three RHO 

partner proteins that play crucial roles in the light conversion process is transducin (Gt). Single genetic 

mutations occurring in RHO sequence may alter the interplay with its partners, and many of them lead to 

retinal dysfunction. One of the most severe retinal dysfunction is called autosomal dominant retinitis 

pigmentosa (adRP), and eventually led to impaired dark adaptation disease. The RHO mutant Arg135 to 

Lys135 (R135L) is among these detrimental mutations and is the case study of this research. 

Gt is heterotrimeric, formed by the subunits Gtα, Gtβ, and Gtγ, and binds to one of the two monomers of the 

activated RHO dimer (dRHO). Upon binding, its α-subunit is also activated, and then is able to catalyze the 

exchange of GTP for GDP. This active conformation of Gtα has a high affinity for downstream effectors and 

a reduced affinity for Gtβγ dimer binding. 

Our Molecular Dynamic calculations 1 employing atomic model of the complex WT dRHO-Gt and the 

corresponding mutant complex dR135L-Gt, show two main structural differences between the WT and 

mutant. One of them indicates that the mutant could restrict the normal function of transducin signaling, 

because in R135L appears an interaction of the C-terminus of the RHO monomer (to which Gt is bound) with 

the active site of Gtα. The second difference is observed at the Gtα N-terminus: in R135L this tail folds and 

binds the Gtβγ dimer, whereas in complex with WT RHO the Gtα N-terminal portion do not interacts with 

Gtβγ, and is inserted deep into the membrane. This second difference most likely arises from a change in the 

relative orientation between RHO monomers, an effect provoked by the point mutation that in turn modifies 

the insertion of dRHO into the lipidic membrane. 
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Fascin is a F-Actin binding protein in charge of the cross-linking of individual Actin filaments and the 

formation of Actin bundles. Fascin is specifically over-expressed in most metastatic cancers, where its 

implication in processes of migration and invasion of tumor cells is clearly demonstrated. Fascin has been, 

thus, well established as a marker for aggressive tumors and a target for the development of novel 

antimetastatic agents. Fascin has a flexible and dynamic conformational structure and a good candidate to 

allosteric modulation.1 In order to identify allosteric inhibitors of Fascin with improved properties as 

antimetastatic drugs (better selectivity and pharmacodynamics and reduced secondary effects) we have 

developed a High-Throughput Screening platform combining: a) a detailed study of Fascin conformational 

distribution for the computational identification of relevant allosteric sites combining biophysical techniques 

with advanced molecular dynamics simulations and normal mode analysis2; b) Virtual screening of large 

compound libraries against the potential allosteric sites in Fascin; and c) In vitro screening of drug-

repurposing libraries and the large collection of microbial extracts from Fundación MEDINA. For this, we 

have implemented a miniaturized Thermofluor assay and a high-throughput image-based screening assay 

which relies on the F-Actin bundling property. This image-based assay will be essential for the screening of 

wide microbial extract libraries, allowing us to explore the vast chemical and structural diversity of natural 

products, providing, thus, new opportunities for the identification of Fascin inhibitors. 
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Phosphorylation is one of the main post-translational modifications that contribute to modulate the 

relationships between genotype and phenotype, both in health and in disease. Over a quarter million of protein 

phosphorylation sites have been identified so far, although the effects of site-specific phosphorylation on 

protein function and stability, as well as their possible impact in the phenotypic manifestation in genetic 

diseases are vastly unknown. 

In this work, we have investigated the effects of phosphorylating the S40, S82 and T128 residues of the 

human NADP(H): quinone oxidoreductase 1 (NQO1) protein, an antioxidant enzyme that is related to some 

diseases such as cancer or Alzheimer’s disease when its stability or function are altered. NQO1 is a 

flavoprotein that has FAD molecule bound per monomer which is essential for its stability and function, so 

we have evaluated how these phosphorylations affect the FAD/NQO1 relationship through biophysical and 

biochemical experiments in vitro and in cellulo studies using phosphomimetic mutations. 

We have observed that phosphorylation at different sites decreased binding affinity for FAD and structural 

stability in different regions as well as conformational stability and catalytic efficiency. These effects are 

translated inside cells as a decrease in the protein steady-levels by an increased proteasome degradation.1 
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Recycling of membrane proteins at endosomes has an essential role in maintaining cellular homeostasis, 

regulates the composition of membrane proteins at the cell surface, and hence the ability of the cell to respond 

to external signals. This process is orchestrated by protein assemblies that sort membrane proteins 

internalized by endocytosis, termed cargo, in vesicular carriers back to the cell surface, the trans-Golgi 

network, or other specific organelles. Following this recycling route, the endocytosed membrane proteins 

avoid degradation into lysosomes. Defects in this recycling process are associated with various human 

pathologies including neurodegenerative disorders. Retriever is a recently discovered multiprotein complex 

that recycles a wide range of transmembrane proteins, such as cell adhesion proteins, signaling receptors, and 

solute transporters from endosomes to the plasma membrane [1]. High-resolution structures are known for 

the structurally and functionally related complex Retromer, which is also involved in cargo recycling at 

endosomes [2,3]. However, no structural information is available for the Retriever complex. Retriever 

comprises three subunits, VPS29, VPS26C, and VPS35L. Here we present a study of the architecture and 

overall shape of the Retriever complex in solution. A recombinant form of Retriever was expressed in insect 

cells, purified to homogeneity, and analyzed by mass spectrometry. We performed size-exclusion 

chromatography (SEC) coupled to small angle X-ray scattering (SAXS) experiments to characterize the 

solution structure of the purified Retriever complex. Maltose-binding protein (MBP)-tagged versions of 

Retriever complex, in which MBP was fused to VPS26C or VPS29, were produced and measured by SEC-

SAXS. The identification of the MBP tags using the multiphase modeling program MONSA facilitated the 

location of the Retriever subunits. In addition, by expressing truncation mutants of the Retriever subunits, we 

could map the interaction domains between subunits. The combination of our biochemical data with the 

SAXS derived ab initio modeling and the predicted Alphafold2 structures allowed us to depict a model of 

the essential sorting complex Retriever. 
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Triatoma virus (TrV) is a member of the insect virus family Dicistroviridae and consists of a small, non- 

enveloped capsid that encloses its positive-sense ssRNA genome. TrV virus like particles (VLPs) have been 

previously obtained after genome release from native virions (1). The empty TrV capsid maintains a protein 

shell thickness and size identical to that in full virions. The capsid polyprotein has also been obtained in a 

baculovirus-based expression model (2). 

Due to many advantages that E. coli protein expression could represent versus the mentioned methods and to 

the variety of nanotechnological applications of VLPs, we are optimizing the expression in bacteria, 

purification and in vitro assembly of individual viral subunits. As previous results suggested the possibility 

that the coexpression of both TrV cistrons (structural and non- structural ORFs) might lead to the assembly 

of TrV-derived VLPs, we are also coexpressing the polyprotein precursor and protease in bacteria. Virus like 

particles (VLP) self-assembly in vitro from protein subunits have been assayed under different conditions 

(protein concentration, temperature, pH, ionic strength, presence of macromolecular crowding agents or 

biopolymers). The development and redesign of virus-based platforms for biomedical and biotechnological 

applications will benefit from easily obtained and modified recombinant viral proteins. 

 

 

Figure 1. Arrangements of individual subunits (VP1, VP2 and VP3) within capsid pentamers Ribbon 

representation of major viral proteins empty capsids (pdb: 3NAP). 
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Icosahedral viruses, such as those of the genus Picornavirales, have capsids with different axes of symmetry. 

The crystallographic structures of these small non-enveloped viruses (about 30 nm in diameter) show the 

presence of ions five-fold symmetry axis. The role these ions play in the multiple functions of the capsid 

remains unclear. 

It has been proposed that the cavity present along the five-fold axis of icosahedral, and non enveloped viral 

capsids, could behave as an ion channel.1 Theoretical studies based on molecular dynamics and quantum 

mechanics on Triatoma virus (TrV), have shown that a cation located in the five-fold axis allows the waters 

to fill a hydrophobic neck. Furthermore, ions and water molecules form a proton-diode, protons can leave the 

capsid but not enter it.2,3 

In this work, the Cricket Paralysis Virus (CrPV), a virus closely related to TrV and with a very similar capsid 

structure,4 was studied. A hydrophobic neck of approximately 6 Å, coincident with the ring formed by 

Leucines, was found inside the five-fold axis pore. 

Our finding indicates that along the five-fold axis there are two binding sites for calcium. The position of one 

of these sites agrees with the electron density on the X-ray map attributable to an ion. The second position is 

3 Å from the first, close to another carboxylic oxygen. Unlike what happens in TrV, in which the gate hydrates 

when the cation is present, the CrPV hydrophobic region remains devoid of water, even in presence of cations. 

We can hypothesize that in CrPV these potential ions might be involved in interactions that stabilize the 

capsid, but do not mediate proton permeation, as suggested in TrV. 
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α-Synuclein aggregation is a key driver of neurodegeneration in Parkinson’s disease and related syndromes. 

Accordingly, obtaining a molecule that targets α-synuclein toxic assemblies with high affinity and 

conformational selectivity is a long-pursued objective. Here, we have exploited the biophysical properties of 

toxic oligomers and amyloid fibrils to identify a family of α-helical peptides that bind to these α-synuclein 

species with low nanomolar affinity, without interfering with the monomeric functional protein. This activity 

is translated into a remarkable anti-aggregation potency and the ability to abrogate oligomer-induced cell 

damage. With a structure-function relationship in hand, we identified a human peptide expressed in the brain 

and the gastrointestinal tract with exceptional binding, anti-aggregation, and detoxifying properties. The 

chemical entities we describe here represent a new therapeutic paradigm and are promising tools to assist 

diagnosis by detecting α-synuclein toxic species in biofluids1. 
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Transthyretin misfolding and amyloid aggregation is associated with a group of fatal diseases named 

transthyretin amyloidosis (ATTR).1 Most forms of ATTR are associated with inherited mutations that 

destabilize the protein’s native state. Yet, wild-type (WT) protein deposition might also occur in elderly 

people. Small molecules that bind to TTR act as kinetic stabilizers, preventing tetramer dissociation and thus 

protein aggregation. In this context, we have applied a molecular dynamics (MD) simulations aided analysis 

to the rational design of a collection of tolcapone derivatives, a potent TTR aggregation inhibitor,2 with 

optimized activity. This strategy crystallized in the discovery of M-23, a tolcapone congener displaying one 

of the highest binding affinities described for WT-TTR thus far. The crystal structure of M-23 bound to WT- 

TTR at 1.2 Å confirmed the formation of the new and strong protein-ligand contacts predicted by MD 

simulations resulting in a higher tetramer stabilizing activity both in vitro and in human plasma, in 

comparison with tolcapone. Altogether, the results of this study support the application of MD simulations 

in the design of TTR ligands that, as M-23, hold the potential to become potent ATTR disease-modifiers. 

