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Discovery of short linear motif-mediated interactions through phage display of 

intrinsically disordered regions of the human proteome 

 

YLVA IVARSSON 

 

Department of Chemistry - BMC, Uppsala University, Sweden 

 

The disordered regions of the human proteome are enriched in short motifs serving as docking 

sites for peptide binding domains. Domain-motif interactions are crucial for the wiring of signaling 

pathways. These interactions are typically transient and difficult to capture through most conventional 

high-throughput methods. We therefore developed a novel approach for the large-scale profiling of 

domain-motifs interactions called Proteomic Peptide Phage Display (ProP-PD). In ProP-PD we 

combine bioinformatics, oligonucleotide arrays, peptide phage display and next-generation 

sequencing. This allows the interrogation of domain-motif interactions on a proteome-wide scale and 

the de novo motif discovery. 

 In our pilot experiment we generated two distinct phage libraries, one displaying all human C-

terminal sequences and one displaying C-termini of known virus proteins. We used the ProP-PD 

libraries to identify interactions of human postsynaptic density 95/discs large/zonula occludens-1 

(PDZ) domains. We successfully identified novel PDZ domain interactions of potential relevance to 

cellular signaling pathways and validated a subset of interactions with a high success rate.  More 

recently, we created a ProP-PD library that displays peptides representing the disordered regions of the 

human proteome, which allows searching for domain-motif interactions in a unprecedented way. We 

validate our disorderome library against a range of peptide binding domains, which provides novel 

insights into their binding preferences and suggest interactions of potential biological relevance. A few 

key cases will be presented here. ProP-PD can be used to uncover protein-protein interactions of 

potential biological relevance in high-throughput experiments and provides information that is 

complementary to other methods. ProP-PD is scalable and can be developed to any target proteome of 

interest. 
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Evolution and function of disordered regions and linear motifs in viral proteomes 

 

LUCÍA B. CHEMES 

 

Institute for Biotechnological Investigations (IIB), University of San Martín, Argentina 

 

Linear motifs are key elements of regulatory protein interaction networks. Viruses take 

advantage of this by evolving linear motifs (LMs) that hijack and disrupt the host network. Therefore, 

identifying relevant linear motifs and their binding strength is central to understanding host regulation 

and viral pathogenesis. However, the degenerate nature of linear motifs makes their identification 

challenging. Moreover, the identification of disordered domains and flexible regions within folded 

domains still remains a challenge and is an essential step for defining regions where functional LMs 

are located. First, we will discuss how the sequence evolution of Retinoblastoma (Rb) binding motifs 

reveals fine-tuning of binding affinity that establishes the ranking of binding for host and viral motifs. 

We also present an example where a single viral protein uses several binding motifs for achieving high 

affinity Rb-association. Secondly, we present a strategy for the identification of intrinsically 

disordered regions (IDRs) in Flavivirus proteomes. Here, a combined sequence and structural analysis 

reveals the presence of multiple flexible regions where functional LMs could be located, despite the 

low average levels of disorder in this viral family. Evolutionary analysis reveals strong conservation of 

disorder within the Flavivirus family, and also group-specific IDR regions.  

Intrinsic disorder I02 
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Disordered CDK substrates act as multi-input signal processors to control the key 

decision points in the cell cycle 

 

MART LOOG 

 

Institute of Technology, University of Tartu, Tartu 50411, Estonia 

 

The decision points between different cell fates involve systems that process alternative 

signals into binary choices. At the beginning of the cell cycle the decision to commit to division is 

made at the point where the cyclin-dependent kinase (Cdk) signal overrides its antagonists. In 

Saccharomyces cerevisiae the cues controlling the commitment to the Start decision are the mating 

pheromone-induced signal via MAPK Fus3 and the Start signals via G1- and S-CDK complexes. 

These three signals are integrated by a multi-phosphorylated and disordered Cdk1 inhibitor protein 

Far1 that serves as a signal processor molecule to calculate the thresholds for the commitment switch. 

The kinase signals are processed by a network of phosphorylation and docking motifs to form a 

double-negative feedback loop. At the next decision point of the cell cycle, the G1/S transition, 

another disordered Cdk1 inhibitor protein Sic1 inhibits the S-phase specific Clb5-Cdk1 complex, 

while Clb5-Cdk1 also targets Sic1 for destruction by phosphorylation. We show that the timing and 

the shape of Sic1 degradation switch is controlled by a similar principle of a multi-branched processor. 

Rewiring the multisite phosphorylation networks in Far1 and Sic1 can alter the timing and shape of 

both Start and G1/S switches. In conclusion, intrinsically disordered phospho-regulated proteins can 

serve as sophisticated signal processors controlling key cell cycle transitions. Moreover, the idea that 

integration and processing of multiple input signals can be performed by a single unstructured protein 

is opposed to the current thought that such signal processing requires entire genetic circuits or 

pathways. Similar principles of sequential signal processing via multisite phosphorylation networks 

can be applied to synthetic circuit design. 
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Accurate structural modeling of peptide-protein interactions using Rosetta FlexPepDock 

 

a NAWSAD ALAM, b DIMA KOZAKOV, a ORA SCHUELER-FURMAN 

 

a Department of Microbiology and Molecular Genetics, Institute of Medical Research Israel -Canada, 

The Hebrew University of Jerusalem, Israel  

b Department of Applied Mathematics and Statistics, SUNY Stony Brook, NY, USA  

 

Many partly or fully intrinsically unstructured proteins use short linear stretches to interact 

with their partners [1]. Such peptide-mediated interactions play major regulatory roles in the cell, and 

their accurate modeling is of primary importance for the structure-based characterization and 

modulation of protein communication. Moreover, such models can improve our understanding of the 

basic principles that underlie the process of protein-protein recognition. 

We have previously developed Rosetta FlexPepDock [2,3], a protocol for the accurate 

refinement and modeling of peptides into receptor binding sites, starting from an approximate peptide 

structure or location, and used the structural models to identify new binding partners for given peptide 

binding receptors and enzymes.  

I will present recent significant advances to the protocol that allow its effective application to 

the challenging problem of global peptide docking, where only the receptor structure and the peptide 

sequence are given, but no information about the receptor binding site nor the peptide structure (or 

sequence binding motif) is available. Our PIPER-FlexPepDock implementation draws from the 

observation that the bound peptide conformation can be sampled by extracting fragments of similar 

(predicted) structure and sequence from protein monomer structures, similar to the fragment libraries 

used for ab initio monomer structure prediction in Rosetta [4]. By combining an efficient, exhaustive 

rigid body search, of the fragment set (using PIPER FFT-based docking [5]) with subsequent detailed 

flexible refinement (using Rosetta FlexPepDock refinement), we are able to sample the full energy 

landscape of peptide-protein association and generate models of unprecedented accuracy. 

By relying on structural rather than sequence information, binding of novel or unknown sequence 

motifs is possible, considerably extending the range of application. The success of this approach 

suggests that the peptides sample the bound conformation – at least in the protein-like encounter 

complex regime, similar to globular protein-protein association. 

 

Acknowledgement: Financial support from the European Research Council (ERCstG 310873 to O.S 

F), the USA–Israel Binational Science Foundation (BSF 2009418,2015207 to O.S-F and DK), and 

NSF (DBI 1458509, AF 1527292, to DK) are acknowledged. 
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Understanding amyloid: from structure to function 

 

a KAREN MARSHALL, a DEVKEE VADUKUL, a KYLE MORRIS,  

a ZAHRAA AL-GARAWIYOUSSRA AL-HILALY, a LENZIE FORD,  

a MAHMOUD BUKAR MAINA, a LOUISE SERPELL 

 

a School of Life Sciences, University of Sussex, Falmer, Brighton, BN1 9QG, UK 

L.C.Serpell@sussex.ac.uk 

 

Many proteins and peptides with different primary sequences share the ability to self-assemble 

to form amyloid fibrils. A large number of these have been implicated in protein misfolding diseases 

but many perform functional roles in living organisms. Amyloid fibrils are also being utilised to form 

functional materials, highlighting the need to better understand the structure-function relationship.  

It is clear that the sequence of amyloidogenic peptides determines the ability to self-assemble 

and in turn, this relates to the formation of toxic oligomers and mature amyloid fibrils. Our work 

reveals insights into the mechanism of amyloid-induced toxicity, providing a platform to better 

understand deleterious effects of oligomeric proteins in disease and how amyloid fibrils may be 

controlled for functional and non-toxic roles. 

 

References 
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Sada AA, Thorpe JR et al: A central role for dityrosine crosslinking of Amyloid-beta in Alzheimer's 
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Multivalency in Transcriptional Regulation of the Hub Protein LC8 

 

a SARAH A. CLARK, b RADOVAN FIALA, b JIRI NOVACEK, a ELISAR BARBAR 

 

 a Department of Biochemistry and Biophysics, Oregon State University, 

Corvallis, Oregon 97331 

b Central European Institute of Technology, Masaryk University, Kamenice 753/5, 

62500 Brno, Czech Republic 

 

Hub proteins bind a large number of partners to facilitate structural changes and downstream 

protein interactions. LC8, a highly conserved 20.6 kDa protein homodimer (10.3 kDa monomer), is a 

unique hub that acts as a chaperone by dimerizing its primarily disordered partners [1,2]. LC8 binding 

is associated with a range of cellular processes, from cell division to apoptosis, underscoring LC8’s 

essential role as a regulatory hub. In recent years, the number of experimentally verified LC8 partners 

has risen to more than 40, and prediction methods indicate that dozens more may specifically bind 

LC8 [3]. Therefore, gaining insight into how LC8 interacts with partner proteins, and how LC8 levels 

in the cell are balanced, is paramount to understanding the regulation of many cellular processes. 

ASCIZ, an 88 kDa protein initially discovered as a component of the DNA damage response has 

recently been identified as a transcription factor for LC8. Mice with mutations in ASCIZ that prevent 

LC8 transcription die in late embryogenesis and exhibit serious developmental defects in kidneys and 

lungs. Here we show that the hub protein LC8 and its transcription factor, ASCIZ, participate in a 

unique method of feedback regulation that relies on binding to multiple recognition motifs in ASCIZ’s 

intrinsically disordered domain. Even though intrinsic disorder is prevalent among eukaryotic 

transcription factors, its functional relevance in these systems remains unclear. Using a combination of 

structural and cell biology, we propose a model that explains the functions relevance of disorder. We 

describe how disorder in the transcription factor ASCIZ presents multiple short linear motifs to 

regulate transcription of the hub protein LC8. Using isothermal titration calorimetry, analytical 

ultracentrifugation, and NMR, we identify seven LC8 recognition motifs in Drosophila ASCIZ that 

bind LC8 with cooperativity modulated by the position of motifs in the sequence rather than their 

sequence specificity. ASCIZ and LC8 form a dynamic mixture of complexes which, instead of acting 

as simple on/off switch, facilitate gradual activation of varying levels of LC8 transcription. These data 

along with cellular transcription assays of human ASCIZ support a model by which complexes with 

different LC8 occupancies can sense LC8 concentration and efficiently tune transcription levels to 

meet cellular needs. 
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Repetitive bacterial surface proteins 

 

JENNIFER R. POTTS 

 

Department of Biology, University of York, UK  

 

Cell wall-attached proteins of Gram positive bacteria play important roles in infection 

including the formation of biofilms on medical devices, an important clinical problem. Several of 

these proteins have a common organisation that includes a highly repetitive central region. We are 

using a variety of biophysical and structural techniques including NMR spectroscopy, X-ray 

crystallography, small angle X-ray scattering and calorimetry [1,2] to characterise these repetitive 

proteins.  
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Principles of protein structural ensemble determination 

 

MICHELE VENDRUSCOLO 

 

Department of Chemistry, University of Cambridge, Cambridge CB2 1EW, UK 

 

The biological functions of protein molecules are intimately dependent on their 

conformational dynamics. This aspect is particularly evident for disordered proteins, which constitute 

perhaps one-third of the human proteome. Therefore, structural ensembles often offer more useful 

representations of proteins than individual conformations. Here, we describe how the well-established 

principles of protein structure determination should be extended to the case of protein structural 

ensembles determination. These principles concern primarily how to deal with conformationally 

heterogeneous states, and with experimental measurements that are averaged over such states and 

affected by a variety of errors. We first review the growing literature of recent methods that combine 

experimental and computational information to model structural ensembles, highlighting their 

similarities and differences. We then address some conceptual problems in the determination of 

structural ensembles and define future goals towards the establishment of objective criteria for the 

comparison, validation, visualization and dissemination of such ensembles. 