 

 

Figure 1. Schematic pipeline illustrating the development of M-23. 
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Protein unfolding or misfolding and its consequent aggregation is on the basis of several neurodegenerative 

pathologies like Alzheimer, Parkinson and Huntington’s diseases 1. In most cases the unfolding or misfolding 

of specific proteins lead to the exposure of hydrophobic patches that interact with each other leading to the 

formation of pathological aggregates 2. In this context, understanding the mechanism of protein unfolding, 

misfolding and aggregation may pave the way to the design of drugs against these diseases. Some compounds 

are known to reduce or eliminate protein aggregation. For instance, poly(ethylene glycol) (PEG) has been 

described to have contradictory effects on protein stabilization 3. In our lab It was found that PEG reduces 

the thermal stability of myoglobin, used as a model protein, but its aggregation is reduced with intermediate 

molecular weight polymers. This was related to the increased unfolding reversibility found in the same 

conditions, which was supported by initial molecular dynamics simulations studies of protein unfolding in 

the presence of PEG 4. In this work further simulations were carried on in order to disclose the molecular 

basis of this effect. In systems with a unit of native or unfolded myoglobin, the polymer chains with higher 

molecular weight showed a greater tendency to interact with each other than with the protein probably due to 

their greater hydrophobicity. This leads to the formation of polymer aggregates and a decrease of individual 

chains interaction with myoglobin. In systems with two unfolded myoglobin units, higher chain length 

polymers show a tendency to form aggregates and to interact with the protein. Cluster analysis of the latter 

systems reveals that the proteins in these systems distributed on the surface of the approximately spherical 

shape polymer aggregates, which seem to prevent the proteins from fully interacting, although they are still 

close. These results further support the hypothesis that PEG molecules act as a shield to prevent unfolded 

forms of myoglobin to interact and form aggregates. 
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mTORC1 assembly and activation requires the participation of R2TP, a complex composed by RUVBL1, 

RUVBL2, RPAP3 and PIH1D1 proteins, working in concert with the HSP90 chaperone. This pathway needs 

of additional factors whose function is still poorly characterized. The TTI1-TTI2-TELO2 complex (TTT 

hereafter) for instance, seems to participate in delivering mTOR to the R2TP-HSP90 chaperone complex and 

it also regulates R2TP-mediated ATP-hydrolysis (Pal et al., 2021 (1)). WAC (WW domain containing adaptor 

with coiled-coil) has also been implicated in the activation of mTORC1 and suggested that it interacts with 

the R2TP complex based on pull-down experiments from cells. WAC also seems to participate in other 

cellular processes, such as the modulation of autophagy (David-Morrison et al., 2016 (2)) or the activation of 

Polo-like Kinase 1 (Qi et al., 2018). 

We have cloned, expressed and purified WAC, testing their expression in E. coli, insect and mammalian cells, 

and characterizing which system behaves better to produce WAC protein in quality and quantity suitable for 

biochemical and structural studies. Purified WAC was used to analyse its direct interaction with several 

components of the R2TP system. In vitro and using purified proteins, pull-down experiments revealed that 

recombinant WAC directly interacts with the RUVBL1-RUVBL2 complex in the presence and in the absence 

of RPAP3-PIH1D1 and, to a lesser extent with the RPAP3-PIH1D1 complex alone. WAC also interact with 

some of the components of the TTT complex. These results reveal that WAC forms a complex with the R2TP 

machinery implicated in mTORC1 assembly and activation. Further work will be required to elucidate what 

is the role of WAC in this system. 

 

 

Figure 1. WAC interaction analysis. WAC directly interacts with RUVBL1-RUVBL2, TP, R2TP, TTT 

complex and mTOR. 
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Double-stranded nucleic acids (dsDNA and dsRNA) are complex macromolecules with important biological functions 

inside the cell. The packaging conditions in which they are found in vivo, such as dsDNA bent around histones, suggest 

that the regulation of the genetic code is largely determined by the mechanical properties of nucleic acids1. 

Remarkably, some biological processes involve the deformation of the double helix with a force exerted at the base step 

level, e. g. the interaction of dsDNA with enzymes, but the existing method2 to compute the elastic parameters of the 

Elastic Rod Model from the fluctuations of the double helix is not suitable for the study of perturbed chains. In this work, 

we overcome this limitation by presenting a generalization of the precedent method, and whose applicability range 

extends to stretched, twisted or bent chains under the action of some mechanical stress. 

We exploit this novel approach by analyzing data of configurations of nucleic acid chains from atomistic MD simulations 

and computing the evolution of the elastic parameters with a stretching force. This inspection reveals another fundamental 

distinction between dsDNA and dsRNA: the former stiffens with the stretching force exerted, while the latter becomes 

softer. We find that this different behavior emerges from an opposite variation of the slide - a crucial micromechanical 

feature of double-stranded nucleic acids, whose importance has already been emphasized by previous studies3 

 

Figure. Schematic representation of dsDNA. 
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Retrotransposons are endogenous elements that have the ability to mobilise their DNA between different 

locations in the host genome. The Ty3 retrotransposon integrates with an exquisite specificity in a narrow 

window upstream of RNA Polymerase (Pol) III-transcribed genes, representing a paradigm for harmless 

targeted integration. Here we present the cryo- EM reconstruction at 4.0 Å of an active Ty3 strand transfer 

complex bound to TFIIIB transcription factor and a tRNA gene. 

 The structure unravels the molecular mechanisms underlying Ty3 targeting specificity at Pol III-transcribed 

genes and sheds light into the architecture of retrotransposon machinery during integration. Ty3 intasome 

contacts a region of TBP, a subunit of TFIIIB, which is blocked by NC2 transcription regulator in RNA Pol 

II- transcribed genes. A newly-identified chromodomain on Ty3 integrase interacts with TFIIIB and the tRNA 

gene, defining with extreme precision the integration site position 

 

 

Figure. Ty3 retrotransposon strand-transfer complex (STC) bound to TFIIIB transcription factor and the 

t(GUC)K gene. 
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The mechanical properties of nucleic acids are intimaly linked to their structures and functions. Despite the 

multiple biological functions of single-stranded RNA (ssRNA), the mechanical behavior and elastic properties 

of naturally occurring ssRNA molecules are largely unknown. We have used a sigle-molecule manipulation 

method, optical tweezers, to apply mechanical force to the ends of indivudal Influenza A ssRNA genome 

segments in order to determine their mechanical properties. We measured the average extensions of (-) and 

(+) viral ssRNA molecules as a function of the applied force and the ionic composition to extract information 

about their elastic properties and quantify the amount of secondary structure. We introduce a theoretical 

phenomenological model for ssRNA folding that reproduces the force-extension curves and sheds light on the 

interplay between base pairing, base stacking and electrostatic interactions in regulating the secondary 

structures of the viral ssRNAs under study 
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In yeasts, the CST complex is implicated in the telomere replication and stability. Three proteins, Cdc13, Stn1 

and Ten1, form this complex, being the Cdc13 the least conserved component among species. In this work, 

we use magnetic tweezers to elucidate the binding mechanism of the Candida glabrata Cdc13 to telomeric 

DNA sequences at a single molecule level. Cdc13 is formed by four different OB-fold domains (OB1, OB2, 

OB3 and OB4) which are involved in protein dimerization, DNA binding and interaction with other proteins, 

but the specific function of each domain and their contribution in the DNA binding are still poorly understood. 

 With our setup, we have been able to analyze the effect of different constructions lacking specific OBs in the 

binding of Cdc13 to ssDNA. Our results reveal that, while the presence of OB3 is strictly necessary for the 

Cdc13 binding to ssDNA, the deletion of one of the others three OBs affect to the binding in a significant way. 

With our work, we could also describe that only the OB3 is not sufficient to promote the binding, as we did 

not observe any binding using an isolated OB3 domain. Those results suggest that the other domains, even if 

they are not directly involved in the binding to DNA, are a requirement for the proper conformation of the 

protein that allow to the optimal DNA-protein interaction. 
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Supramolecular self-assembly provides the possibility to generate modular and tunable materials with self-

powered stimuli-responsive properties. Ionic liquid-based soft materials, or ionogels present non-volatility, 

high ionic conductivity and thermal, chemical and electrochemical stability. The molecular self-assembly 

mechanisms of bio-based molecules in ionic liquids are complex and still poorly understood, as ionic liquids 

themselves present self- assembling properties. The versatility of the ionic liquids can be matched to the 

properties of the gelator molecules, leading to rationally designed structured materials [1]. Furthermore, 

ionogels can incorporate liquid crystal compartments, resulting in hybrid gels with electrical and optical 

responses to volatile organic compounds (VOCs). 

 In this work, ionogels and hybrid gels are studied as gas sensing materials in dry and humid environments in 

a custom-built optical signal transducer [1], [2]. Alternatively, the optical textures created by the liquid crystal 

component of hybrid gels upon VOC exposure can be used as a VOC fingerprint where deep convolutional 

neural networks were employed as pattern recognition systems to analyse the optical textures and generate 

automatic VOC classifiers [3]. The versatility shown by the developed opto-electronic gas sensing soft bio-

based materials opens a wide range of applications within biological, medical and industrial fields [4]. 
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The CST complex, composed of Cdc13, Stn1 and Ten1 in yeast, mediates the replication and stability of 

telomeric DNA. Cdc13, the least evolutionarily conserved component, features four concatenated OB-fold 

domains, whose architecture and functions remain poorly understood. We dissected the molecular architecture 

of Candida glabrata Cdc13 and showed how each of its OB folds contributes to its self-association and binding 

to telomeric DNA sequences. Using a combination of biochemical and biophysical tools, we concluded that 

all individual domains contribute to DNA binding despite not being directly implicated in the binding itself. 

Analyzing Cdc13 mutants lacking one or more OB-fold domains, we observed that Cdc13 forms dimers 

primarily through the interaction between OB-fold 2 (OB2) domains, stimulating the binding of OB3 to 

telomeric sequences. Furthermore, we showed that C. glabrata Cdc13 and CST form higher-order complexes 

via oligomerization through OB1. Our results reveal the molecular organization of C. glabrata Cdc13, how 

this regulates DNA binding, and imply that the distinct architectures of yeast Cdc13 share common principles. 
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The secondary and tertiary structure adopted by a single-stranded RNA molecule can be a key determinant for 

its function in cellular processes. However, the majority of single-stranded RNAs remain structurally 

uncharacterized and the relation between the nucleotide sequence and the final folded conformation is still 

unclear. In this work, we used Atomic Force Microscopy (AFM) to obtain images of single RNA molecules 

both in air and liquid environment to assess their conformation. We focus on the study of the 5’ UTR of the 

Sars-CoV-2 genome whose secondary structure map has been recently characterized [1]. Despite the resolution 

limitation we can identify structured domains based on the volume distributed along the molecule and visualize 

the flexibility of the molecule in liquid environment. In the future, we aim to study long non-coding RNAs 

structure with these methods, as they are becoming increasingly relevant in cellular functions such as 

regulation or sister chromatid cohesion. 
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Among the many types of DNA damage within the cell, probably the most deleterious is a double-strand break 

(DSB) which is lethal if left unrepaired. Consequently, cells possess multiple mechanisms to fix DSBs 

including the homologous recombination (HR) and the non- homologous DNA end joining (NHEJ) pathways. 

The HR pathway involves many protein factors which recognize the DSB and process it for accurate repair 

using an undamaged DNA molecule as a template. One key factor is the CtIP protein, which is involved in the 

recognition and resection of broken DNA ends during the S and G2 phases of the cell cycle. Our previous 

work showed that CtIP protein is a tetrameric protein with a dumbbell architecture in which DNA binding 

domains are connected through long coiled-coils [1]. 