 

References 

1. M. Bonomi, G. T. Heller, C. Camilloni and M. Vendruscolo. Principles of protein structural ensemble 

determination. Curr. Op. Struct. Biol. 42, 106-116 (2017). 

2. P. Sormanni, D. Piovesan, G. T. Heller, M. Bonomi, P. Kukic, C. Camilloni, M. Fuxreiter, Z. Dosztanyi, 

R. Pappu, M. M. Babu, S. Longhi, P. Tompa, A. K. Dunker, V. N. Uversky, S. C. E. Tosatto and M. 

Vendruscolo. Simultaneous quantification of order and disorder in proteins.Nat. Chem. Biol. 13, 339-342 

(2017) 

  

Aggregation I08 



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

1
4

 
 

Binding without folding: Extreme disorder and dynamics in a high-affinity protein 

complex 

 

BENJAMIN SCHULER 

 

University of Zurich, Switzerland 

 

The functions of proteins have traditionally been linked to their well-defined three-

dimensional, folded structures. It is becoming increasingly clear, however, that many proteins perform 

essential functions without being folded. Single-molecule spectroscopy provides new opportunities for 

investigating the structure and dynamics of such unfolded or ‘intrinsically disordered’ proteins (IDPs). 

The combination of single-molecule Förster resonance energy transfer (FRET) with nanosecond 

correlation spectroscopy, microfluidic mixing, and related methods can be used to probe intra- and 

intermolecular distance distributions, reconfiguration dynamics, and interactions on a wide range of 

timescales, and even in heterogeneous environments, including live cells. 
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At the cross-road between structured and disordered binding motifs: the Ubiquitin 

Interacting Motives 

 

a,b MATTEO LAMBRUGHI, a BURCU AYKAC FAS, c GARY S. SHAW,  

b GAETANO INVERNIZZI, a,d ELENA PAPALEO 

 

a Computational Biology Laboratory, Strandboulevarden 49, 2100, Copenhagen, Denmark 

b University of Milano-Bicocca, Department of Biotechnology and Biosciences, Milano, Italy 

c Department of Biochemistry, Schulich School of Medicine and Dentistry, The University of Western Ontario, 

London, Ontario, Canada, N6A 5C1 

d Structural Biology and NMR Laboratory, Department of Biology, University of Copenhagen, Copenhagen, 

Denmark 

 

Proteins containing intrinsically disordered segments (IDSs) are now recognized as key 

effectors in the biological processes of the cell [1]. They are central elements in signaling hubs, 

mediating the dynamic interaction with multiple macromolecules and orchestrating cellular  

pathways [2]. Notably binding motives are frequently embedded in IDSs [3] and, together with their 

heterogeneous structural biology, make them crucial to modulate the functions of proteins. We are 

using cutting-edge Molecular Dynamics simulations together with enhanced sampling approaches and 

integrated by NMR experiments to characterize the structural biology of the disordered regions of the 

ataxin-3 (AT3). AT3 is a multidomain deubiquitinating enzyme that is involved in aggregation 

processes and development of neurodegenerative disease and in cancer [4]. The active site of AT3 is 

located in the folded N-terminal Josephin domain, followed by a long C-terminal disordered segment 

contains multiple Ubiquitin (Ub) binding motives (UIMs). The IDS of AT3 is proposed to act in the 

recognition and recruitment of the substrates to the catalytic site of the enzyme and to play important 

roles in disease associated mechanisms. Despite this, the molecular mechanisms of the interplay 

between folded and disordered segments in AT3 are largely unknown. We are investigating the IDS of 

AT3 both in free and in complex with Ub and other binding partners as well as in mutated versions to 

understand how they affect their structural biology and how this regulates the activity of the protein. 

In this contribution, we redefine the signature and structural properties of the UIM motifs for 

interaction with Ub. Despite the structural portrait provided by X-crystallography in which these 

motifs have been always ascribed to stable helical structures, we here show that UIM motifs can be 

classified in canonical and helical motifs and non-canonical and intrinsically disordered ones. This 

new class of disordered UIM-like proteins, as exemplified by the Cterminal IDSs of AT3, is 

particularly intriguingly since it is expected to binding Ub with low affinity or not to bind Ub at all. 

These motifs in IDSs can thus provide versatility and new functions to the proteins that contain them 

and they open the venue for new research of their interactome. Our results show interesting molecular 

mechanisms and their alterations, paving the way for future project aimed to use disordered segments 

as therapeutic targets for the design of new drugs. 
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The relationship between folding and activity in UreG, an intrinsically disordered 

enzyme 

 

a MARTA PALOMBO, b ALESSIO BONUCCI, b EMILIEN ETIENNE, a STEFANO CIURLI,  

c VLADIMIR N. UVERSKY, b BRUNO GUIGLIARELLI,  bVALÉRIE BELLE,  

b ELISABETTA MILEO, a BARBARA ZAMBELLI 

 

a Laboratory of Bioinorganic Chemistry, Department of Pharmacy and Biotechnology, University of Bologna 

b Aix-Marseille Univ, CNRS, IMM (FR 3479), BIP (UMR 7281), 31 chemin Joseph Aiguier 13402 Marseille  

c Department of Molecular Medicine, University of South Florida, 12901 Bruce B. Downs Blvd., MDC07, Tampa  

 

Nickel delivery into the active site of urease, an essential enzyme for plants, fungi and 

bacteria, requires the presence of four accessory proteins, named UreD, UreF, UreG and UreE [1]. 

UreG, responsible for hydrolysis of GTP, which regulates the complex interaction network, presents a 

flexible fold that makes this protein the first discovered intrinsically disordered enzyme [2]. This 

protein likely uses disorder to couple its catalytic function to a non-enzymatic role as a molecular 

chaperone, undergoing disorder-to-order transition upon interaction with its partners. Isolated UreG 

proteins from different biological sources were recognized as collapsed disordered proteins under 

native conditions, existing as ensembles of interconverting conformations with significant degree of 

secondary and tertiary structure [3, 4, 5, 6]. 

With the aim to address the importance of dynamics for catalysis, we investigated the 

relationship between folding and activity in Sporosarcina pasteurii UreG (SpUreG). The effect of 

denaturants and osmolytes on protein structure and activity was analyzed using circular dichroism 

(CD), Site-Directed Spin Labeling (SDSL) coupled to EPR spectroscopy, and enzymatic assays. 

Results show that the activity of UreG is not directly correlated to the degree of protein rigidity. 

Rather, they suggest that UreG needs a “flexibility window” to be catalytically competent, with both 

too low or to high mobility being detrimental for its activity. These findings constitute a step forward 

toward the understanding of the role of dynamics for enzyme function and evolution, showing 

potential applications for enzyme design. 
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Cross-talk between redox regulation and protein homeostasis 

 

a ODED RIMON, a OHAD SUSS, a RAVIT MASIKA, a RESHEF MINZ, a ROSI GILLIN,  

a MEYTAL RADZINSKI, a OHAD YOGEV, a DANA REICHMANN 

 

a Department of Biological Chemistry, The Hebrew University of Jerusalem, Jerusalem, Israel 

 

 Why do we age? How do we cope with environmental and physical changes? What makes 

pathogens smarter than their host? One of the biological processes linking all these questions relates to the 

amazing ability of cells to respond to changes in the environment, such as changes in oxidant levels, and 

protect its proteome against damage.  

 Cellular defense depends heavily on redox-regulated proteins, redox switch proteins, which play 

fundamental roles not only during cellular defense but also in signaling, and protein biogenesis.  

 Here I will speak about conditionally disordered chaperone, Hsp33 (in bacteria) and TrypOx (in 

T.brucei pathogen) that use their redox status to protect cellular proteome during oxidative stress. These 

chaperones need to lose their structure in a redox-dependent manner to become active as chaperones. By 

modifying Hsp33 sequence we reveal that the metastable region of Hsp33 has evolved to abolish redox-

dependent chaperone activity, rather than enhance binding affinity for client proteins. The intrinsically 

disordered region of Hsp33 serves as an anchor for the reduced, inactive state of Hsp33, and dramatically 

affects the crosstalk with the synergetic chaperone system, DnaK/J. By using mass spectrometry, we 

describe the role that the metastable region plays in determining client specificity during normal and 

oxidative stress condition in the cell. Our results suggest that Hsp33 might serve as a member of the 

house-keeping proteostasis machinery, tasked with maintaining a “healthy” proteome during normal 

conditions, and that this function does not depend on the metastable linker region. 

 Moreover, I will describe a methodology we have developed to characterize interactome of 

thermobile proteins in cells. We had applied in-vivo crosslinking methodology coupled with mass 

spectrometry to define interactome of thermobile and stable variants of Luciferase protein in E.coli. 
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There are many well-established methods, known from the literature, that are suitable for 

searching for similar protein sequences in the dataset of interest. Usually, on the basis of the results of 

similarity searching we can conclude about the properties and functions of a protein. However, the 

statistical models on which these methods are based are typically designed for “normal” protein 

sequences that are characterized by high complexity of amino acids composition. Therefore, it is 

questionable if these methods can be used to find similar low complexity regions (LCRs) coming from 

very different proteins in an attempt to gain new insights into LCR characteristics. 

In the present study we analyze if and how these well-known methods of searching for similar 

sequences could be applied to the dataset that include only protein low complexity fragments. In the 

first step we identify all low complexity regions in the proteins from the SwissProt database using the 

SEG [1] method. Then we search for pairs of similar LCR fragments using three different methods: 

CD-HIT-2D [2], BLAST [3] and HHblits [4]. We compare the results obtained with the selected 

methods, the number of similar pairs that were found and the overlap among similar LCR pairs 

identified by different methods. As we are especially interested in such similar LCRs that come from 

dissimilar proteins, for each identified pair we also compare the similarity among their corresponding 

high complexity fragments. In this work we show that both HHblits and CH-HIT-2D outperform 

BLAST in quality of comparisons. 
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Intrinsically disordered proteins (IDPs) are often involved in protein-protein association that is 

accompanied by their folding. In the unbound state IDPs may exhibit transient secondary structure 

while in the bound state some of them retain a considerable dynamics and conformational 

heterogeneity that is typical for fuzzy complexes [1]. Both, the level of transient secondary structure in 

the unbound state and the conformational heterogeneity in the bound state, could be varied by 

changing the IDP amino acid sequence. Here we will show how these changes affect thermodynamics 

of IDP folding and binding. 

Thermodynamic analysis of interactions was performed on a model system consisting of the 

antitoxin CcdA (IDP) and its folded target toxin CcdB [2, 3]. Such interactions are crucial for the 

functionality of bacterial genetic systems called toxin-antitoxin modules [4]. Effect of IDP mutations 

on the IDP-target association was monitored by ITC and CD-spectroscopy and analyzed by molecular 

modeling. We will demonstrate how the accompanying changes of energetics may be dissected into 

folding and binding contributions using structural information. We will show that the differences in 

IDP folding propensity manifest themselves mainly through the energetics of the bound-state 

structures, where unfavorable folding leads to a less ordered bound-state, and suggest the 

thermodynamic origin of this increased 'fuzzines'. 
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Protein folding is a complicated, easily disrupted process, and even after 4 billion years of 

evolution, protein misfolding and aggregation continue to be major challenges for all living beings. 

Despite these problems, natural proteins nevertheless represent a best-case group, as in their 

overwhelming majority polypeptides do not appear to have a folded structure at all. Unsurprisingly, 

except in viruses, proteins emerged de novo are largely or entirely unstructured. New structured 

proteins do however emerge continually in nature from pieces of existing proteins. The dominant 

mechanism for this is repetition and the resulting proteins are almost invariably solenoids of fibers. 

Here we will review examples of this process at work in the surface proteins of bacteria. 
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While most protein sequences are aperiodic and feature most of the 20 proteinogenic amino 

acids, many proteins harbour low complexity regions (LCRs). LCRs are strikingly simple sequences 

with a strong bias in their amino acid composition [1]. In their simplest form, the so-called 

homorepeats (HRs), the sequences consist of repetitions of a single amino acid. Interestingly, HRs are 

quite common in the human proteome and ~20% of human proteins contain at least one HR of 5 or 

more residues [2]. While some authors postulated that HRs lack any particular function, they are 

highly enriched in specific functional classes of proteins (e.g. transcription factors and developmental 

proteins) and can directly modulate proteinprotein interactions and transcription. Most importantly, 

>40% of proteins with multiple HRs are key players in human diseases, including Huntington's 

disease, several ataxias (poly-Q) and synpolydactyly syndrome (poly-A) [1, 2]. 

Unfortunately, the underlying disease mechanisms are currently poorly understood. This is 

mostly due to the technical challenges encountered in high-resolution structure/function studies of HR 

regions. HRs are often found in intrinsically disordered regions, precluding crystallisation, and the 

assignment of NMR spectra is complicated by the chemical similarity and thus poor peak dispersion of 

the residues within the repeats. Our work aims to overcome the current limitations of HR structure 

characterisation by simplifying the NMR spectra of HR proteins by site-specifically incorporating a 

single 15N/13Clabelled amino acid into the poly-Q and poly-P regions of the model protein 

huntingtin. To this end, we supplement our cell-free reaction [3] with loaded nonsense suppressor 

tRNAs [4] that we prepare using either the respective aminoacyl tRNA synthetase or the de novo 

ribozyme flexizyme [5]. Following this strategy of labelling one individual residue of the HR tract per 

sample, we have been able to record greatly simplified NMR spectra that enabled us to unambiguously 

monitor structural and dynamic features of that residue in the context of the HR tract. By integrating 

all data obtained on HR tract residues we are now able to decipher local structural propensities, 

structural cooperativity and possible intra-molecular interactions. 

Our approach opens up the large family of HR-containing proteins to high-resolution 

structural biology, a necessary step to understand the bases of multiple pathologies and to guide drug 

design. 
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Amyloid fibrils are the subject of special interest due to their link to a broad range of human 

diseases. In the majority of cases, within the same protein, the amyloid-forming regions coexist with 

the other sequence motifs including intrinsically unstructured regions and structured domains. It is 

apparent that these regions flanking the amyloidogenic regions can affect formation of amyloids. For 

example, in protein with a very short linker between amyloidogenic region and globular domain, the 

steric repulsion of the globular structures can prevent formation the amyloid fibrils [1]. However, 

despite considerable interest and importance this issue is poorly understood. This situation may be 

attributed to the fact that the examination of these effects by experimental methods is hampered by 

high polymorphism of amyloid structures which brings an uncertainty in our knowledge about the 

beginning and end of the amyloidogenic regions and linker in a given experiment. In this situation 

theoretical modeling approaches are becoming essential to understand these effects. Furthermore, the 

modelling that uses the steric tension as a criteria can give us highly trustworthy results. 

Thus, the objective of this work was to evaluate the steric effect of the neighboring globular 

domains on amyloid formation by using molecular modeling, molecular dynamics and mesoscopic 

protein models [2]. In particular, we tested a hybrid protein containing an amyloid-forming fragment 

of Aβ peptide (17-42) and GFP as a globular domain. To find the shortest possible linker for the 

infinite amyloid fibril of Aβ-linker-GFP molecule we constructed a model with pseudo-helical 

arrangements of the densely packed GFPs around the Aβ amyloid core and searched for the 

stereochemically allowed linkers. We also used Targeted Molecular Dynamics approach to model the 

fibrillogenesis. As a result, we established the linkers of 7 and more residues allow fibrillogenesis of 

Aβ-linker-GFP molecules. We also were able to establish a more general relationship between the size 

of the globular domain and the length of the linker by using mesoscopic protein modeling.  

The results of this work can provide the fundamental understanding of the molecular 

mechanisms of amyloidogenesis and also can be used in the interpretation of the experimental results, 

improvement of the prediction of amyloidogenic regions in proteins, inhibition of amyloid formation 

and design of nanostructures.  
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Bacterial amyloids are generally formed by more than one protein, in E. coli (CsgA and 

CsgB), in Pseudomonas (FapB and FapC) or in Bacillus (TasA and TapA) [1]. These protein are 

interacting each other and forming the matrix materials of the biofilm through molecular self-

assembly. Biofilm proteins are offering many possibilities to be used a molecular building blocks to 

form new generation of material systems. These proteins can be functionalized with chemical groups 

through protein engineering strategies resulting in functional self-assembled entities. We aimed to 

program CsgA and CsgB proteins to form strategies for the utilization of these proteins as functional 

material systems. We followed two different routes, in the first approach we used the purified proteins 

of CsgA and CsgB (CsgA is the major biofilm protein whereas CsgB is the minor protein). We exploit 

the assembly properties of CsgA and CsgB proteins to form ordered material systems in vitro. Biofilm 

proteins offer opportunities as cheap, useful, easy-to-synthesize biomaterials that can be functionalized 

through protein engineering. In the second approach we programmed cellular circuits to secrete 

biofilm proteins using recombinase protein based genetic logic gates to control the morphology of the 

final biofilm structures. Additionally we presented how to genetically control the mechanical 

properties of these non globular protein assemblies in vivo [2]. These enabled us to control the final 

material properties of a self-assembled protein based nanowire systems. Functional amyloids of 

bacteria are promising biomaterial systems for functional applications ranging from bioelectronics to 

tissue engineering [3]. 

Acknowledgements: This study was supported by TUBITAK through project 114M163  
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Intrinsically disordered proteins (IDPs) are involved in the regulation of numerous crucial 

biological processes and in the pathogenesis of various human diseases via binding to multiple protein 

partners. Due to their principal biological significance mapping of protein-protein interactions (PPIs) 

of IDPs will have far-reaching effects on our understanding of cellular functions and on discovery of 

modulators the IDPs functionalities. Sequence based protocols for prediction of PPIs that utilize 

machine learning are powerful approach to speed up discovery of new interactions in the most 

economical way. We developed a sequence based method utilizing physicochemical features of the 

interacting and non-interacting protein pairs that are pulled out by means of spectral and pseudo amino 

acid composition sequence representations. The method performs binary classification and feature 

selection based on machine learning algorithms and allows for prediction interactions between human 

IDPs and proteins with disorder regions and any other member of the human proteome. Our goal was 

to define a model which relies on unique intrinsic features of IDPs complexes which will be capable to 

predict interactions with partners that were unseen to model during the training process.  Human IDP 

sequences were retrieved from the DisProt 7 database and their interactions from the HIPPIE v2.0. In 

order to identify the best predictive model, we made a procedure for automatic model building and 

evaluation of machine learning approaches as well as feature selection and parameter optimization. 

Procedure included evaluation of ensemble based algorithms such as Random Forests and Gradient 

Boosted Trees, cutting edge single models such as SVMs and traditional models such as Logistic 

Regression. In order to perform training and testing on strictly non-similar sequences we designed 

interaction datasets to have less than 40% of homology. Furthermore, given that IDPs act as hubs and 

have multiple binding partners or many IDPs are prone to interaction with one same partner we had to 

keep the equal imbalance ratio per protein in training and test sets. Our proposed prediction method 

outperforms similar methods on this task and achieves an average 74% accuracy and 79% AUC when 

evaluated by ten-fold cross-validation.  We thus demonstrate that our method efficiently generalize 

intrinsic features of IDPs interactions and can be considered as powerful approach to foster discoveries 

of insufficiently understood IDPs ensembles. 
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The intrinsically disordered regions of proteins contain a multitude of functional modules 

known as short, linear motifs (SLiMs) and intrinsically disordered domains (IDDs). These sites 

mediate a diverse set of functions such as directing ligand binding, providing both peripheral docking 

sites and specificity for modifying enzymes, controlling protein stability and acting as signals to target 

proteins to specific subcellular locations. However, to date, the vast majority of these modules that 

have been experimentally validated remain to be curated. We recently estimated that 2/3 of the articles 

describing experimental validation of SLiMs are unannotated. The current resource collecting these 

instances, the ELM database, is limited in its scope ignoring high-throughput data such as phage 

display or peptide arrays. However, it still cannot keep pace with the growth of the available literature 

due to the complicated curation process. Strikingly, intrinsically disordered domains are not currently 

catalogued in any resource. A comprehensive resource of experimentally validated functional modules 

in intrinsically disordered regions will be an unmatched educational resource for biologists and a gold 

standard source of data to train future discovery tools to analyse the function of intrinsically 

disordered regions. We present a prototype resource for such data. The resource, DIDI (Database of 

Intrinsically Disordered Interfaces), will be a repository for community-curated and data-mined 

information from low-throughput experiments, peptide array data, classical/proteomic phage display 

and structural studies. The resource can be considered the functionally-oriented sister resource of the 

structural information-centric DisProt database. The success of the Non-Globular Proteins COST 

community-driven annotation of DisProt will hopefully be replicated for the functional aspects of the 

field. 
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Armadillo Repeat Proteins: From their evolution to their engineering 
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Most binding proteins used in research are monoclonal antibodies, made by the >40-year-old 

hybridoma technology, some with questionable performance [1, 2]. More recently, recombinant 

antibodies and non-antibody scaffolds, selected from synthetic libraries, have started to provide access 

to molecularly defined molecules [3, 4]. Nonetheless, all of these approaches require one to treat every 

target as a completely new project. This is currently unavoidable for folded proteins. We hypothesized 

that for unfolded proteins or unfolded stretches (western blots, tags, posttranslationally modified tails), 

termed "peptides" for simplicity, the regularity of the peptide main chain can be exploited, and a 

modular detection system can be devised, which would ultimately allow to generate a sequence-

specific binding protein without experimentation. 