 

To study the interaction between CtIP and DNA ends, we have developed a magnetic tweezers assay to monitor 

DNA-end tethering at the single-molecule level. CtIP stably binds and bridges DSBs with a preference for 

forked versus blunt DNA ends and in a manner that is potentiated by CtIP dephosphorylation. We have also 

investigated DNA-end bridging by different CtIP mutants implicated in human diseases. Deletions at the C-

terminal domain prevent DNA bridging but mutations at the N-terminal domain weaken the interaction. Our 

data suggest that these CtIP variants might disrupt the HR process because of their failure to efficiently tether 

broken DNA ends together. 
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Atomic Force Microscopy allows us to study the topography of individual biomolecules, however, it is often 

impossible to distinguish individual subunits in complexes or the orientation of molecules. To overcome this, 

our samples could be labeled with fluorescent tags. 

 

In this work, we have built a custom AFM-TIRF microscope with which we can scan and accurately excite 

the surface of a sample. So far, we have successfully visualized DNA molecules in air in tapping mode, as 

well as fluorescent beads of different sizes and quantum dots. Also, these fluorescent markers were 

successfully seen in the TIRF microscope. 

 

From here, we aim to measure fluorescently tagged DNA interacting proteins altogether with different DNA 

molecules, explore the ultimate resolution we can acquire as well as the capability to discriminate between 

different molecules in the AFM. 
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Defective molecular, cellular and tissue mechanics are emerging hallmarks for several pathologies [1-3]. A striking 

example is the way cancerous tumors can integrate mechanics to avoid the immune system. Tumor cells present profound 

alterations in their composition, structural organization, and functional properties. The altered mechanical phenotype of 

cancerous cells has so far been linked to changes in their cytoskeletal regulation and organization. However, evidence 

exists that the plasma membrane (PM) of cancer cells also shows drastic changes in its composition and organization. 

Novel approaches are needed for the quantitative and label-free characterization of the mechanical landscape in cancer 

cells, focused specifically on the PM since it represents the first barrier any drug will encounter. Here, the biomechanical 

properties of PM of a series of MCF10 cell lines, used as a model of breast cancer progression, are investigated [4]. 

Notably, a strong correlation between the cell PM elasticity and oncogenesis is observed. 

The altered membrane composition under cancer progression, as emphasized by the PM-associated cholesterol levels, 

leads to a stiffening of the PM that is uncoupled from the elastic cytoskeletal properties. Conversely, cholesterol depletion 

of metastatic cells leads to a softening of their PM, restoring biomechanical properties similar to benign cells. As novel 

therapies based on targeting membrane lipids in cancer cells represent a promising approach in the field of anticancer 

drug development, this method contributes to deciphering the functional link between PM lipid content and disease. 

Figure 1. Cholesterol-enrichment at the PM surface correlates with a stiffening of the cell membrane and oncogenesis. A series of breast cancer cell lines (healthy 

MCF10A, pre-malignant MCF10AT, and malignant MCF10CA1a) was used to study the relationship between dysregulation of cholesterol content, mechanical resilience 

and malignancy level. 
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The generation and response to mechanical forces determine cell and tissue behaviour in health and disease. 

The heart undergoes complex and multiscale remodelling processes in response to physiological mechanical 

cues. For example, sustained mechanical overload shifts the homeostasis of the cardiovascular system toward 

maladaptive myocyte remodelling, which may result in cardiac failure1. Titin is key to the force-generating 

and mechanosensing properties of muscle cells and titin mutations are a major cause of dilated cardiomyopathy 

(DCM) and musculoskeletal disease2. 

Several approaches have been implemented to examine the role of protein mechanics in physiology through 

modulation of the levels of mechano-active proteins; however, these strategies also interfere a method to 

specifically manipulate titin mechanics in living cells. We are generating titin mechanical loss-of-function 

(mLOF) cardiomyocytes models by TEV-protease-based specific protein severing leading to specific cessation 

of protein force transduction through titin (Figure1). Starting from a recently generated knock-in mouse 

model3, we have found that expression of TEV protease in HaloTag-TEV-titin neonatal cardiomyocytes alters 

titin localization and cell contractility. 

 

 

Figure 1. Mechanical loss-of-function (mLOF) cardiomyocytes models by AAV6-mediated TEV expression. 
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Titin (TTN) is essential for normal cardiac function by providing mechanical support to other proteins in the 

sarcomere and behaving as a mechanosensing protein. Indeed, familiar dilated cardiomyopathy (DCM) is a 

common inherited pathology frequently associated to truncating mutations of TTN [1]. 

Knock-out and Knock-down models have been used to reduce TTN levels and study its effects in the 

sarcomere. However, these animal models are non-viable [2], leaving the mechanosensing role of TNN 

unexplored. In this regard, we are currently characterizing the cardiac phenotype of a viable animal model 

(HaloTag-TEV-TTN) that can mimic the mechanical loss-of-function (mLOF) of TTN without affecting the 

rest of its non- mechanical functions [3]. 

To this end, we performed in vivo TTN I-band region cleavage by AAV9-mediated expression of TEV 

protease-GFP and we analyzed its expression by immunofluorescence techniques. Moreover, we also explored 

the changes in the ventricular myoarchitecture by immunohistochemical and histological techniques. Our 

results may contribute to unravel the effects of the decrease of TTN mechanical transduction by specific 

cleavage of the TTN, and its role on the etiology of familiar DCM. 
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Mesenchymal stem cells (MSCs) are a golden target for tissue engineering and regenerative medicine due to 

their indefinite self-renewal potential and great multilineage differentiation for instance into bone, cartilage, 

and adipose tissue1. In bone tissue engineering, the osteogenesis of MSCs is of critical importance for 

improving traumatic bone healing and therapy for genetic bone diseases. Although metabolomics has already 

contributed to some extent towards the understanding of the osteogenic mechanism of MSCs1-4, studies on 

the role of lipids metabolism are still scarce3,4. In this study, we monitored the lipid profile of human adipose-

derived MSCs, in 2D culture, as a function of osteogenic differentiation, using nuclear magnetic resonance 

(NMR) untargeted metabolomics. 

 Changes in the lipid composition of human adipose-derived MSCs were interpreted in detail based on 

multivariate and univariate statistical approaches. Our 1H NMR strategy detected various groups of lipids with 

statistically relevant changes throughout the whole 21-day period of osteogenic differentiation. These 

comprised cholesterol, phosphatidylethanolamine, plasmalogens, sphingomyelins, mono- and polyunsaturated 

fatty acids, among others. These results may provide essential clues for the basic knowledge of stem cells 

osteogenesis and unveil lipid biomarkers of MSCs for osteogenesis. 
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The project will attempt to provide an integrative description of the mechanics of wound healing with a specific 

focus on the role of membrane remodelling and cell shape changes during the process in Drosophila embryos1. 

Soon after a wound is created within an epithelium, actomyosin forces are generated at the edge of the wound 

and neighbouring cells needs to actively modulate their shape to seal the tissue in an efficient way. How these 

cell shape changes are controlled and regulated remains elusive. Our research aim is to provide a description 

of individual cell and tissue deformation and localisation of different proteins involved in the regulation of 

membrane trafficking and recycling during the healing process. Using Drosophila genetics, we can investigate 

the role of specific pathways involved in membrane recycling in the repair process. Finally, we will attempt 

to measure membrane mechanics and tension over time2 during the healing by combining live microscopy 

with quantitative image analysis and biophysical models. Overall, this study is an interdisciplinary project 

involving Drosophila genetics, high-resolution live imaging, image analysis as well as processing and 

biophysical modelling. 

 

 

Figure 1. Cells changing the shape to heal a wound in Drosophila Melanogaster. The marker is CAAX 

labelling cellular membranes. 
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Wound healing is a dynamic, multifaceted process in which a living organism replaces lost or damaged tissue 

and cellular structures. Understanding the physical forces and epithelial mechanics that drive cellular responses 

during wound repair processes is crucial for major advances in (bio-)medical applications. Yet, the 

contribution of tissue mechanics (setting tissue deformation upon forces) to wound healing in live animals 

remains poorly understood. Here, we use live Drosophila melanogaster embryos (that have high similarities in 

terms of regulation with vertebrates) as a model system to reveal how changes in epithelial mechanics are 

controlled during wound repair. Combining Drosophila genetics with laser dissection, we measure the changes 

in epithelial mechanics within the wounded tissue and link these to specific wound healing regulatory signals. 

We additionally focus on the role of the cytoskeleton during the repair process and describe how actin and 

myosin as well as microtubules affect the kinetics of healing. We further present a novel procedure1,2 allowing 

the application of controlled forces on a single magnetic particle embedded within the tissue in vivo that will 

aid in improving our understanding of the physical forces acting during the healing process. 

 

 

 

Figure 1. Wound healing in a Drosophila melanogaster embryo with spaghetti squash GFP as a marker. The 

marker labels myosin accumulating at the interface with the wounded cells forming a cable that operates as a 

purse- string3 to close the wound. 
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The lack of control over the cell microenvironment that conventional cell culture methods present, combined 

with the complexity of the current technologies for cell monitoring have resulted in the research on innovative 

cell culture and cell monitoring [1,2]. In this work, we present a novel platform that allows the in situ study of 

cell behaviors with high control over the essential parameters that affects cell microenvironment (cell-cell and 

cell-extracellular matrix interactions). The system is based on the controlled cell adhesion to prearranged 

patterns combined with the deposition of functionalized microbeads surrounding each cell colony. We 

produced patterns of mesenchymal stromal cells (MSCs) in small colonies with controlled number of cells-

per-colony. The microbeads acted both as carriers of a growth factor and as biosensors for the in situ detection 

of cell secretion. On the one hand, this allowed the solid-phase presentation of Fibroblast Growth Factor (FGF-

2) to the cell colonies with controlled dosage. On the other hand, this enabled the detection and quantification 

of the secretion and diffusion of Vascular Endothelial Growth Factor (VEGF) through an adapted 

immunoassay and a novel aptamer. This versatile and adaptable method allows both to control cell interactions 

present in real conditions and to monitor intracellular and extracellular processes, which would be beneficial 

to a broad interdisciplinary audience of academic and industry researchers involved in laboratory practice. 

 

 

Figure 1. Combined patterns of cells and microbeads. A) Brightfield microscopy images of MSCs patterns 

proliferation mediated by the solid-phase presentation of FGF-2. B) Brightfield and fluorescence microscopy 

images of VEGF secretion and diffusion from the small MSCs colonies. 
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Changes in tissue stiffness or forces transmitted across tissues drive cell functions and behaviour. 

Cardiovascular system is inherently mechanical, and how its cells and tissues interplay with mechanical forces 

emerges as an important aspect of its physiopathology. Caveolin-1 (Cav1) is an essential constituent of 

caveolae, flask-shaped invaginated nanodomains of the plasma membrane that act as mechanosensing and 

mechanoadapting structures through tension-driven flattening and disassembly and membrane trafficking. 

Cav1 phospho-Tyr14 is an important regulatory node that regulates caveolae internalization and specific 

downstream functions, but its relevance to cardiac remodelling has not been explored. 

 

Upon heart damage, the non-injured myocardium is subjected to mechanical overload to preserve heart 

functionality. In the physiological context of myocardial repair and regeneration, we have studied the role of 

Cav1 phosphorylation on mechanical adaptation to myocardial infarction. We previously found that Cav1 is a 

pivotal regulator of extracellular matrix (ECM) physical remodeling and tissue fibrosis [1,2] and also that 

specific non-collagen ECM components are sorted into exosomes through a Cav1-dependent mechanisms [3]. 