 The basis of our approach are Armadillo Repeat Proteins [5-15], which bind peptides in a 

completely extended way, providing a pocket for each side chain, and thus access to a modular 

approach. Combining evolutionary engineering, NMR, X-ray crystallography and structure-based 

computation, we have now achieved well crystallizing ArmRPs with bound peptides, picomolar 

affinities, and a well functioning selection and evolution technology, as well as a portfolio of 

biochemical and biophysical analysis technologies for the engineered ArmRPs. Progress in the various 

aspects will be summarized. 
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Tandem repeat proteins (TRPs) are a puzzling class of proteins whose 3D architecture consists 

in the repetition of a simple structural module [1]. Being these structural units stabilized from the 

inter-unit interactions, they confer to repeat proteins a unique folding pathway and properties. TRPs 

are central in cell signaling and regulation, in fact they are usually characterized by a large surface free 

to specialize for a variety of functions, including protein-protein interaction. TRP folds emerged 

several times across different lineages and are widely distributed across functional pathways. Repeat 

regions arise from the multiple duplication of a segment in a coding sequence. For Eukaryotes, it has 

been suggested that repeated segments could correspond to exons, thus being easily recombined and 

duplicated thanks to the modular intron/exon structure [2]. To test this hypothesis, we extended the 

evolution analysis of TPRs to all known repeated structures by exploiting RepeatsDB data [3]. We 

analyzed the exon structure of the repeated regions in order to measure the correspondence with the 

structural modularity of the repeats. The analysis shows that the exon/unit patterns are family-specific, 

i.e. conserved among Pfam domains and linked to the evolutionary history of the repeat domain [4]. 

Ancient repeat domains usually do not show a well defined exon/unit matching on the contrary, TRPs 

mainly observed in Eukaryotes do. A possible explanation is that repeat domains originated in 

Eukaryotes took advantage of exon/intron mechanisms to facilitate unit expansion. This scenario is 

observed in all repeat classes, from elongated to closed to beads-on-a-string repeats, indicating that 

this tendency is intrinsic in the modularity of these genes and may have contributed to the greater 

number of TRPs in Eukaryotes than Prokaryotes. Finally, thanks to this detailed analysis it was 

possible to establish the correct evolutive phase of the repeat families, contributing to the curation of 

RepeatsDB structural annotation. The analysis focuses on these families by providing and discussing 

representative examples. By taking repeat proteins as manageable study case, this work sheds light on 

the mechanisms of protein evolution by duplication of genetic material. 
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a Faculty of Biology, Johannes-Gutenberg University of Mainz, Gresemundweg 2, 55128 Mainz, 
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b Institute for Molecular Biology gGmbH, Ackermannweg 4, 55128 Mainz, Germany.  

c UCD Conway Institute of Biomolecular and Biomedical Research, University College Dublin, 

Belfield, Dublin 4, Ireland. 

 

Biased regions in proteins, regions of unusual amino acid composition, appear in many 

sequences. Different to regions that fold into globular domains, these regions have less understood 

functional and structural properties. Previously these regions were considered mere linkers between 

domains, but it is becoming more obvious that they have functions, for example holding sites for post-

translational modifications, and motifs for the interaction with proteins, RNA and DNA [1]. Biased 

regions have fast rates of evolution and therefore low conservation in homologous sequences, which 

difficults their study by sequence comparison.  

Here, we present our approaches for the study of biased regions. Since the sequences between 

globular domains tend to be compositionally biased, we study these connectors, characterizing their 

amino acid biases, and how those associate with certain functions and locations in respect to the 

particular types of protein domains they connect to. In addition, we are studying compositionally 

biased regions composed of very short repeats, since these are likely to have different structural 

properties (and likely different functions) than biased regions with amino acids in random order.  

These analyses follow our previous work using motif discovery [2], and our use of context to 

characterize homorepeats [3], and take further steps towards the complete evolutionary and functional 

analysis of large regions of proteins yet unexplored. 

 

Acknowledgement: The authors thank all members of the CBDM group for helpful and constructive 

discussions. We gratefully acknowledge the support of the COST Association (Cost Action BM1405). 
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Repeat proteins: scaffolds for artificial bioelectronics materials 
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The development of sophisticated ordered functional materials is one of the important 

challenges in current science. One of the keys to enhance the properties of these materials is the 

control of the organization and morphology at different scales.  In this work, we present a bioinspired 

methodology to achieve highly ordered donor/acceptor bio-nanohybrids using designed repeat proteins 

as scaffold, in particular, tetratricopeptide repeats (TPRs) [1,2]. The repetitive nature of the TPR 

proteins has been shown to provide a regular ordered surface suitable for the display of porphyrin 

chromophores with desired spacing and density with atomic-resolution precision, forming a highly 

regular conjugated array of porphyrins for optimal energy capture [3]. The protein scaffold is endowed 

with photoactive and electron donating porphyrin (P) units, to efficiently wrap around electron 

accepting Single wall carbon nanotubes (SWCNT). A systematic experimental study reveals that 

designed proteins wrap around the SWCNT in an efficient manner due to the strong supramolecular 

interaction existing between the inner concave surface of the protein and the convex surface of the 

SWCNT. Interestingly, spectroscopy and X-ray diffraction data further confirm that the so-called 

protein-P-SWCNT donor-acceptor bio-nanohybrids retain the original protein structure. Finally, the 

new bio-nanohybrid show a remarkable enhancement on the photoconductivity values measured by 

FP-TRMC technique. 
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CAST [1] is an algorithm that detects compositionally biased regions in protein sequences. It 

is originally implemented as an iterative variant of the Smith-Waterman dynamic programming 

pairwise sequence alignment algorithm [2], comparing a query sequence to degenerate homopolymers 

corresponding to the 20 different commonly occurring proteinogenic amino acids. CAST was shown 

to be a superior choice for masking low complexity regions prior to database searches [1, 3, 4], 

however it is much slower than competing tools (e.g. the widely used SEG [5]).  

In this work, we report a new implementation of the CAST algorithm which (in addition to 

bug fixes and new output format options) introduces novel options for heuristic detection of 

compositionally biased regions with a significant speed-up, especially in cases of heavily 

compositionally biased datasets. We demonstrate, that with careful selection of the novel heuristic 

parameters, users can maintain the speed-up with only marginal loss of specificity in the detection of 

compositionally biased regions. We will also describe novel web accessible tools related to the 

detection of compositionally biased regions in protein sequences. 

Acknowledgement: We wish to thank Prof. Christos Ouzounis (CERTH, Greece), Agathoklis 

Papadopoulos and Theocharis Theocharides (KIOS Center/University of Cyprus, Cyprus) for helpful 
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a DARIUS ŠULSKIS, a GRETA MUSTEIKYTĖ, a VYTAUTAS SMIRNOVAS 

 

a Vilnius University, Institute of Biotechnology, Vilnius, Lithuania  

 

Prions are infectious particles which play the main role in a group of fatal neurodegenerative 

disorders, also known as the transmissible spongiform encephalopathies. Prion diseases propagate by 

self-replication of a pathogenic prion isoform using cellular prion protein (PrP) as a substrate. 

Transmission of prion diseases between different species is possible, but in some cases species barrier 

can be observed.  

Here we studied cross-seeding between human and Syrian hamster PrP amyloid-like fibrils. 

Our kinetic data shows the barrier between these species to be one-sided – self-replication of hamster 

PrP fibrils using human PrP as a substrate is much slower than using hamster PrP, while human PrP 

can self-replicate equally fast using either human or hamster PrP as a substrate. Structural studies 

using FTIR spectroscopy revealed differences in structures of human and hamster PrP fibrils and 

inability of human PrP to adopt structural features of hamster PrP fibrils. Comparison of PrP mutants 

revealed that differences in amino acid sequence at positions 166 and 168 are the main reason for this 

species barrier. 
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Molecular tools to tackle protein aggregation in Machado-Joseph disease 
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*Shared first authorship 
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Medicine, University of Minho, Braga, 4710-057, Portugal. Machado-Joseph Disease (MJD) 

is a neurodegenerative disorder, included in the group of polyglutamine (polyQ) diseases, caused by a 

mutation resulting in the expansion of the polyglutamine tract in the protein ataxin-3 (Atx3). This 

protein functions as a deubiquitinase and turns pathogenic whenever its polyQ tract exceeds a 

threshold of 55 glutamines. Enzymatic activity is ensured by the globular Josephin domain (JD), 

which is followed by a flexible C-terminus tail containing two or three ubiquitin-interacting motifs 

(UIMs) and the polyQ tract. The JD carries aggregationprone regions required for the first stage of 

aggregation, independent of polyQ tract. Macromolecular interaction of Atx3 partners within this 

region proved to modulate Atx3 aggregation rates. Nanobodies, derived from camelid heavy-chain 

antibodies, are emerging as promising tools in biotherapeutics and as probes for protein aggregation 

due to their high affinity, specificity and stability. Therefore, nanobodies targeting JD have been 

produced and tested as tools to interfere with Atx3 self-assembly. One of these nanobodies, NB01, 

proved to interact both with non-expanded (13Q) and expanded (77Q) Atx3 in thenanomolar range, 

although with higher affinity towards Atx3 77Q. Furthermore, the molecular interaction between 

NB01 and Atx3 has an impact on Atx3 self-assembly rates and impairs maturation of pathogenic Atx3 

fibrils. Therefore, this molecule exhibits a great potential for further studies and development of future 

therapies tackling MJD pathologies. 

 

Acknowledgement: This work was financed by FEDER - Fundo Europeu de Desenvolvimento 
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the project "Institute for Research and Innovation in Health Sciences" (POCI-01- 0145-FEDER-

007274). The authors acknowledge the support and the use of resources of Instruct, a Landmark 

ESFRI project. J. Steyaert and E. Pardon (Nanobodies4Instruct, Vrije Universiteit Brussel) are 
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General consensus supports findings that accumulation of Abeta peptide (Aβ) aggregates as 

soluble oligomers and senile plaques in specific areas of human brain is a key landmark of 

Alzheimer’s disease (AD) [1]. The precise mechanism of toxicity of amyloid aggregates is not fully 

elucidated; however, there are evidences that prevention or reversion of the amyloid aggregation is 

beneficial. Therefore, the increasing attention is focused on searching for agents able to interfere with 

Aβ amyloid aggregation leading to inhibition and/or reduction of amyloid aggregates [2].  

For that purpose our aim is to search for inhibitors of amyloid aggregation among small 

molecules. We have found several derivatives of acridine, curcumin and tacrine-coumarin hybrid 

molecules, compounds extracted from traditional Chinese herbs as well as short peptides with 

significant inhibiting abilities [3, 4]. Our results indicate important relationship between compound 

structure and anti-amyloid activity. The special attention was devoted to fullerenol as novel agents 

able to affect amyloid aggregation of poly/peptides. The obtained findings favor the application of the 

active small molecules as therapeutic agents targeting Alzheimer’s diseases. 

 

Acknowledgement: Supported by grants VEGA 2/0145/17, 2/0176/14, MVTS COST 083/14 action 

BM1405 and SAS-MOST JRP 2015/5. 

 

References 

1. J. Hardy, The amyloid hypothesis for Alzheimer's disease: a critical reappraisal, J. Neurochem. 2009, 110 

(4) 1129–1134 

2. K. A. DaSilva, et al., Amyloid-β fibrillogenesis: structural insight and therapeutic intervention, Exp. 

Neurol. 223 (2010) 311–321 

3. S. Hamulakova et al., Targeting copper(II)-induced oxidative stress and the acetylcholinesterase systemin 

Alzheimer's disease usingmultifunctional tacrine-coumarin hybrid molecules, Journal of Inorganic 

Biochemistry 161 (2016) 52–62 

4. Z. Bednarikova et al. Fullerenol C60(OH)16 prevents amyloid fibrillization of Ab40 – in vitro and in 

silico approach, Phys. Chem. Chem. Phys., 2016, 18, 18855-18867  

Aggregation T19 



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

4
0

 
 

DC8E8 inhibits disordered tau protein oligomerization by a combination of pi-electron 

interaction, flexible recognition and steric hindrance 
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b AXON Neuroscience R&D Services SE, Bratislava, Slovakia  

c AXON Neuroscience SE, Larnaca, Cyprus  

 

Tau protein oligomers are likely the toxic agents underlying the neurodegeneration in 

Alzheimer's disease, therefore, an immunotherapy targeting pathogenic tau epitopes holds promise for 

a disease modifying treatment. Strong evidences exist that tau interaction is nucleated via hexapeptides 

VQIINK and VQIVYK in the microtubule-binding tau region. DC8E8 is a mouse anti-tau monoclonal 

antibody recognizing four homologous epitopes HxPGGG, two of them in the immediate vicinity of 

the aggregation-promoting hexapeptides. Strikingly, DC8E8 is able to effectively inhibit tau-tau 

oligomerization in vitro and represents therefore a promising candidate for tau immunotherapy. 

DC8E8 tau active vaccine AADvac1 derived from an epitope component of DC8E8 is under clinical 

development. We have determined several X-ray structures of DC8E8 Fab and its complexes with tau 

peptides and deduced steps of complex formation. Partially flexible antibody loop CDRH3 participates 

on specific tau recognition. Tau protein chain may adopt the type I beta-turn by residues GGGS and 

strongly interacts with the antibody aromatic rings. The bulky CDRL1 loop of the antibody remains 

conformationally unstable in the complex and forms an entropic screen of the beta-structure forming 

hexapeptides adjoining the epitope. The results allowed a mechanistic insight into DC8E8 anti-

aggregation activity and showed a strategy used by immune system to recognize an intrinsically 

flexible target. 
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Partitioning biological networks in k-plex subnetworks with maximum edge weights 
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a Faculty of Natural Science and Mathematics, University of Banja Luka  

b Faculty of Mathematics, University of Belgrade 

 

Partitioning large biological networks into smaller clusters can help in discovering new 

properties and functionalities of a particular structure. In this work we deal with the partitioning of the 

edge-weighted networks into k-plex components, where a set of some n vertices in a network is a k-

plex if the degree of each vertex in the induced subnetwork is at least n-k. The aim of the maximum 

edge-weight k-plex partitioning problem (Max-EkPP) is to find the k-plex partition with the maximum 

total weight. The problem arises from analyzing the sparse metabolic networks built on a principle that 

two metabolites are adjacent if they figure in at least one common reaction. Another application of this 

problem belongs to the area of the protein structure prediction. More concrete, protein threading 

problem can be reduced to the maximum edge-weight clique problem, which is a special case of the 

Max-EkPP for k=1. We present a heuristic approach for solving this NP hard problem and graphically 

represent the solutions obtained on some large metabolic networks. 
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Tandem repeat proteins (TRPs) are modular structures that defy the classical definition of 

globular proteins and domains, being ensembles of interdependent structural units rather than 

assemblies of structurally autonomous part. Their modularity originated from the tandem duplication 

of a sequence motif, and implies a continuum of structural arrangement from unit to unit, as well as a 

regularity in the contacts pattern that stabilizes each unit via the interaction with the flanking  

ones [1]. The structural and functional properties of these modular proteins are often preserved despite 

the high tendency to divergence of sequence repeats. This makes the identification of their sequence 

periodicity an extremely hard task. To overcome this issue, a number of structure-based methods have 

been developed. ReUPred [2], a predictor for automatic detection of tandem repeat units in protein 

structures, was used to populate RepeatsDB 2.0 [3], a resource for high-quality repeat structure 

annotation. The database includes entries annotated at unit level and classified according to a structural 

classification based on structural features. 

Here we present a manual refinement of solenoidal unit position (repeat phase), together with 

a new strategy for a finer classification, beyond subclass level. We used a network analysis based on 

the structural similarity of the repeat units to identify clusters inside subclasses. The structural 

ensembles (clusters) are characterized by different sequence and structural conformations 

corresponding to different protein families. We refined the unit definition (phase) inside each cluster 

iteratively by evaluating the multiple structural alignments. Finally, to prove the efficiency of the new 

unit definition, we derived a Hidden Markov Model (HMM) for each ensemble and performed a 

HMMER [4] search against SwissProt. The results were compared to Pfam annotation. A comparable 

number of sequences are found even if our models are built on much smaller seeds compared to Pfam. 

By applying this approach to all repeat subclasses, we will be able to characterize all repeat 

families in RepeatsDB, standardize the unit phase and derive the corresponding HMM models for 

large-scale annotation. 
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Functional elements of intrinsically disordered regions in proteins are often encoded by short 

(typically < 10 aa-long) linear motifs [1]. Longer evolutionary divergent conserved regions, however, 

are also known (sometimes called ‘intrinsically disordered domains” or IDDs) [2]. Compared to short 

linear motifs, IDDs have been shown to span longer interaction interfaces, regions of tightly clustered 

(sometimes overlapping) linear motifs and regions that fold upon post-translational modification (e.g. 

phosphorylation [3]). Here, we performed an explorative study in search of novel IDDs in the UniProt 

database [4], outside of previously annotated Pfam [5] regions. Among the novel long conserved 

disordered regions that we generated, we describe those for which we could find at least some 

functional annotation in the literature. These include Rabenosyn-5 - EH-domain, Caskin1-CASK, 

HIC1-CtBP, TNRC6C-PABC, Ataxin-3-VCP, Intersectin-Clathrin adaptor complex AP2 and USP19-

SIAH1 interaction regions along with P47-phox auto-inhibition and CYDL serine-rich regions. As a 

result of this study, some of these regions have already been included into the Pfam database. Most 

(but not all) are restricted to the phylum Chordata. In some cases (e.g. the Rabenosyn 5 - EH-domain 

interaction region and the Intersectin-Clathrin adaptor complex AP2 interaction region), a link 

between the existence of an extended region of amino acid conservation and function could be 

established with some degree of confidence (e.g. presence of multiple cooperating or competing linear 

motifs). For most of these regions, however, we could only identify overlap to a single known short 

linear motif. Additional experimental evidence will hence be needed in order to ascertain the 

functional relevance of the regions of amino acid conservation that extend beyond such isolated linear 

motifs. 
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Redox-regulation and chaperone function of the Hsp33 homologue in T. Brucei 
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Hsp33 is an ATP-independent chaperone with a zinc-binding domain that operates as a redox-

switch of the Hsp33 chaperone function. Hsp33 binds misfolded client proteins upon oxidative-stress, 

and transfers them to the ATP-depending chaperone machinery, DnaK/J, for further refolding upon 

stress relief. Hsp33 was originally characterized in bacteria (E.coli and B.sabtilis). Here, we describe a 

novel eukaryote homologue of HSP33 in Trypanosoma brucei parasite causing “sleeping sickness” 

disease in humans, responsible for the death of thousands in Africa every year. 

Bioinformatic analysis of the Hsp33 family suggested that eukaryotic parasites, such as 

Leishmania, Trypansoma and others had presevered Hsp33 homologues in their genomes. 

Intriguingly, mammal lacks the Hsp33 homologue making pathogenic Hsp33 homologues be a 

potential drug-target with small chance for toxicity in the host. Here we focused on a functional 

characterization of the Hsp33 homologue, named TrypOx in Trypanosoma brucei. During pathogenic 

life cycle Trypanosoma parasites need to cope with elevated temperatures and oxidative stress. 

Therefore, we tested role of TrypOx in survival of trypanosome during mild oxidative and heat shock 

stresses. RNAi silencing of TrypOx led to significant decrease in survival of T.brucei in mild stress 

conditions implying protective role of TrypOx during Trypanosoma life cycle.  

To investigate redox activation of TrypOx, we replaced bacterial redox-sensitive domain that 

is responsible for the chaperone activation by its homologue from T.brucei. Analysis of chaperone 

activity, substrate binding and release showed functional conservation between the bacterial and T. 

brucei domains, suggesting that these homologues have similar activation mechanisms in bacteria and 

protozoa.  

Moreover, we tested the role of oxidative stress and silencing of Trypox on the proteome of 

T.brucei. Proteomics-driven approach (Mass-spectrometry ) were opted and a number of a new Heat-

shock proteins and chaperons were identified. 
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De novo creation of protein coding genes involves the formation of short ORFs from 

noncoding regions; some of these ORFs might then become fixed in the population [1]. These orphan 

proteins need to, at the bare minimum, not cause serious harm to the organism, 

meaning that they should for instance not aggregate. Therefore, although the creation of short ORFs 

could be truly random, the fixation should be subjected to some selective 

pressure. The selective forces acting on orphan proteins have been elusive, and contradictory results 

have been reported. In Drosophila young proteins are more disordered than ancient ones [2], while the 

opposite trend is present in yeast [3]. To the best of our knowledge no valid explanation for this 

difference has been proposed. 

To solve this riddle we studied structural properties and age of proteins in 187 eukaryotic 

organisms. We find that, with the exception of length, there are only small differences in the properties 

between proteins of different ages. However, when we take the GC content into account we noted that 

it could explain the opposite trends observed for orphans in yeast (low GC) and Drosophila (high GC). 

GC content is correlated with codons coding for disorder promoting amino acids.  This leads us to 

propose that intrinsic disorder is not a strong determining factor for fixation of orphan proteins.  

Instead these proteins largely resemble random proteins given a particular GC level. During evolution 

the properties of a protein change faster than the GC level causing the relationship between disorder 

and GC to gradually weaken.  
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The conformation of proline rich segment of neuronal protein tau studied by the X-ray 

crystallography, molecular dynamics simulations and biophysical methods 
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Introduction: Protein tau, which is implicated in Alzheimer’s disease and other tauopathies, is an 

intrinsically disordered protein (IDP). In contrast to folded globular proteins, IDPs use for their 

interactions short segments called linear motifs, instead of tertiary structures. Despite their short length 

and lack of stable structure, linear motifs may have considerable structural propensities, which often 

resemble bound-state conformations [1]. 

Method: The monoclonal antibody Tau5 was crystallized with tau peptide from its proline rich region 

[2]. The dynamics of the X-ray observed conformation was probed by 1 μs unrestrained MD 

simulations of tau peptide Ace-218PPTREPKKV226-NH2 and its T220A mutant. The simulation results 

were compared with the biophysical measurements. 

Results: In the structure of Tau5 Fab fragment with tau peptide we were able to observe 16 amino acid 

long tau peptide. Its conformation is stabilized by an intrachain hydrogen bond that creates a ST-turn 

motif. The mutated peptide, which is not able to form this hydrogen bond, has shown decreased 

affinity to Tau5 in biophysical measurements (SPR, ELISA, ITC).  

During the simulation time, the wild type tau peptide have occupied the bound-like conformation four 

times more than the T220A mutated peptide. 