 

Thus, Cav1 regulates ECM remodeling both chemically (exosomal deposition) and mechanically. In the 

present work, proteomics analysis of infarcted hearts suggest that Cav1 mutant mice present an altered 

deposition of ECM proteins, which might impair the recovery of cardiac function. In agreement with this, 

aberrant histopathological features were observed in scars formed in mutant hearts. Here, we provide several 

evidences suggesting that Cav1 is a key player on mechanoadaptation and machanoresponse in challenged 

hearts. 
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From a structural point of view, cell nuclei can be described as formed by two different regions: an outer 

compact layer defined by the fibrillary lamin network and the associated heterochromatin; and the inner 

nucleoplasm mainly constituted by less compacted chromatin. This structure resembles to that from many 

fruits and, as we can press a piece of fruit to get an idea of its ripeness, we can also obtain mechanical 

information about cell nuclei in a similar way (indentation). 

 

Here, we present a novel framework for the mechanical and structural characterization of the cell nucleus from 

data obtained by optical tweezers indentation assays. We propose that there is no defined boundary between 

the nuclear peripheral layer and the nucleoplasm, but rather a gradient of material compaction. To characterize 

this gradient, we define a compaction parameter, Ф, which condensates the information coming from the 

indentation force and the poroelastic theory relaxation time measured at different indentations depths. 

 

We found that the compaction order parameter shows an exponential decay in function of the distance for the 

compaction parameter, and that decay is defined by a characteristic length, ξ; that resembles some aspect of 

spatial phase transitions. These promising results lead us to explore the ability to detect perturbations in the 

nuclear compaction gradients. Then, we analyzed nuclei from T- cells upon activation triggered by 

PHA+PMA, a process which involves important alterations in the chromatin organization. Our observations 

reveal that the activation process leads to a significant change of the nuclear compaction gradient reflected in 

alterations over the characteristic length. 
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Glycosylation is a common post-translational modification in membrane proteins with a major impact on 

cellular function. Despite a deep knowledge of the mechanisms of glycosylation, little is known about how it 

affects the spatiotemporal organization of proteins at the plasma membrane. 

Recently, it has been shown that HeLa cells wearing glycosylation mutations in the α5β1 protein have altered 

proliferation1 and migration rates.2 The subunit α5 is a type I membrane glycoprotein that, together with the 

β1 chain forms an integrin that functions as a fibronectin receptor, participating in cell-matrix adhesion and 

cell signaling. 

To explore the role of glycosylation at the molecular level, we have carried out live-cell single-molecule 

imaging of wild-type and mutated α5β1 integrins in the plasma membrane of HeLa cells. Through single-

particle tracking, we have quantified the lateral motion of the integrin, revealing different diffusion features 

associated with changes in glycosylation. 

We have further performed co-immunoprecipitation of the α5 subunit and mass spectroscopy analysis to 

identify proteins that differentially and selectively interact with wild-type and mutated forms of the subunit. 

Our study has been complemented with cell proliferation and migration assays analyzed through novel deep-

learning tools.3,4 

Overall, our experiments allow us to propose a link between the effect that glycosylation produces at the 

molecular scale and alterations of function observed at the cellular level. 

We are currently broadening our analyses and widening the palette of techniques to learn about dynamic 

changes in protein-protein interactions associated with our observations. In particular, we have generated cell 

lines stably expressing α5-HaloTag to further explore integrin behaviour at the basal membrane and in the 

focal adhesions. 
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Understanding how tissues remodel and deform is essential to reveal the shaping of organisms during animal 

development. A proper tissue response to mechanical constraints is necessary to avoid major morphological 

defects or diseases. For instance, during morphogenesis or wound healing, tissues actively respond to stresses 

to deform and promote shape changes. This project aims to understand how biological tissues respond to 

stretch in vivo during Drosophila morphogenesis. 

 During dorsal closure, a process during late embryogenesis in the Drosophila embryo, the epidermis -e.g. the 

tissue covering most of the embryo’s surface at that stage- undergoes a significant stretch in order to cover the 

full embryo’s surface1. This unidirectional epidermal stretch is due to the activity of combined forces pulling 

on the two edges of the tissue. During this process, the force generation has been extensively studied and a 

predominant role of the actomyosin cytoskeleton has been identified1. However, how the mechanics of the 

epidermis could influence the process and whether it actively controls the stretch and the extend of tissue and 

cells elongation during dorsal closure is still unclear. In this project, we developed methods to analyze 

epidermal stretching in vivo with an unprecedented resolution. 

Combining high resolution live microscopy with quantitative image analysis, we could extract dynamic 

changes in cell shapes at single cell level and correlate these changes with organization of intracellular actors 

such as the microtubules or the actomyosin cytoskeleton. Cytoskeleton organization together with other 

intracellular processes, is likely to influence the mechanical properties of the epidermis and further 

deformation of the tissue. We are developing methodologies to quantitatively assess these properties and their 

changes over time2. Finally, we are also relating these changes in cell shape, actomyosin organization and 

tissue mechanics to regulatory signaling pathways to reveal how tissue stretching is controlled and regulated 

during animal development. 
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Palladium(II)-compounds are increasingly emerging as alternatives to Pt(II)-based anticancer drugs, mainly 

cisplatin, potentially overcoming the high toxicity and acquired resistance characterizing the latter.1 Palladium 

chelates with biogenic polyamine spermine (Pd2Spm) have displayed favorable antineoplastic and 

antimetastatic properties against distinct human breast cancer cell lines.2 However, Pd2Spm action needs 

further validation in vivo, namely using mouse models of triple-negative breast cancer (TNBC), a particularly 

aggressive type of breast cancer for which existing therapies would still benefit from improvement. 

The present work reports the metabolic response of TNBC tumors' tissue from an MDA-MB- 231 cell-derived 

xenograft mouse model, treated either with Pd2Spm or cisplatin (reference drug), compared to vehicle-treated 

mice. The metabolic profile of both polar and nonpolar extracts of TNBC tumors was characterized through 

1H Nuclear Magnetic Resonance (NMR) metabolomics and chemometrics. 

Results show specific-drug responses in polar and lipophilic metabolomes. Surprisingly, Pd2Spm induced a 

more pronounced impact on polar compounds, compared to cisplatin, triggering a stronger and higher number 

of variations in some amino acids, nucleotides and derivatives, membrane precursors, dimethylamine, 

fumarate and guanidine acetate. On the other hand, neither drug was observed to significantly affect lipidic 

tumor metabolism. Putative biochemical explanations are proposed on the Pd2Spm impact in TNBC 

metabolism, correlating the polar metabolic pattern with the cytotoxicity and/or mechanism of action of this 

palladium complex. 
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Currently, deep learning allows for numerous applications in computer vision and image analysis, including 

the emerging field of next-frame prediction. In short, next-frame prediction architectures leverage the 

understanding of the information in previous frames to predict the subsequent frames. 

 

In this work, we investigate the cellular mechanisms underlying tissue organisation and remodelling during 

animal morphogenesis using state-of-the-art deep learning approaches. More specifically, we build on modern 

computer vision architectures for natural video processing1 and adapt them to obtain spatio-temporal 

predictions of high-resolution microscopy (3D+time imaging) data of Drosophila melanogaster embryos. 

Particularly, of the processes of wound healing and epithelial contraction during animal development. 

 

By means of these types of architectures, we aim to develop novel methods to predict cell behaviour, protein 

localization, cell mechanics and epithelial tensions during the shaping of tissues and organs in multicellular 

systems. 

 

We believe the use of such neural networks and their predicted outputs can reveal biophysical principles 

underlying tissue remodelling and morphogenesis. Moreover, the development of these novel analysis methods 

at the cellular and intracellular scales could provide new hints on the origin of developmental anomalies during 

animal development and ageing, including the initiation of diseases such as cancer 
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Application of external mechanical forces on cancer cell monolayer can induce a biodynamic response of the 

cells under certain strategic conditions. Here we present a dynamic response of two PANC-1 cancer cells 

during a wound closure process. The cells proceed from the two facing edges of a scratched cell monolayer 

and show a singular interaction 36hours after their exposure to low pressure amplitude oscillatory mechanical 

forces. 

There are not precedents in the literature in this regard, so this is the first attempt to show such singular behavior 

of the cells, which is shown in Figure 1. 

 

 

 

 

 

 

Figure 1. Figure caption. Experimental setup for the study of the single cancer cells behavior inside the 

incubator 26 hours after their exposure to oscillatory mechanical forces (f 1 MHz). 
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Aquaporins (AQPs), a family of transmembrane proteins, are responsible for the bidirectional transfer of water 

and small solutes across cell membranes in different human tissues. AQPs have important physiological 

functions in both exocrine and endocrine pancreas. AQP3 and AQP5 are known to be overexpressed in 

exocrine pancreatic cancer, playing key roles in cell migration, cell proliferation and invasion. 

 Our study aimed to evaluate changes in the biophysical, biomechanical and morphological properties of 

pancreatic cancer cells, as well as their changes upon silencing of AQP3 and/or AQP5. Our results show that 

silencing AQP3 and AQP5 had implications on cell migration, with the silenced cells showing slower recover 

of wounded area. We assessed membrane fluidity of the different cells using multi-photon scanning 

fluorescence microscopy to measure laurdan generalized polarization (GP). Silenced AQP5 and AQP3/5 cells 

(combined silencing of both AQPs) showed lower GP values, meaning that they have higher membrane 

fluidity. Using atomic force microscopy (AFM), we evaluated biomechanical and morphological properties.  

AQP5 and AQP3/5 silenced cells were shown to be softer than the control. Furthermore, these silenced cells 

were also shown to be smaller, with lower volume, higher height and increased surface roughness, when 

compared with the control cells. Through cell- cell adhesion measurements conducted by AFM, we also saw 

that the energy and force necessary to detach two cells were lower in AQP-silenced cells than for the control, 

showing that these AQPs have implications on cell-cell adhesion. 

 These findings suggest AQP3 and AQP5 contribution for cell migration and cell-cell adhesion. Water 

channels play a significant role in tumor development. Our findings provide new insight into possible strategies 

toward the development of antitumor therapies. 
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The progression of a large number of pathologies, such as tumor development and diabetes, is dependent on 

the development of new blood vessels. Glioblastoma multiforme (GBM), in particular, is characterized by a 

dramatic metabolic imbalance leading to increased secretion of the pro-angiogenic factor VEGF and 

subsequent abnormal tumor vascularization. In 2009, FDA approved the intravenous administration of 

bevacizumab, an anti-VEGF monoclonal antibody, as a therapeutic agent for patients with GBM. In this work, 

we show that computational modeling can be used to quantitatively understand how the dynamics of VEGF 

secretion and diffusion, and subsequent vessel growth, depend on bevacizumab presentation. The implemented 

mathematical model of vessel growth is able to capture the resilience of neo-vascular networks' morphology. 

We have engineered a VEGF nanotrapper, a cargo system that allows cellular uptake of bevacizumab and 

strongly inhibits VEGF secretion required for angiogenesis activation and development. Here, we show the 

therapeutic efficacy of this nanocargo in reducing vascularization and tumor cell mass of GBM in vitro and in 

vivo cancer models. Moreover, the computational model highlights the possibility for an increase in vascular 

tortuosity in low VEGF conditions as a consequence of an alteration in the balance between different VEGF 

isoforms in the tissue. The results presented demonstrate the capacity for mathematical modeling of 

angiogenesis to provide insight into the mechanisms behind VEGF diffusion and accumulation in the tissue, 

and consequent vascular development. 
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Overcoming the surface tension of alveoli is crucial for sustaining breathing dynamics. This is the function of pulmonary 

surfactant, a lipoprotein complex that forms an interfacial film covering the alveolar air-liquid interface, minimizing the 

surface tension at the end of expiration, a requirement to stabilize the alveoli and prevent alveolar collapse (1). 

Pulmonary surfactant is composed by 90 % (w) lipids, mainly phospholipids, and 10 % (w) associated proteins. To ensure 

the proper development of breathing cycles, a rapid adsorption of surfactant into the interface is crucial. This process is 

facilitated by the accumulation of material in subphase reservoirs connected to an interfacial air-exposed monolayer. 

Surfactant hydrophobic proteins SP-B and SP-C help in the formation and dynamics of these reservoirs by mediating 

membrane/monolayer interactions and facilitating lipid trafficking towards and from the interface. 

The molecular mechanism of surfactant hydrophobic proteins is still not fully understood (2, 3). To get deeper into the 

interactions between these proteins and surfactant phospholipids, we have performed neutron reflectometry experiments. 

Films were prepared using a model lipid system mimicking pulmonary surfactant composition (DPPC/POPC/POPG 

50:25:15 w:w:w) in the presence or absence of SP-B and SP-C. Reflectivity was recorded at different pressures before 

and after the compression-expansion cycling of the film and structural parameters obtained from the reflectivity profiles 

were compared. Our results indicate that SP-B interacts with lipid polar head groups causing their partial dehydration, so 

it thus helps to connect the interface with its associated reservoirs, as well as the different bilayers within surfactant 

reservoirs between them, being essential for an efficient restructuration of the film along breathing cycles. SP-C inserts 

into the monolayer simultaneously interacting with both, lipid chains and polar head groups, creating negative curvature 

that could facilitate the exclusion of unsaturated lipids optimizing surface-active properties of surfactant at maximal 

compression. Additionally, the reservoir and the adsorbed material undergo structural alterations as a consequence of 

compression-expansion cycles.. 
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T-cells are one of the main characters of our immune system, being responsible of detecting pathogens and 

orchestrating the immune response against them. When T-cells interact with antigen presenting cells, 

membrane lipids and proteins like TCR or CD4 are reorganized in three concentric rings, forming a specialized 

structure called Immune Synapse (IS). Human Immunodeficiency Virus (HIV) uses same receptors implicated 

in the IS for infecting T-cells. HIV envelope protein interacts first with CD4 receptor and then with co-

receptors dependent of the strain. These interactions lead to a conformational change of envelope protein, 

allowing insertion and fusion of membranes. 

How lipid membrane is reorganized and the role of membrane mechanics during IS and viral infection is not 

clear. For this purpose, we used multiprotein micropatterning systems, Atomic Force Microscopy (AFM) and 

Fluorescent Lifetime Imaging (FLIM) to characterize membrane mechanics during IS formation and virus 

infection in single cells. 

 

 

Figure 

A) HeLa cells (green) attached only to circular patterns containing adhesion proteins. Scale bar: 20µm 

B) HeLa cells stained with FliptR membrane tension reporter (green) attached to a circular pattern containing 

fibronectin (blue). Scale bar: 10µm.Hardiman, O.; Al-Chalabi, A.; Chio, A.; Corr, E. M.; Logroscino, G.; 

Robberecht, W.; Shaw, P. J.; Simmons, Z.; van den Berg, L. H. Amyotrophic Lateral Sclerosis. Nat. Rev. Dis. Prim. 

2017, 3 (1), 17071. 
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The basic matrix of cellular membranes consists of a double layer (bilayer) of phospholipids. Semisynthetic 

lipid bilayers are commonly in use in biophysical studies of membranes. According to temperature and 

composition, lipid bilayers can exist in liquid-crystalline (or liquid- disordered), liquid-ordered, rippled, and 

gel phases. In the present study, the hydrophobic, solvatochromic molecule Nile red has been used as a 

fluorescent probe to examine the physical state of bilayers of different compositions in the 15 – 60ºC range. 

Phospholipids with saturated or unsaturated acyl chains, in the presence or absence of cholesterol have been 

used. Nile red shows excitation maxima at 520-550 nm and emission maxima at 580-640 nm, single photon 

excitation not being damaging to the system. A red/orange intensity ratio (ROIR) index has been used to 

normalize the results. ROIR varies clearly and reproducibly with the lipid phase, increasing in the order: liquid-

ordered > gel > rippled > liquid-crystalline. It increases with temperature and decreases with cholesterol 

contents in the bilayers. Nile red allows an unusually clear observation of the rippled-to-liquid crystalline 

phase transition in saturated phospholipids. 

The probe is suitable for FLIM imaging studies of isolated membrane vesicles under the confocal microscope. 

Rotational relaxation times have been measured for Nile red in liquid-disordered (0.71 ns), gel (1.22 ns), and 

liquid-ordered (1.93 ns) phases, the large value of the liquid-ordered phase being an indication of the sterol 

hindering probe tumbling in the hydrophobic matrix. 
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Nonyl acridine orange (NAO) is a fluorescent molecule that has traditionally been used for mitochondrial 

staining due to its affinity for cardiolipin (CL) lipid. Recent studies have shown that, at certain concentrations, 

it has the ability to stack forming H-aggregates in an antiparallel configuration, promoting events related to 

membrane remodelling [1]. In this work, we report fusion events on giant unilamellar vesicles (GUVs) 

containing DOPE lipid promoted by NAO. 

 To understand the mechanism beneath the process, we approached the system by coarse-grained molecular 

simulations under MARTINI3 framework [2]. Results revealed a lipid-hook mechanism that triggers the 

process by displacing acridine derivatives molecules out of its equilibrium position. This remodelling enables 

the contact between lipids from different bilayers yielding to a hemifusion state of the system that would evolve 

into full fusion as seen on experiments. 

 

Figure A Molecular structure of NAO (left) and captures of a fusion event on two DOPE-CL- GUVs under 

confocal microscopy. Scale bar: 10 μm. 
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Autophagy is a conserved cellular process through which superfluous or damaged material is recycled. One of 

the first steps in autophagy is the formation of a double- membrane structure, called autophagosome, which 

engulfs the material to be degraded. The generation of this structure is a complex event, in which many proteins 

are involved. Among the latter, yeast Atg8 or its mammalian orthologues are essential in autophagosome 

membrane elongation, shaping and closure. A subfamily of the human Atg8 orthologues is formed by the 

proteins LC3A, LC3B, and LC3C. Previous studies suggest that, at variance with the other two, LC3C does 

not participate in cardiolipin- mediated mitophagy.  

The present study was devoted to exploring the binding of LC3C to lipid vesicles, bilayers and monolayers, 

and the ensuing protein-dependent perturbing effects, in the absence of the mitochondrial lipid cardiolipin. All 

Atg8 orthologues are covalently bound to a phospholipid prior to their involvement in autophagosome 

elongation. In our case, a mutant in the C-terminal amino acid, LC3C G126C, together with the use of a 

maleimide-derivatized phosphatidyl ethanolamine, ensured LC3C lipidation. Ultracentrifugation, surface 

pressure measurements, spectroscopic and cryo- electron microscopic techniques revealed that lipidated LC3C 

induced vesicle aggregation and inter-vesicular lipid mixing, including inner-monolayer lipid mixing, 

consistent with in vitro vesicle-vesicle fusion. LC3C was also able to cause the release of vesicular aqueous 

contents. The data support the idea that LC3C would be able to help in autophagosome elongation/fusion in 

autophagy phenomena. 

 

 
Figure 5. LC3C G126C-induced vesicle aggregation analyzed by cryo-EM. LUV composed of PC:DOPE:PEmal:PI 

(35:25:30:10 mol ratio) (0.4 mM). 37 ºC. (A) Control. (B) With LC3C G126C (5µM)Pronto-Laborinho, A. C.; Pinto, S.; 

de Carvalho, M. Roles of Vascular Endothelial Growth Factor in Amyotrophic Lateral Sclerosis. Biomed Res. Int. 2014, 

2014 (947513). 
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In macroautophagy, autophagosome (AP) formation in humans requires the concerted action of the 

LC3/GABARAP and ATG12 ubiquitin-like conjugation systems. In the present study, the conjugation to the 

membrane of six members of the LC3/GABARAP family has been reconstituted in the presence and absence 

of the product of the ATG12 system (the E3 complex). In addition, the mechanisms by which the different 

LC3/GABARAP proteins and E3 could participate in vesicle tethering and fusion during AP expansion have 

been investigated. In the absence of E3, GABARAP and GABARAPL1 showed the highest activities. E3 

increases and speeds up lipidation and LC3/GABARAP-promoted tethering.  

However, E3 hampers LC3/GABARAP capacity to induce inter-vesicular lipid mixing or subsequent fusion, 

presumably through formation of a rigid scaffold on the vesicle surface. Our results suggest a model of AP 

expansion in which the growing regions would be areas where the LC3/GABARAP proteins involved should 

be susceptible to lipidation in the absence of E3, or else a regulation should exist to inhibit the formationof an 

E3 immobile scaffold. 

 

 

Figure 1. Model of the participation of LC3/GABARAP proteins and E3 during AP expansionPronto-Laborinho, A. C.; 

Pinto, S.; de Carvalho, M. Roles of Vascular Endothelial Growth Factor in Amyotrophic Lateral Sclerosis. Biomed Res. 

Int. 2014, 2014 (947513). 
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Sphingolipid molecular interactions are important because of their structural functions and of their role as 

second messengers in some cellular processes. Among them, sphingomyelin (SM) is the major sphingolipid 

component of mammalian cells, in whose plasma membrane it can constitute up to 10 mol% of the 

phospholipids. SM has attracted the attention of scientists due to its strong interaction with other lipids, such 

as cholesterol (Chol), which interacts with SM giving rise to cholesterol-enriched domains in a liquid ordered 

(L0) phase, and ceramide, which segregates into highly packed gel domains that could act as signaling 

platforms in several cellular processes as apoptosis, cell senescence and death. Recent lipidomic studies1 

quantified the presence of different natural sphingolipids in several mammal tissues, showing that longer and 

saturated ceramides such as d18:1/18:0 and d18:1/24:0 predominate in brain tissue, while d18:1/16:0 are most 

abundant in other tissues. 

To further study the interactions between the different sphingolipids in the plasma membrane, and trying to 

elucidate how their distribution affects their biophysical properties, a liquid- disordered/liquid-ordered (Ld-

L0) cell membrane environment is recreated in a membrane model system composed of DOPC:SM:Chol 

(2:1:1) + Cer. To characterize this model, a combination of techniques was used: atomic force microscopy 

(AFM), confocal microscopy, and differential scanning calorimetry (DSC). 
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ATP synthases are proteins that catalyze the formation of ATP through the rotatory movement of their 

membrane-spanning subunit triggered by a proton gradient across the membrane. Remarkably, these rotating 

proteins also hydrolyze ATP in the presence of an excess of ATP. In this work we explore the interplay between 

protein rotation motion and the preference of proteins for highly curved regions, regardless of biochemical 

interactions. Monomeric ATP synthases from E. coli were reconstituted on giant unilamellar vesicles (GUVs) 

and their curvature sorting was assessed in lipid nanotubes pulled from GUVs (Figure 1A). Our experiments 

show an enrichment of ATP synthases in lipid filaments when the proteins are active in the presence of ATP. 