Conclusion: The intrachain hydrogen bond is stabilizing a shot structural motif in the proline rich 

region of protein tau and its loss leads to 2-fold affinity reduction in affinity to the Tau5 antibody. This 

supports a suggestion, that local and global conformation of IDP tau chain can be efficiently regulated 

by local structural propensities.  
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Unraveling TANC2-CDKL5-PP1 interactions: intrinsically disordered regions 

mediating novel pathways in neurodevelopment 
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Neurodevelopmental disorders (NDDs) are a group of genetically heterogeneous conditions, 

which include Autism Spectrum Disorders (ASD) and Intellectual Disability (ID)1. These clinical 

manifestations are often caused by mutations in scaffold proteins of excitatory post synaptic densities, 

affecting neuronal plasticity and synaptic strength [1, 2]. In this study, we focused our attention on the 

TANC2 protein, a recently emerging candidate for NDDs [3]. TANC2 is a large scaffold protein 

expressed in the hippocampus within post-synaptic densities, and mutations are associated with 

several forms of NDDs, including ASD and ID [4-6]. Although it appears to play a critical role in 

glutamatergic neurotransmission, very little is known about TANC2 protein function in brain cells. 

From sequence analysis, TANC2 is predicted to contain several protein-protein interaction domains 

and long intrinsically disordered N- and C-terminal tails. The latter contain several conserved linear 

motifs for protein binding, suggesting a relevant role in integrating multiple incoming signals. Our 

work aims to validate experimentally the predicted protein interactions and their involvement in 

molecular pathways impaired in NDDs. Two highly conserved PP1 docking motifs in the N-terminus 

suggest that TANC2 could bind the phosphatase and direct its substrate specificity to CDKL5 [7]. 

Combinations of binary interaction between TANC2, PP1 and CDKL5 were validated by yeast two-

hybrid assays and confirmed by co-localization in neuroblastoma cells and primary hippocampal 

neurons. TANC2 was found to directly bind PP1 through its N-terminus, which seems necessary for 

protein complex formation. Conversely, the CDKL5 C-terminus binds TANC2 at the C-terminal tail. 

Interestingly, the TANC2 disordered C-terminus displays a regularly spaced tyrosine pattern of 

unknown function, which may be involved in its interaction with partners (e.g. CDKL5). These 

findings suggest that TANC2 could function as a scaffold linking the phosphatase PP1 to its substrate 

CDKL5, allowing de-phosphorylation and subsequent degradation. 
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ribosomal mRNAse 
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Bacterial toxins from toxin-antitoxin modules are structurally diverse group of proteins. They 

inactivate important cellular targets (ribosome, gyrase, tRNA...) leading to an induction of dormant 

cellular state tolerant to antibiotic treatment [1]. One example is HigB2 mRNAse which degrades 

translating mRNA and thereby halts protein synthesis. Activity of toxin is regulated by formation of a 

tight complex with an intrinsically disordered antitoxin protein. New crystals structures point to a 

mechanism where binding of antitoxin induces a one-residue shift in the b-strand register [2]. This 

leads to an inversion of toxin’s palindromic amino acid sequence: residues above the b-strand plan, 

which are part of the active site, are in now shifted below the plane rendering the toxin inactive. This 

highly unusually dynamics of the b-strand is induced by binding of an intrinsically disordered 

antitoxin by jet unknown mechanism. Observed b-strand sliding mechanism points to an important 

question: how dynamic are b-strands in proteins?       
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Molecular flexibility of myelin proteins enables tight packing of lipid multilayers 
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The correct functioning of the vertebrate nervous system requires the rapid conduction of 

nerve impulses over large distances. This saltatory conduction is enabled by the myelin sheath, a 

tighly packed, multilayered membrane wrapped around selected axons. Myelin is formed of dozens of 

lipid bilayers, containing specific integral and peripheral membrane proteins that function in stacking 

of membrane multilayers. Although many myelin proteins were initially isolated >50 years ago, little 

is still known about their 3D structure or the molecular mechanisms of their function in myelin 

formation. Most myelin-specific proteins are involved in neurological disease, and the disease 

mechanisms involve a breakdown of protein-lipid interactions at the membrane surface, leading to 

myelin degradation and chronic disability. 

Myelin basic protein (MBP) is one of the most central proteins that mediate lipid bilayer 

stacking in compact myelin. This positively charged intrinsically disordered protein manifests as many 

isoforms and post-translationally modified variants, and it is an essential component in the formation 

of myelin. MBP is a peripheral membrane protein that changes its properties upon membrane binding.  

We characterized the membrane binding mechanisms of MBP using model lipid membranes. Using an 

array of complementary methods, we investigated the folding of MBP upon membrane binding, which 

is mainly mediated by electrostatic interactions. Subsequent charge neutralization allows MBP to 

insert into the membrane, whereby the hydrocarbon tails also still affect the folding of MBP, but have 

little effect on affinity. Calorimetric data show that MBP can alter the transition temperature of the 

lipid tails, but only after membrane insertion. We verified the membrane insertion mode using neutron 

reflectometry, and we determined the membrane stacking mode of MBP using atomic force 

microscopy, electron microscopy, and small-angle X-ray diffraction. MBP presents itself as an 

amorphous dense layer spread along the membrane surface during the process of myelin formation, 

and above a critical concentration, this disordered protein triggers spontaneous lipid bilayer stacking. 

Our work allows the construction of a detailed model for the structural foundation of MBP-mediated 

myelination. The results will help in understanding myelin development as well as disease etiology in 

demyelinating diseases, such as multiple sclerosis. 
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Partner-mediated polymorphism of an intrinsically disordered protein 
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Many intrinsically disordered proteins (IDPs) undergo folding upon binding to their partner(s), 

with the disorder-to-order transition often concerning only short molecular recognition elements 

(MoREs). Some IDPs display a high extent of plasticity with respect to the partner, a behavior that 

challenges the role of preconfigured MoREs in the recognition process. The C-terminal, intrinsically 

disordered NTAIL domain of the measles virus nucleoprotein [1] undergoes folding upon binding to the 

X domain (XD) of the viral phosphoprotein, with α-helical folding taking place within a MoRE that 

encompasses residues 486-502 and that is partly pre-configured as an  α-helix in the free form [2-5]. 

Beyond XD, NTAIL also binds the major inducible heat shock protein 70 (hsp70). Although the major 

hsp70-binding site has been already mapped to the MoRE [6], no structural information is available 

for the NTAIL/hsp70 complex. Here, using mutational studies combined with a protein 

complementation assay based on green fluorescent protein (GFP) reconstitution [7], we have 

investigated the NTAIL-hsp70 interaction. Results indicate that although NTAIL uses the same binding 

region to bind the two partners, the binding mechanisms are not the same. Hsp70 is much more 

tolerant of NTAIL substitutions than XD, with this higher tolerance likely coming at the cost of a lower 

affinity compared to the NTAIL/XD pair. The NTAIL/hsp70 interaction is more evolvable, i.e. the 

majority of substitutions lead to increased interaction strength. Furthermore, while an increased and a 

decreased α-helicity of the MoRE lead to enhanced and reduced interaction strength with XD, 

respectively, the extent of helicity of the free form of the MoRE has a negligible impact on hsp70 

binding, suggesting that the MoRE does not adopt an α-helical conformation once bound to hsp70. 

Here, by showing that the conformation sampled by the free form of the MoRE of NTAIL does not 

necessarily commit NTAIL to adopt an α-helical conformation in the bound form, we provide an 

additional example of partner-mediated polymorphism and of the relative insensitiveness of the bound 

structure to the pre-recognition state. The present results therefore contribute to shed light on the 

molecular mechanisms by which IDPs recognize their partners. 
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2c (MAP2c) with its binding partners via computational methods and nuclear magnetic 

resonance 
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Intrinsically disordered proteins (IDPs) are macromolecules without stable spatial order whose 

conformation can flexibly and quickly change. Given the disordered nature of IDPs, NMR is the key 

experimental method for studying IDPs since it provides direct information on local structure and 

internal motions in the molecule. IDPs play very important role in wealth of cell processes including 

nervous system development and function, and many of them are involved in the onset of 

neurodegenerative diseases.  

The main focus of the presented study is microtubule-associated protein 2c (MAP2c), an IDP 

regulating structure and dynamics (polymerization and degradation) of microtubules (MTs) and actin 

crosslinking essential for correct function of neurons and other cells. MAP2c is a 49 kDa protein 

consisting of several structural and functional regions. The N-terminal part contains two important 

regions: The N-terminal region with a high content of negatively charged amino acids and the proline-

rich region. The former segment contains a proposed binding site for steroids, while the latter one 

interacts with SH3 domain of plectin [1] which act as a cytolinker and regulates actin dynamics. The 

second important part of MAP2c is a highly-conserved C-terminal domain that binds to MTs. 

We described experimentally structural features, dynamics, phosphorylation, and interactions 

of MAP2c with the atomic resolution. Using multidimensional non-uniformly sampled NMR 

experiments, we were able to study the full-length protein with sufficient resolutions [2]. In addition, 

we applied the “divide-and-conquer” approach, partitioning the MAP2c protein into smaller fragments 

differing the presence or absence of individual functional domains. In order to compare the 

experimental data with molecular dynamics simulations, optimized for disordered proteins. 
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cross linking coupled with mass spectrometry 
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In this project, our lab established an efficient state-of-the-art technology coupling in vivo 

crosslinking with mass spectrometry to reveal direct protein interaction and map specific cellular 

pathways. This method is based on the incorporation of UV-inducible non-native amino acid BPA into 

a target protein. 

In order to characterize stress-specificity of proteostasis network in bacteria, we applied this new 

methodology on the thermolabile Photinus pyralis Luciferase (PP), which undergoes unfolding during 

stress conditions, and serve as a „chaperone prey" protein. We designed few variants of PP-Luciferase 

protein, each contains BPA at different location along the protein sequence leading to variable 

thermostability. Then we mapped interactome of these variants in-vivo during cold and heat conditions 

in E.coli.  

This analysis reveled the stress-related interactome of the thermolabile protein, revealing 

known and novel members of the proteostasis in E.coli. We believe, that this study will allow us to 

characterize substrate and stress specificity of components of the proteostasis network. We aim to 

identify key bacterial proteins that assist bacteria in adaptation and stress response, which is a crucial 

factor in mammalian associated bacteria.  

Therefore, outcomes of this project might lay the foundations to a new generation of safe and 

efficient probiotic and antibiotics. 
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kingdoms 
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Protein motions are a key feature to understand biological function. Following how 

disorder/order transitions are distributed among conformers we found that intrinsically disordered 

proteins (IDPs) could be split in partially disordered proteins (PDPs), that have on average 67% of 

their conformers with disordered regions and an average RMSD=1.1 Å, while the so-called malleable 

proteins (MP) have on average only 25% of disordered conformers and RMSD=1.3 Å [1]. Moreover, 

disordered regions tend to be mostly disordered in all the conformers in PDPs and mostly ordered in 

MPs. As it is well established that different kingdoms of life and viruses show different content of 

disordered [2], in this work we studied how the percentage of disordered residues associated with 

PDPs and MPs reveals taxonomic adaptations. To this end, we collected 2100 proteins with different 

degrees of conformational diversity which show at least one disordered region in at least one of their 

known conformers extracted from CoDNaS database [3]. We found that the conformational diversity 

distribution is almost identical among the organisms as well as the proportion of PDPs and MPs (about 

70% and 30% respectively). However, proteins from different organisms show a differential behavior 

in terms of disorder transitions among their conformers. Eukaryota proteins show the maximum 

percentage of disordered residues followed by Archaea and Bacteria and lastly Viruses. These results 

in part contradict the established taxonomic distribution of disorder among organisms, because 

Eukaryota and Viruses are the organisms showing higher proportions of disorder. Furthermore, 

Viruses and Bacteria show similar percentages of disordered residues associated with PDPs (mostly 

disordered among conformers) followed by Archaea proteins. Also, in terms of MPs associated 

disorder (mostly ordered among conformers), we found that Viruses are the organisms with the minor 

fraction followed by Archaea and Bacteria. Again, Eukaryota show the higher proportion of disordered 

residues associated to MPs. These differential proportions in the content of disordered regions 

classified accordingly with the conformational distributions per protein could contribute in our 

understanding of functional adaptations or differential roles of disorder in the different organisms. 
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A key concept in Template-Based Modeling (TBM) is the high correlation between sequence 

and structural divergence. The main practical consequence of this correlation is that homologous 

proteins that are similar at the sequence level will also be similar at the structural level allowing the 

selection of a proper template for a target sequence. Pioneering work by Chothia and Lesk [1] found a 

non-linear and well correlated relationship between sequence and structural divergence. However, 

a given protein sequence could exists in different structures (conformers) where their structural 

differences describe their conformational diversity (CD). In this work, we explored the impact that CD 

has on the relationship between structural and sequence divergence. 

CoDNaS database [2] was used to recruit proteins exhibiting conformational diversity. 

Maximum conformational diversity for each protein is the maximum C-alpha RMSD derived from all 

conformers pairwise comparisons. Using this set, we ran BLASTClust to obtain all available clusters 

at 30% of local sequence identity. The final dataset contains 2024 different protein chains with a total 

of 37755 conformers. These proteins are grouped in 524 families. 

To estimate the structural divergence for each homologous protein pairs in a cluster, we 

calculated the C-alpha RMSD for all possible pairs of conformers belonging to the proteins being 

compared. Additionally, we calculated the percent of sequence identity for each homologous protein 

pairs using a global sequence alignment. The total comparisons among all vs all conformers for each 

homologous protein pairs and structures of the same protein give an amount of ~4 millions of pair. 

We found that the use of a highly redundant sequence dataset (that is, considering the CD) 

blurs the well-established relationship between sequence and structure divergence more than shown in 

previous studies. It is also evident that the extent of conformational diversity can be as high as the 

maximum structural divergence among families reached by accumulation of nonsynonymous 

substitutions. Also, the presence of CD impairs the well-established correlation between sequence and 

structural divergence, which is more complex than previously suggested due to the existence of 

different structures (CD) for the same sequence. However, we found that this noise can be resolved 

using a priori information from the structure-function relationship. We showed that protein families 

with low CD, which we called “rigid” [3], show a well-correlated relationship between sequence and 

structural divergence (Spearman’s rank correlation rho of -0.83), which is severely reduced in proteins 

with larger CD (Spearman’s rho = -0.51).  
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This lack of correlation could impair template-based modeling (TBM) results in highly 

dynamical proteins due to the uncertainty to select a proper target structure. Finally, as proteins with 

disordered regions show higher extensions of CD, we also found that the presence of order/disorder 

can provide useful beforehand information for better template selection and TBM performance. 
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Since dark regions in proteomes have been spotted a few years ago (1), effective approaches to 

improve sequence annotation are still missing. Dark residues are defined as regions inaccessible to 

homology modeling and residues annotated by Pfam cover only ca. 50% of eukaryotic proteomes. The 

remainder mostly corresponds to intrinsically disordered regions [1]. While unknown folds and 

transmembrane regions require ab initio methods or experimental determination, ID regions can be 

predicted based on amino acid composition. Here, we provide an extensive analysis of ID in the 

protein universe based on the UniProt database from sequence-based predictions in MobiDB [2]. The 

charged residue composition was used to classify ID proteins by structural propensities. We present a 

statistical analysis of ID in the protein universe considering features associated with different ID 

flavors, content, region length and position, number of ID regions, taxonomic distribution and GO 

enrichment [3]. The normalized distribution of long ID regions among proteins in different domains of 

life shows an increase from bacteria, archaea, viruses, towards eukaryotes. Bacteria, despite being the 

most represented class in UniProt, display the lowest ID content. Archaea show slightly more, but ID 

content is quite variable among phyla and species as ID correlates with peculiarities of archaea species 

prospering at extreme conditions. As previously noted, eukaryotes are the most disordered domain of 

life. This is often speculated to be due to the increased need for control and regulation. Viruses use ID 

for multiple reasons, for example, to exploit ID advantages in one-to-many and many-to-one 

interactions. Adapting quickly to hostile environmental changes and effective use of a compact 

genome have been also postulated to favor ID in viruses. The four main classes defined by Pappu [4], 

with Swollen Coils split into highly negative and highly positive instances, were functionally 

characterized by means of a GO term enrichment to highlight molecular functions specific to one class 

among ID functions. While this classification itself is a step towards the identification of different ID 

flavors, we tried to characterize them further by calculating six additional sequence features typically 

associated with ID. Interestingly, a similar pattern is observed between Coils & Hairpins and Swollen 

Coils and between Globules & Tadpoles and Undefined classes. This suggests that undefined regions 

are more similar to Globules than Coils but have a bias towards low complexity compared to 

Globules. Notably many class members escape this sequence feature classification, with the exception 

of Swollen Coils, indicating that ID sequence diversity is a continuum that cannot be represented by 

extreme cases only. The MobiDB-lite pipeline used to annotate ID has been recently included in the 

InterPro database, significantly reducing the number of dark residues without annotation [5].  
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Linear motifs are key elements of regulatory protein interaction networks. Viruses take 

advantage of this by evolving linear motifs that hijack and disrupt the host network. Therefore, 

identifying relevant linear motifs and their binding strength is central to understanding host regulation 

and viral pathogenesis. However, the degenerate nature of linear motifs makes their identification 

challenging. The pRb retinoblastoma tumor suppressor protein is a central cell-cycle regulator 

inactivated in human cancer and targeted by carcinogenic viruses including human papillomavirus and 

Merkel cell polyomavirus. Many pRb interactions are mediated by the LxCxE motif, present in host 

and viral proteins.  

In this study, we undertook a comprehensive analysis of the pRb-binding LxCxE motif in 

order to improve our ability to identify binders and our understanding of the pRb interaction network. 

We found that the LxCxE motif was associated with a diversity of protein functions and architectures 

(Fig. 1). Analysis of sequence alignments representing 1,150 motifs from 13 host proteins and 577 

motifs from 6 viral families allowed us to expand the [LI].C.[DE] definition with novel features that 

account for all relevant contact sites. The positioning of these features differed between viral and 

cellular motifs, and appeared more constrained in viruses. Host L/C/E core residues were strongly 

conserved compared to the disordered regions within which they were embedded (p=7.3*10-7, 

Wilcoxon-ranked test) and were under similar constraint than structural residues (p=0.72).  

We have identified novel features that expand the definition of the LxCxE motif and will 

improve its proteome-wide identification. Host LxCxE motifs are highly conserved within vertebrates, 

suggesting that they play a key role in the pRb network. The central role of the LxCxE motif in viral 

pathogenesis is underscored by its striking conservation across plant and animal viruses. 
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Figure 1. Structural and sequence features of the LxCxE motif. A) Top: Schematic representation of LxCxE-

containing proteins. Domains are depicted as colored boxes and LxCxE motifs as cyan circles. Disorder 

predictions used MULTICOM. Bottom: Sequence logos for the Cyclin D and HPV E7 motifs showing the 

positioning of features (colored boxes) with respect to the L/C/E core (black asterisks). B) Structure of the 

pRb binding site showing the LxCxE peptide in stick representation. 
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Flaviviruses are a major threat for public health due to their high epidemic potential and the 

presence of multiple recent outbreaks in Latin America. Despite their clinical relevance, specific 

antiviral treatments are still lacking. Short Linear Motifs (SLiMs) mediating protein-protein 

interactions are appealing candidates as novel therapeutic targets, since these interactions rely on 

defined sequences and sufaces that could be targeted by specific inhibitory drugs. Viruses commonly 

manipulate the cell machinery by mimicking host SLiMs. However, while SLiMs are mostly present 

in intrinsically disordered regions (IDRs) of proteins, SLiMs and disordered regions in Flavivirus 

proteins are still poorly studied. 

Our goal was to define IDRs and identify putative SLiMs comprehensively across Flaviviridae 

groups including Dengue, Yellow Fever and Zika. We intend to infer the conservation of IDRs within 

and outside groups, identify SLiMs in these regions and assess their potential for binding cellular 

proteins by inspecting their sequence and structure properties. 

A comprehensive set of 128 sequences from Flaviviridae displayed intrinsic disorder ranging 

from 5-15% in different groups. Analysis of 13 proteins from 72 Flavivirus species and 361 

corresponding structures revealed many conserved IDRs in several viral proteins including Capsid, 

NS3, NS2B and NS5, with small (5-30 residues) intrinsically disordered domains and structured, yet 

flexible regions within globular domains. While some IDRs were conserved across all groups, certain 

viral strains displayed unique disorder characteristics. A preliminary identification of SLiMs showed 

strongly conserved candidates, including those within the N-terminus of NS3, a region required for 

Dengue viral assembly and budding. 

Our analysis of Flavivirus proteomes reveals the presence of IDRs and several putative SLiMs 

that could be key for understanding poorly described aspects of these pathogens. 
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Figure 1. – Example analysis of Capsid protein. A) Top panel: Intrinsic disorder per position across all 

Flavivirus and for Dengue only. Bottom panel: Secondary structure regions observed in representative 

structures of Dengue and Kunjin virus. B) Mapping of IUPred disorder scores in a representative Dengue 

Capsid protein structure.  
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Short Linear Motifs (SLiMs) are small peptides mediating protein-protein interactions that 

follow a recurrent pattern of fixed and variable positions. They have generally been studied on their 

sequence properties and assuming they occur in intrinsically disordered regions. Recent experimental 

and computational evidence indicate that many SLiMs display characteristic structural features which 

may impact on the formation and regulation of domain-motif interactions.  

We have built a dataset of available SLiM structures in order to distinguish their 

conformational preferences and infer their functional implications. We extended the number of 

structural descriptions in the Eukaryotic Linear Motif database (ELM; elm.eu.org) [1] by searching the 

Protein Data Bank (PDB; www.rcsb.org) [2] for all exact occurrences of known motif definitions and 

re-mapping them to the corresponding Uniprot sequences. Amino acid composition patterns, 

secondary structure features and accessible surface area were calculated for all motif positions and 

their flanking regions. Disordered residues in SLiM instances were identified as missing coordinates in 

the PDB files. The extended dataset greatly increases the number of SLiM instances with known 

structural information and provides a higher coverage in the represented ELM classes and Uniprot 

sequences. We observed differences in the structural properties of fixed, degenerate and more variable 

positions of the SLiM and also in comparison with their flanking regions. We found a 5-fold increase 

in PDB diversity and in the number of SLiM entries with 2 or more PDBs, allowing us to inspect the 

conformational diversity of these motifs that highlight alternative structures in the native state.  