The curvature-seeking behavior of rotating ATP synthases relies on the membrane softening produced by 

protein activity as measured by micropipette aspiration technique. Our experimental results, supported by 

coarse-grained simulations (Figure 1B), suggest a new role for the ATP synthase rotation on biological 

membrane organization. 

 

Figures 

(A) Sorting through curvature gradient. 

(B) Coarse-grained simulations. 
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Adipocytes work as highly expandable fat stores that safely hoard excess energy, preventing ectopic lipid 

accumulation and protecting the metabolic health of the organism. While performing this task, the adipocyte 

membrane undergoes a significant tension increase, and protective mechanisms are needed to avoid cell 

rupture and lipid spillover. Insufficient adipocyte expansion is at the center of disorders such as obesity and 

lipodystrophy; however, these conditions have never been studied from the biomechanical point of view. 

 

Here, we show that the adipocyte plasma membrane undergoes deep ultrastructural changes during lipid 

droplet (LD) expansion. Concomitant to LD growth, caveolae (plasma membrane nanoinvaginations) deform 

and disassemble, releasing a significant membrane reservoir that facilitates cell surface area increase. 

Adipocytes and adipose tissue lacking caveolae are smaller, less deformable, stiffer and more prone to rupture, 

hinting to an impaired mechanical adaptability. Most of these phenotypes are also found on a model that is 

able to produce caveolae, but expresses a non-phoshorylatable form of Caveolin-1, the main caveolar protein 

component. Adipocytes with non-phosphorylatable Caveolin-1 have increased caveolae numbers, but these 

caveolae show a delayed response to LD expansion. Thus, a decreased mechanical response of caveolae 

partially reproduces the effects of caveolae ablation. 

 

These results indicate that caveolar dynamics facilitate efficient energy storage and protect adipocytes from 

the mechanical challenge induced by LD expansion. Thus, caveolae and their phosphoregulation emerge as 

essential components for adipocyte mechanical homeostasis. 
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Lipids are key structural components of biological membranes. Arguably, one of the most important roles of 

biomembranes is the generation and maintenance of electrochemical gradients that allow the formation of 

stable biochemical energy in the form of adenosyl triphosphate (ATP) via a chemiosmotic mechanism. 

Abnormalities in the lipids involved in this bioenergetic function of membranes have been linked to several 

metabolic pathologies. A truncated lipid version of the phospholipid cardiolipin (CL), lacking one of the four 

acyl chains of normal CL has been linked as a key player in Barth syndrome, a CL-deficiency bioenergetic 

disorder1. We study here the impact of this truncated CL on the dynamics of lipid membranes using coarse-

grained molecular dynamics simulations. 

 

References 

(1) Angelini, R.; Lobasso, S.; Gorgoglione, R.; Bowron, A.; Steward, C. G.; Corcelli, A. Cardiolipin Fi Ngerprinting of 

Leukocytes by MALDI-TOF/MS as a Screening Tool for Barth Syndrome. J. Lipid Res. 2015, 56 (9), 1787–1794. 

https://doi.org/10.1194/jlr.D059824. 
  

mailto:marmakow@ucm.es


[158] 
 

P6.11 Lateral diffusion of lipids in supported bilayers by Image Correlation Spectroscopy 

 

NURIA CARRILLO GODOY a, Víctor Galileo Almendro Vediaa,b,c and Iván López Monteroa,b,d 

a Departamento Química Física, Universidad Complutense de Madrid, Avda. Complutense s/n 28040 Madrid, Spain. 

b Instituto de Investigación Hospital Doce de Octubre (imas12), Avenida de Córdoba s/n, 28041 Madrid, Spain. 

c Sección Departamental Farmacia Galénica y Tecnología Alimentaria, Universidad Complutense de Madrid, Avda. 

Complutense s/n 28040 Madrid, Spain 

d Instituto Pluridisciplinar, Universidad Complutense de Madrid, Ps. Juan XXIII, 128040 Madrid, Spain  

*nuriac01@ucm.es 

 

Keywords: Supported Lipid Bilayer ● Diffusion ● Correlation Spectroscopy ● Microcorrals 

 

Lateral organization of membranes depends on the transport properties of proteins and lipids. Lipids undergo 

lateral diffusion in the plane of the membrane whereas the transverse movement across the membrane is not 

favored. In this work, we study the lateral movement of lipids within supported lipid bilayers composed of 

POPC (1-palmitoyl-2-oleoyl-sn-glycero- 3-phosphocholine). The lateral diffusion of the fluorescent probe 

Rhodamine-PE (RhPE) was assessed by Image Correlation Spectroscopy (ICS) using a custom homemade 

algorithm [1]. The diffusion coefficient of RhPE was determined from the fluorescence intensity time traces 

from movies recorded at high acquisition rate. The diffusion coefficient of RhPE within POPC bilayers was 

Do = 2.64 ± 0.94 μm2/s, in agreement with reported values in the literature. Moreover, the confinement of 

POPC bilayers in polymer microcorrals decreased the diffusion coefficient of RhPE to Dconfined = 1.95 ± 

0.34 μm2/s. 

 

Figure 1. Confocal fluorescence microscopy images of supported lipid bilayers of POPC doped with RhPE 

under non confined and confined conditions, and its diffusion coefficients obtained by.ICS. 
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In the last decades, increasing evidence has shown the presence and relevance of protein and lipid domains in 

the bacterial membranes The MurG protein involved in peptidoglycan biosynthesis and localizes in these 

regions. The localization in specific cellular region is associated with specific tasks. There is still an open 

debate on how the bacteria forma the domains in their membranes, as they lack many of the components that 

are behind the compartmentation of the membranes of eukaryotic cells, as cholesterol. 

This study addresses the question of protein domain formation in bacterial membranes using the High-Speed 

Atomic Force Microscopy (HS-AFM) visualization technique [1]. We use the MurG protein that is a 

membrane-bound enzyme, and we assess its macromolecular dynamics on a panel of membranes composed 

of lipids PE and/or PG at the molecular level, label-free and in physiological conditions. We find that the 

distribution and dynamics of MurG is highly influenced the lipidic content of the membrane, particularly 

critical is fluidity of the membrane [2]. Importantly, lipid-protein domains appear by the interaction of MurG 

with monovalent lipid bilayers (one lipid species), unequivocally, our finding shows that the protein can creates 

domains where it diffuses; contrary to what could be expected. As the general assumption is that lipids, and 

not proteins, are the main membrane components that dictate the lateral organization of the cell membrane 

into domains. Moreover, the hs-afm movies show that the conformational change of the MurG protein in 

interaction with its enzymatic substrate, the UDP-GlcNAc, halts the diffusion at the Murg-self-generated 

domains. 
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BCL2 family proteins are the key modulators of mitochondrial apoptosis, which include antiapoptotic 

members, such as MCL1 and BFL1, and proapoptotic members, such as BAX and BID. Aberrant BCL2 protein 

function is intimately linked to a variety of human diseases, most prominently cancer. Increasing evidence 

indicates that different mitochondrial membrane properties, including its lipid composition, modulate the 

activity and conformation of BCL2 proteins, but the underlying mechanisms are still poorly understood. Here, 

we explored the role of the mitochondrion-specific lipid cardiolipin (CL) in the BCL2 interactome and in 

BCL2- related apoptotic pores using minimalist reconstituted systems and a variety of spectroscopic 

approaches. 

On one hand, using two-color two-focus Scanning Fluorescence Correlation Spectroscopy (SFCCS) applied 

to single Giant Unilamellar Vesicles (GUV) we found that antiapoptotic MCL1 and BFL1 form stable 

heterodimeric complexes with proapoptotic BAX and BID in healthy-like GUV having a low CL content [1, 

2]. Additional fluorescence spectroscopic analyses showed that complex formation between antiapoptotic and 

proapoptotic BCL2 family members in healthy-like GUV inhibits membrane permeabilization [1-3]. On the 

other hand, and unexpectedly, further SFCCS studies showed that heterodimerization between anti- and pro-

apoptotic BCL2 family members is abolished in apoptotic-like GUV enriched in CL. Moreover, MCL1 and 

BFL1 became extensively integrated into such CL-rich membranes to unleash a pore-forming activity, which 

is similar but not identical to that of BAX [1, 2]. We also identified sequence determinants of such 

noncanonical pore-forming activities displayed by MCL1 and BFL1 in CL-rich membranes [2, 3]. In 

conclusion, our results add significantly to a growing body of evidence supporting that mitochondrial 

membrane lipids can modulate BCL2 family protein function. 
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Association of amphiphiles with biomembranes is important for their availability at specific locations in 

organisms and cells, being critical for their biological function. A prominent role is usually attributed to the 

hydrophobic effect, and to electrostatic interactions between charged amphiphiles and lipids. This work 

explores a closely related and complementary aspect, namely the contribution made by dipole moments to the 

strength of the interactions established. Two xanthene amphiphiles with opposite relative orientations of their 

dipole and amphiphilic moments have been selected (Rhodamine-C14 and Carboxyfluorescein-C14). The 

membranes studied have distinct lipid compositions, representing typical cell membrane pools, ranging from 

internal membranes to the outer and inner leaflet of the plasma membrane. A comprehensive study is reported, 

including the affinity of the amphiphiles for the different membranes, the stability of the amphiphiles as 

monomers and their tendency to form small clusters, as well as their transverse location in the membrane. 

 

The orientation of the amphiphile dipole 

moment, leading to a repulsive or attractive 

interaction with the membrane dipole potential, 

is found to exert a large influence on the 

association affinity and formation of small 

clusters [1]. 

 

The results obtained allow understanding the prevalence of protein lipidation at the N-terminal for efficient 

targeting to the plasma membrane, as well as the tendency of GPI-anchored proteins to form small clusters in 

the membrane ordered domains. 
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Unassisted permeation through biomembranes is of outmost importance for the availability of drugs and 

biological ligands at their target site. The pH variation assay is one of the few methodologies appropriated to 

characterise the permeation of non-fluorescent weak acids/bases. Permeability coefficients are obtained by 

following the dynamics of a pH fluorescent probe. Current protocols of this assay only focus on the study of 

the fast generation of the pH gradient and have raised several concerns which are preventing its generalised 

use. To transform this assay into a reliable tool, we developed a detailed kinetic model that allowed us to 

identify the experimental conditions needed to warrant an accurate characterisation of the dynamics of the 

weak acid/base permeation from the fluorescence variation and evaluate different methods to obtain their 

permeability coefficient (Figure 1).1 The results showed that the often-used expression 𝑃𝑟 = 𝛽 𝑟/3 is 

inapplicable to very large or very small vesicles, to moderately or highly lipophilic solutes, or when the 

development of a significant pH gradient opposes the solute’s flux. We anticipate that the resolution of all 

these concerns and the study of the fast generation and slow dissipation of the pH gradient can turn the pH 

variation into an important tool to analyse and better understand the general rules of unassisted permeation 

through biomembranes. 

 

 

 

 

 

 

 

Figure: 

A) Kinetic scheme for the permeation of a weak acid through lipid membranes. Pronto-Laborinho, A. 

C.; Pinto, S.; de Carvalho, M. Roles of Vascular Endothelial Growth Factor in Amyotrophic Lateral 

Sclerosis. Biomed Res. Int. 2014, 2014 (947513). 

B) Validity domains of the simplified procedure usually followed to calculate permeability coefficients 

from solute dynamics. 
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Medical imaging has revolutionized the medical field opening the possibility of acquisition of new information 

regarding physiological and pathological conditions of the human body, without invasive procedures. One of 

those modalities, Magnetic Resonance Imaging (MRI) can image the human body, with high resolution, 

without administration of contrast agent. However, the presence of contrast agent can allow the detection of 

specific physiological or pathological markers. Contrast agents are organometallic complexes based on Gd+3. 

These complexes are typically highly hydrophilic compounds with a negative Log Poct/water (< -2). For that 

reason, they have low permeability through biomembranes, hampering their use in a wider range of 

applications. For that reason, it is important to study the interaction of contrast agent with biomembranes. In 

the present work, we describe a computational study of these complexes interacting with biomembranes.  

The first task concerns the correct parametrization of the contrast agent following a procedure we had 

previously explored1 using the MCPB.py tool2 with the new LJ parameters we developed in that work. 

Unrestrained simulations give equilibrium properties of the contrast agent interacting with biomembranes, 

such as area/lipid, deuterium order parameters, bilayer thickness, among others. Biased simulations using 

transition tempered metadynamics with two Collective variables were performed to obtained 2D Potential of 

Mean Force (PMF) across the membrane bilayer. The 1D minimum path energy was obtained in order to 

retrieve partition and permeation coefficients 
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In response to mechanical and other stimuli vascular endothelial cells (EC) release superoxide (O2•−) to the 

extracellular medium. Part of this O2•− is dismutated to hydrogen peroxide (H2O2), which can exert autocrine 

and/or paracrine signalling. Here, we examined the restrictions of H2O2 signalling through the lumen of 

arterioles and capillaries using reaction-diffusion models. These models considered: (i) O2•− dismutation; (ii) 

O2•−/H2O2 release by EC and uptake by erythrocytes and EC; (iii) O2•−/H2O2 diffusion and transport by the 

blood flow. We consider that O2•− is produced in a 20 μm-long EC ring. Results: For plausible cellular O2•− 

production rates, local H2O2 concentrations in blood plasma reach no higher than ~1 nM and ~10 nM in 

arterioles and capillaries, respectively. In arterioles, the H2O2 concentration is maximal 70 μm downstream 

of the O2•− production zone and 50% lower ~1.6 mm downstream. In capillaries, the H2O2 concentration is 

maximal within the O2•− production zone and 50% lower just 20 μm downstream. Therefore, (a) signalling 

through O2•−/H2O2 release to the circulation must be predominantly autocrine in capillaries, but likely 

unviable in arterioles due to the low H2O2 concentrations; (ii) signalling mechanisms in capillaries must be 

sensitive to ~10 nM extracellular H2O2, which requires peroxiredoxins acting as H2O2 receptors or H2O2 

being activated to peroxymonocarbonate, among known mechanisms. 
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Atomic force microscopy (AFM) was first introduced in 1986 as a scanning probe microscopy technique that provided 

images of the surface of samples with nanometer resolution1. Additionally, AFM can be used to probe the mechanical 

properties of diverse materials, including living cells and biopolymers2, 3. In a basic AFM experiment, the tip situated on 

the border of a cantilever is approached to a sample, and the interactions between sample and tip cause the cantilever to 

bend, which is registered by a laser beam that is reflected off the back of the cantilever and onto a photodiode. 

Living cells are complex systems whose mechanical properties (e.g. stiffness, adhesiveness, viscosity and deformability) 

change constantly based on diverse internal and external signals. In AFM experiments with cells, indentation of the cell 

membrane provides information about its stiffness; prolonged contact with the membrane can be used to determine the 

rheological properties of the cell; and finally, the adhesive properties of the membrane can be assessed during the 

retraction of the tip 2. 

Moreover, AFM can be used in single molecule force spectroscopy (SMFS) experiments, where the analysis of single 

biopolymers provides important information about their mechanical stability, energetic landscape and folding/unfolding 

kinetics. This information is especially important in the case of proteins, whose three-dimensional structure and correct 

folding determines their properties and functions3. 

Here, we show two examples of experiments where AFM is used to investigate the mechanical properties of biological 

materials. First, MCF-7 breast cancer cells are seeded on polyacrylamide gels of different stiffness (0.1-264 kPa) and the 

influence of substrate on cell stiffness and viscosity is tested4. Second, AFM-SMFS experiments are carried out to 

determine the influence of the temperature on the mechanical unfolding parameters of a construct containing nine repeats 

of the I27 domain from the muscle protein titin5. 
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Single-molecule force spectroscopy (SMFS) has provided multiple advancements in the understanding of the 

free energy landscape of proteins under force1. Specific covalent tethering of proteins to surfaces has improved 

both the yield and the quality of data acquisition in Atomic Force Spectroscopy (AFS)1,2 and Magnetic 

Tweezers (MT)3. Given the complementary information obtained by AFS and MT, we propose a modular 

polyprotein system with HaloTag specific covalent tethering to surfaces, in order to enable testing of the same 

protein preparation by both techniques. The modular design allows to easily include the proteins of interest in 

the system via SnoopTag/SnoopCatcher and SpyTag/SpyCatcher orthogonal spontaneous isopeptide 

bonding4,5 and can exploit cohesin-dockerin reversible interaction6. The system also includes fingerprinting 

protein markers for improved accuracy by concurrent experiments7 and elastin-like polypeptides to reduce 

non-specific interactions with the surface5. In summary, the proposed modular polyprotein strategy is intended 

to provide an accessible and versatile setup, easily adaptable to different proteins of interest, and includes 

recent improvements in sample preparation to increase the yield, quality and accuracy of SMFS experiments. 
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Cellulosomes are extraordinary complex protein nanomachines with unmatched efficiency in degrading 

lignocellulose, the most abundant and hydrolysis-resistant biomaterial on earth. Over the last years, single-

molecule techniques have unveiled surprising hidden features of these complexes, including remarkable 

mechanical sturdiness of their building blocks (cohesins) and record-breaking stability of their pivotal 

assembling interaction (the cohesin- dockerin interaction). In this contribution1, we use smFRET and 

molecular dynamics simulations to uncover two alternative binding modes of the cohesin-dockerin interaction. 

Using our single-molecule approach, we showed that the isomerization state of a single proline residue 

determine the population ratio between these binding modes, its assembly kinetics, and the overall stability of 

the cohesin-dockerin interaction. Furthermore, these processes could be enzymatically modulated by a prolyl-

isomerase. We propose that these results can answer the long-standing open question of how cellulosomes can 

dynamically change their cellulase composition despite the extremely high stability of the cohesin-dockerin 

interaction. 
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Polyethylene glycol (PEG) is a neutral polymer highly soluble both in water and nonpolar solvents. It is widely 

used in many different contexts, including pharmaceutical and food industry, protein precipitation, biomedical 

applications involving drug delivery through PEGylation and as a biophysical toolbox to mimic the cell 

crowded environment, e.g., to induce osmotic stress in polymer-excluded regions or to probe protein ion 

channels to get information about their size or their access resistance. Very often, these applications involve 

the proximity of neutral polymers to charged membranes or their confinement in aqueous pores formed by 

protein channels with charged residues 1. A well-known phenomenon relevant to this problem is the 

polarization of a neutral particle with dielectric properties different from the surrounding medium under the 

effect of an electric field 2. 

This polarization causes a dielectrophoretic force when inhomogeneous electric fields act on the particle and 

it has been extensively used in many biomedical applications involving particle trapping and cell separation, 

among others. In addition, whenever a neutral particle perturbs the equilibrium electric double layer near a 

charged surface, the osmotic pressure gradient acts as a net repulsive force that pushes the particle away from 

that surface. Both the dielectrophoretic force and the hydrostatic force contribute to exclude a neutral particle 

from a charged surface, provided the polarizability is lower in the particle than in the solution. Here we report 

a preliminary study of the exclusion of PEG molecules of different molecular weight from charged surfaces. 

Molecular Dynamics of PEG near charged DPPS membranes and neutral DPPC membranes show a region of 

PEG exclusion near the membrane-solution interface for charged membranes. The simulations also point to a 

preferential alignment of PEG molecules near the charged membrane. The simulations are confirmed by 

preliminary neutron reflectometry data, which are consistent with an exclusion region of concentrated PEG 

solutions near the highly charged silicon dioxide / water interface. 
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Classic swine fever is a highly contagious and often fatal viral disease that is caused by the classical swine 

fever virus (CSFV). Protein p7 of CFSV is a prototype of viroporin, a family of small, highly hydrophobic 

proteins postulated to modulate virus-host interactions during the processes of virus entry, replication and 

assembly. It has been shown that CSFV p7 displays substantial ion channel activity when incorporated into 

membrane systems, but a deep rationalization of the size and dynamics of the induced pores is yet to emerge. 

Here, we use high-resolution conductance measurements and current fluctuation analysis to demonstrate that 

CSFV p7 channels are ruled by equilibrium conformational dynamics involving protein- lipid interactions. 

Atomic force microscopy (AFM) confirms the existence of a variety of pore sizes and their tight regulation by 

solution pH. We conclude that p7 viroporin forms subnanometric channels involved in virus propagation, but 

also much larger pores (1 ~ 10 nm in diameter) with potentially significant roles in virus pathogenicity. Our 

findings provide new insights into the sources of noise in protein electrochemistry and demonstrate the 

existence of slow complex dynamics characteristic of crowded systems like biomembrane surfaces1. 
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Cellular membranes buffer osmotic stresses through water permeation but also exploiting transmembrane 

protein transporters to facilitate the entrance or exit of impermeable species. To mimic this complexity, we 

design synthetic membranes fully permeable to water and selectively permeable to a specific large hydrophilic 

macromolecule. We use this model system to study the role of selective membrane permeation on the phase 

behavior of aqueous two- phase systems (ATPSs) that mimic membraneless compartments in the cell 

cytoplasm. Using a microfluidic approach [a,b], we produce polymer vesicles encapsulating homogeneous 

mixtures of two hydrophilic macromolecules that phase separate above a threshold concentration. We study 

the phase behavior of this system as a function of the encapsulated mixture composition and concentration by 

means of fluorescence confocal microscopy, as illustrated in Figure 1. Our results indicate that such selective 

membrane permeation provides a route to vesicle compartmentation, which may be exploited by cells in 

biological processes involving the formation and dissolution membraneless organelles. 

 

Figure 1. Confocal fluorescence microscopy images showing vesicles containing (top) non- phase-separated 

and (bottom) phase-separated aqueous mixtures of PEG and dextran, labeled in green and red, respectively. 

Scale bars are (leftmost and center; equatorial vesicle plane) 50 µm and (rightmost; 3D reconstruction) 25 µm.  
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The active processes occurring within the cell cytoplasm are often confined in space by the presence of 

membranes and other cytoplasmatic self-assembled structures. The presence of such limiting surfaces likely 

affects the self-generated fluid flows emerging within cells from such active processes, which may influence 

cell motion. To understand how self-generated fluid flows are influenced by the mechanical properties of such 

limiting surface, we design a synthetic system that consists of vesicles with different membrane composition 

and thus different mechanical properties encapsulating a single ferromagnetic microparticle within their cores. 

This model system is produced with exquisite control using microfluidics approaches1 as illustrated in Figure 

1. 

Our results show that the translational velocity of the encapsulated particle decreases as the vesicle becomes 

bigger and the self-generated flows are less confined. Furthermore, a significant decrease in particle’s velocity 

can be seen when the membrane state changes from a fluid to a gel. These results open the creation of motile 

vesicles that exploit self-confined rotational flows to translate on substrates. 

 

 

Figure 1. Example of a microfluidic production of PEG-b-PLA vesicles with encapsulated ferromagnetic 

microparticles. 
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Bacteria have developed a swimming strategy to outrun diffusion, which is required to find food or colonize 

surfaces. Bacterial species such as E. coli or B. subtilis exploit a flagellum-mediated swimming motility, which 

is sensitive to the presence of a substrate. The dynamics of each bacterial species is significatively different. 

E. coli swimming strategy is based on the paradigmatic run and tumbling protocol in which the bacteria 

alternate periods of swimming in straight lines at constant speed with sudden tumblings that randomize its 

swimming direction [1], while B. subtilis swimming strategy exhibits a characteristic wiggling motion with a 

continuous change in the swimming direction [2]. Here, we analyze the dynamics of the swimming motility 

of B. subtilis in both liquid broth and microstructured environments [3]. We consider the effect of the phases 

of the bacterial growth and the presence of static and dynamic obstacles on the single bacterium dynamics. 

 

 

Figure 1. Typical trajectory of a B. subtilis bacterium in liquid broth close to a substrate. 
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The red blood cell (RBC) has been used as a standard cell for the study of membrane physics due to the 

presence of a lipid membrane and the absence of nucleus and organelles. These cells present mechanical 

properties, such as biconcave shapes, motility, adhesion and deformation, and transmembrane transport. 

However, one of the interesting properties of the membrane is the flickering phenomenon1. It is known that 

they are related to its cellular metabolism. In this study we will investigate the dynamics of the cell membrane, 

comparing mouse red blood cells in different stadiums. 

There exists a number of methods to measure membrane dynamics and mechanical properties of cells. In this 

work, we have used flickering spectroscopy2, that is a non- intrusive method. It is based on the observation of 

cell-membrane movement using optical light video-microscopy. The location of the cell-membrane is obtained 

from each video-frame through a contour tracking algorithm, giving the temporal evolution of cells projected 

shape. From these time-series it is posible to calculate a number of static, as well as dynamic, cell- properties. 

Four samples of RBCs are compared: healthy RBCs (hRBC), diseased RBCs (iRBC), healthy RBCs deficient 

in PKLR (hPKLR) and diseased RBCs deficient in PKLR (iPKLR). The analysis of static fluctuation spectra 

yields of iRBC, in comparison with the other populations, shows higher deformability, which subsequently 

corresponds to greater volatility and, therefore, biological activity. In addition, we can demonstrate that PKLR 

deficiency leads to increased stiffness and viscosity in the RBC. Besides showing a smaller difference in 

membrane deformability between healthy and diseased stage, in contrast to RBCs without deficiency. 
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Cell division is a cornerstone biological process in which its associated mechanics still not very well 

understood in a quantitative manner. In particular the role of the cortical actomyosin is a thin film of active 

material assembled below the cell membrane and plays a key role is symmetry breaking during the cell 

division. This is made by periodic contractile unit in similar manner as the sarcomeric units but much less 

structured that the muscle cell and its organization is highly remodeled along the whole process. 

 

In order to make steps towards to improve the description of this mechanism we studied the cell division 

process in sea urchin embryo with optical flow technique. Then, we split the velocity field along the surface 

on its tangential and normal direction, and clearly identify that on the one hand the normal displacement is 

associated with the regions of the contractile ring and the expansion at the poles. On the other hand, on the 

tangential direction we identify a more complex velocity profile. In order to analyze it we conjecture that it 

can be decomposed in two spatial wavelengths: The shorter wavelengths are associated with the convective 

flow related with the geometrical changes of the surface. The longer wavelengths are consistent with the 

periodic patterns of contractile velocity of the sarcomeric-like structures of the cortex. 

 

Consequently, taking as a whole the developed technique allows to identify, without the use of previous 

staining, the possibility to identify the existence of active contractile units (moving) along the cell division 

journey. 
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Protein co-translational missfolding lead to diseases, such as Alzheimer or Parkinson, but little is known about 

the role of ancillary proteins. We have demonstrated for the first time that the co-translational folding 

assistance by calmodulin (CaM) to the KV7.2 channel Calcium Responsive Domain (CRD) is disrupted in 

epileptogenic encephalopathy.1 The force exerted during the early folding events of the nascent chain can be 

assessed with single residue resolution. We describe here the force profile of folding of the CRD during 

translation. We find that CaM, the most important calcium modulator in eukaryotic cells, is required to 

generate early folding events on this domain at critical places. This investigation provides new insights into 

how a critical KV7.2 channel domain acquires its final functional conformation during co- translational 

synthesis. 

Figure 1. Left, translation is arrested if the nascent chain does not fold, and right, a full-length protein will be 

synthetized if the nascent chain folds. 
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The foot and mouth disease virus (FMDV) is a positive-sense RNA virus from the Picornaviridae family that 

affects livestock and causes significant economic losses every year. Its genome encodes structural and non-

structural proteins, the latter including the protein 2B, a class IIB viroporin. Infrared spectroscopy 

measurements using partially overlapping peptides demonstrated the presence of two transmembrane α-helices 

(helices 1 and 3), which are disconnected in the 2B sequence, but both displaying the ability to form ion-

conducting pores.  

It was proposed that FMDV 2B localizes in the endoplasmic reticulum (ER) and permeabilizes its membrane 

to calcium, thereby preventing the proper functioning in the infected cells of pro-apoptotic signals that increase 

the cytosolic calcium concentration. However, the exact mechanisms and functions of the two lytic domains 

present in this viroporin remain unknown. In this study, we investigated whether these domains show the 

potential to interact with and permeabilize mitochondrial model membranes. For these purposes, we first 

performed cell co-localization assays using GFP-2B fusion proteins and a fluorescent mitochondria marker; 

and, subsequently several monolayer insertion and vesicle permeability studies. 

Our findings support that FMDV 2B not only localizes and permeabilizes the ER through the formation of 

pores, but also shows the potential to permeabilize the mitochondrial outer membrane (MOM). In addition, 

we describe mutations in both lytic domains that do not interfere with the co-localization with the 

mitochondrial marker, but are overall detrimental for their permeabilization activity. 

  

mailto:lidia.gomez@ehu.eus


[177] 
 

P9.3 Mechanical control of nuclear import by Importin-7 is regulated by its dominant 
cargo YAP 
 

MARÍA GARCÍA-GARCÍA1, Sara Sánchez-Perales1, Patricia Jarabo2, Enrique Calvo3, Trevor Huyton4, 

Liran Fu4, Sheung Chun Ng4, Laura Sotodosos-Alonso1, Jesús Vázquez3, Sergio Casas-Tintó2, Dirk 

Görlich4, Asier Echarri1* and Miguel A. Del Pozo1*. 

1.Mechanoadaptation & Caveolae Biology Laboratory, Cell & Developmental Biology Area. 

2 Instituto Cajal-CSIC, Madrid, Spain. 

3 Proteomic Unit, Centro Nacional de Investigaciones Cardiovasculares Carlos III (CNIC), Madrid, Spain. 

4 Department of Cellular Logistics, Max Planck Institute for Biophysical Chemistry, Göttingen, Germany. 

* This work was directed by AE and MAP. 

maria.garcia@cnic.es 

 

Keywords: YAP ● Importin-7 ● nuclear transport ● Hippo pathway ● mechanobiology 

 

Mechanical forces regulate multiple essential pathways in the cell. The nuclear translocation of 

mechanoresponsive transcriptional regulators is an essential step for mechanotransduction. However, how 

mechanical forces regulate the nuclear import process is not understood. Here, we identify a highly 

mechanoresponsive nuclear transport receptor (NTR), Importin-7 (Imp7), that drives the nuclear import of 

YAP, a key regulator of mechanotransduction pathways. 

Unexpectedly, YAP governs the mechanoresponse of Imp7 by forming a YAP/Imp7 complex that responds to 

mechanical cues through the Hippo kinases MST1/2. Furthermore, YAP behaves as a dominant cargo of Imp7, 

restricting the Imp7 binding and the nuclear translocation of other Imp7 cargoes such as Smad3 and Erk2. 

Thus, the nuclear import process is an additional regulatory layer indirectly regulated by mechanical cues, 

which activate a preferential Imp7 cargo, YAP, which competes out other cargoes, resulting in signaling 

crosstalk. 
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The understanding of ion transport through membrane nanochannels is based on the conductivity of the 

electrolytes flowing through them. Indeed, most simple models would describe ionic conductance of a 

cylindrical pore of radius R and length L as G = R2/L where  is the solution conductivity. Although 

considerable effort has been made to elucidate how nanoscale confinement affects ionic transport, questions 

about the molecular nature of the fluid, especially as regards the finite size of ions and the shielding effects, 

the importance of interfacial effects (access resistance) or entropic effects due to obstacles and irregularities 

of the boundaries remain under discussion. 

 

Here, we aim to explore how electrolyte concentration affects ion transport features of membrane 

nanochannels and to what extent nanoscale confinement contributes to it. To do so, we measure current-voltage 

relationships, conductance, ionic selectivity and perform noise analysis (current fluctuations) and 

thermodynamic analysis (activation enthalpy) both in a biological channel of nanometric dimensions (bacterial 

porin OmpF 1-2 nm wide) and a larger synthetic nanopore (conical polyimide nanopore of 20-200 nm 

entrances). 

 

Overall, we find biphasic concentration patterns in steady-state voltage-driven experiments and in quasi-

equilibrium experiments with net zero-current, both in the biological channel OmpF and synthetic conical 

nanopores. We conclude that there are two separate concentration regimes regulating ion transport, one ruled 

by coulombic screening in dilute solutions and another in concentrated solutions where ion-ion repulsion, 

steric hindrance and ion trapping at the pore surface become dominant. 
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The interplay between mechanical stress and cell metabolism is an emerging topic. However, the 

mechanotransduction pathways coordinating cell metabolism to the tensional status of the cell are poorly 

understood. Here, we provide several evidences suggesting that caveolae – mechanosensitive plasma 

membrane invaginations-, nutrient availability and cell tension controlling conditions are important for the 

biology of mitochondrial ATP synthase. To further characterize the pathways regulated by caveolae, we used 

proximity-dependent biotin identification (BioID) and mass spectrometry to identify the interactome of all 

core caveolar components. Among the interactors, we identified subunits α and β of the mitochondrial ATP 

synthase, which interact with most of the caveolar components. 

 

Apart from its main localization at the inner mitochondrial membrane, the ATP synthase has also been 

described in the plasma membrane, facing the extracellular space; this pool is known as ecto-ATP synthase. 

We show that the interaction with Caveolin-1 (Cav1), one of the main components of caveolae, occurs outside 

caveolae and mitochondria. In addition, the presence of ecto-ATP synthase at the plasma membrane is 

dependent on Cav1. Furthermore, conditions regulating cell tension, and metabolic challenges that promote 

autophagy, impinge on ecto-ATP synthase trafficking. Thus, this study suggests that trafficking routes 

regulating PM residents, and regulated by several caveolar components, are linked to nutrient starvation and 

mitochondrial biology. 
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