Overall, our analysis is allowing us to understand structural characteristics of SLiMs that 

differentiate them from similar peptide sequences not involved in protein interactions. 
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References 

1. Dinkel H, Van Roey K, Michael S, Kumar M, Uyar B, Altenberg B, Milchevskaya V, Schneider M, Kühn 

H, Behrendt A, Dahl SL, Damerell V, Diebel S, Kalman S, Klein S, Knudsen AC, Mäder C, Merrill S, 

Staudt A, Thiel V, Welti L, Davey NE, Diella F, Gibson TJ. ELM 2016--data update and new 

functionality of the eukaryotic linear motif resource. Nucleic Acids Res. 2016 Jan 4;44(D1):D294-300. 

2. Berman HM1, Westbrook J, Feng Z, Gilliland G, Bhat TN, Weissig H, Shindyalov IN, Bourne PE. The 

Protein Data Bank. Nucleic Acids Res. 2000 Jan 1;28(1):235-42.  

Intrinsic disorder P18 



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

6
8

 
 

Assessing structural constraints in intrinsically disordered proteins using evolutionary 

methods 
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Intrinsically disordered regions (IDRs) or proteins (IDPs) are characterized by their high 

flexibility and mobility but clearly related with well-established disorder-based biological  

functions [1]. These proteins lack a well defined three-dimensional structure under physiological 

conditions. Intrinsic disorder extension is further complicated by the presence of conditionally 

disordered regions and/or partially disordered regions. These regions alternate their state between 

disordered and structured or ordered dependending on the conditions and environment (i. e. binding of 

ligands, pH, oligomerization state) [2]. Moreover, these order/disorder transitions are difficult to 

estimate because they depend on the conformers being studied [3]. In this work we estimated the 

fraction of structural information content of IDPs using evolutionary methods. For this purpose we 

used a model of protein evolution that takes into account the structure/s of a protein to estimate 

substitution matrices, SCPE, from structurally constrained model of protein evolution [4]. SCPE 

derives substitution matrices that describe the pattern of amino acid substitution in a given position of 

a protein. Using maximum likelihood (ML) estimations, it is possible to compare the performance of 

SCPE matrices with unconstrained models of protein evolution (i.e. JTT). Using structural ensembles 

of IDPs derived from PED database [5] we found that IDPs proteins have in average between 30 to 

40% of structurally constrained positions. Importantly ML estimations are not correlated with the 

number of contacts derived from the ensembles, evidencing that the evolutionary analysis (using 

homologous proteins and phylogenetic topology) is more sensitive than the simple inspections of 

structural ensembles. We also found that the inclusion of structural information in the substitution 

matrices provides a more reliable description of the substitution pattern in IDPs proteins. 
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The recent genomic and bioimaging insights in the higher order chromatin organisation in 

human nucleus motivated us to propose novel simulation method aimed at the effective prediction of 

three-dimensional human genome structure. We applied an advanced long-read Chromatin Interaction 

Analysis by Paired-End Tag Sequencing (ChIA-PET) experimental strategy [1] combined with 

computational modelling [2] to comprehensively map higher-order chromosome folding and specific 

chromatin interactions mediated by CCCTC-binding factor (CTCF), cohesin and RNAPII with 

haplotype specificity and nucleotide resolution in different human cell lineages [3]. We demonstrate 

the effectiveness of biophysical modeling in building 3D genome models at multiple levels, including 

the entire genome, individual chromosomes, and specific segments at megabase (Mb) and kilobase 

(kb) resolutions of single average and ensemble structures.  

We find that CTCF/cohesin-mediated interaction anchors serve as structural foci for spatial 

organization of constitutive genes concordant with CTCF-motif orientation, whereas RNAPII interacts 

within these structures by selectively drawing cell-type- specific genes towards CTCF-foci for 

coordinated transcription. Furthermore, we show that haplotype-variants and allelic-interactions have 

differential effects on chromosome configuration influencing gene expression and may provide 

mechanistic insights into functions associated with disease susceptibility [1]. 3D-genome simulation 

suggests a model of chromatin folding around chromosomal axes, where CTCF is involved in defining 

the interface between condensed and open compartments for structural regulation [2]. Our 3D-genome 

strategy thus provides unique insights in the topological and thermodynamical mechanisms [4] of 

human variations and diseases. 
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Insights into (Un)structure-Function Relationships from the Conditionally Disordered 

Chaperone Hsp33 
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Cells regularly encounter environmental challenges that have potentially fatal consequences. 

Accordingly, evolution has favoured the development of systems that defend cells and their proteomes 

from stress. A major constituent of these defence systems is a network of interrelated proteins known 

as molecular chaperones. These proteins work together to prevent protein misfolding and aggregation 

and maintain the rest of the proteome in a healthy state. One protein that belongs to this network is 

Hsp33, a highly conserved ATPindependent chaperone that protects organisms ranging from bacteria 

to unicellular eukaryotes from the toxic effects of oxidative stress. When oxidation occurs, Hsp33 is 

positioned at the colloquial ‘front lines’ and undergoes redox-dependent unfolding. Intriguingly, 

however, this unfolding does not damage the chaperone’s activity. On the contrary, Hsp33 gains its 

function when it loses its fold. It is only under oxidative stress that Hsp33 can bind its clients and 

protect them from aggregation – normal reducing conditions render it inactive. The unfolding 

activation mechanism of Hsp33 is triggered by its redoxsensing C-terminal domain, which unfolds in 

response to stress and destabilizes the adjacent metastable linker region [1]. However, the exact roles 

of the metastable linker and its orderto- disorder transition in activation, client binding, and client 

release are still unclear. We reveal that the metastable linker region of Hsp33 is a regulatory 

inactivator, preserving its monomeric architecture in the reduced state and mediating crosstalk with the 

synergistic ATP-dependent chaperone system DnaK/J-GrpE [2]. We utilise state of the art structural 

mass-spectrometry techniques to study the interactions between Hsp33 and its client proteins, and 

reveal an amazing trait which enables Hsp33 to work as a chaperone even without one of its most 

important client binding regions. We create chimeric proteins of Hsp33 with the human protein 

acetylcholinesterase, which exhibits chaperone-like activities in neurons, and find an intriguing 

difference between Hsp33’s interactions with different types of aggregate-forming clients. Finally, we 

describe a software tool that we developed for quicker and more accurate analysis of chaperone 

activity assay results [3]. 
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The delicate balance between promoters and inhibitors in the mitochondrial apoptotic pathway 

is crucial in order to determine whether the cell will survive or not, responding to different stimuli. 

The understanding of the fine-tuned pathways leading to or preventing cell death is fundamental in 

cancer research, because the failure of these systems could eventually lead to the onset of the disease. 

One of the best-known protein families involved in the initiation of programmed cell death is the Bcl-2 

family, whose members share with the parent Bcl-2 one or more sequence motifs (called B cl-2 H 

omology motifs and numbered 1-4) involved in protein-protein interactions. One of them, the BH3 

motif, has increasingly come to the research forefront both because BH3 mimetics have shown to have 

therapeutic value [1] and because of the presence of this motif in Bcl-2-unrelated proteins [1], which 

could subsequently play a role in the apoptotic pathway by interacting with Bcl-2 family members. In 

this context, our group is currently characterizing the binding mode to Bcl-2 and Bcl-XL of a new 

class of BH3-like proteins including p14-ARF [2] and AMBRA1 [3], which are intrinsically 

disordered and have remote similarity to the canonical BH3 motif. In particular, we are using different 

computational approaches to identify structural propensity in the bound and unbound state of these 

two proteins and the key residues for the binding to the Bcl-2 family members, as well as to study the 

impact of germline or somatic cancer mutations. 
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Microtubule associated protein 2c (MAP2c) is an intrinsically disordered protein (IDP) 

regulating stability and dynamics of microtubules in the cytoskeleton of neurons and other cells. 

MAP2c is a 49 kDa homolog of tau protein which differs in localization, expression, and binding 

properties [1, 2]. Important structural and functional regions were revealed in MAP2c.  

Typical experimental methods for studies of IDPs are nuclear magnetic resonance (NMR) and 

small angle X-ray scattering (SAXS). We used 5D NMR experiments to obtain chemical shifts. We 

also performed paramagnetic relaxation enhancement (PRE) experiments to get the information about 

intramolecular distances and small angle x-ray scattering experiments to monitor the overall size and 

shape of the MAP2c in solution. The pools of possible chain conformations were generated by the 

program Flexible-Meccano, which builds consecutively a polypeptide chain assuming that peptide 

planes are rigid entities connected through Cα atoms. The ensemble of structures was selected by the 

program ASTEROIDS which uses a genetic algorithm to produce and ensemble of IDPs consistent 

with experimental data, measured with a simple quadratic fitness function measuring the deviation of 

the back-calculated parameters from the measured ones. From the selected ensemble, we prepared 

three different starting structures (containing the N-terminal domain and microtubule binding domain, 

microtubule binding domain or N-terminal domain) to generate structural ensembles using molecular 

dynamics simulations under different force field parameters. The reliability of the obtained ensembles 

will be checked by the comparison of the corresponding calculated properties with their experimental 

values. 

 

Acknowledgement: This study was supported by the Ministry of Education, Youth, and Sports 
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(No.CZ.02.1.01/0.0/0.0/16_013/0001776) 
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A unique component of RNA polymerase in Gram-positive bacteria, the delta subunit, 

contains an intrinsically disordered C-terminal domain. This domain consists mostly of aspertic acid 

and glutamic acid residues, with an important exception of a short fragment rich in lysines. 

Electrostatics plays an important role in physico-chemical properties and consequently of 

physiological function of the intrinsically disordered domain. In order to probe the role of electrostatic 

interactions directly, we compared biophysical properties and biological functions of the wild-type 

delta subunit with its mutant having lysines replaced by glutamic acid residues. The physical behavior 

of the proteins was monitore by small-angle X-ray scattering and nuclear magnetic resonance (analysis 

of chemical shifts, residueal dipolar couplings, paramagnetic relaxation enhancement). The observed 

parameters described redistribution of transient intradomain and interdomain electrostatic interactions 

as a result of the mutation. In vitro experiments revealed a direct impact of the mutation on 

transcription at promoters controlled by initiating nucleotide triphosphates. In vivo, the mutation 

substantially decreased viability of the mutated Bacillus subtilis strain in competition with the wild 

type. 

Acknowledgement: This work was supported by Czech Science Foundation, grant number GA 13-

16842S and by the Ministry of Education, Youth and Sports of the Czech Republic (MEYS CR) under 

the National Sustainability Programme II, project CEITEC 2020 (LQ1601). 
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Repeat Proteins 
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Tandem repeat proteins are characterized by multiple sequential copies of repeats with 

significant structural or sequence similarity. Tandem repeats evolve via repeat expansion, duplication 

and loss, and many protein families exhibit very diverse repeat counts. Identifying the complex 

relationships between homologous proteins and between individual repeats is a challenging task. 

Using tools developed in our group, we present a detailed phylogenetic analysis of the repeats in the 

Armadillo Repeat Protein (ArmRP) family. 

The ArmRP family is very diverse, appearing throughout the eukaryotes and having a wide 

range of functions. They are well characterized structurally, with ~42 amino acid repeats forming three 

alpha-helices which assemble into a solenoid structure. ArmRP are exciting candidates for protein 

design, as they have been shown to bind peptides in a modular manner [1]. 

Phylogenetic analysis of tandem repeats has several unique challenges. Identifying 

homologous regions is complicated by the repetitive nature of the sequence, which can cause register 

shifts when applying standard alignment tools. We surmount this problem using the Tandem Repeat 

Annotation Library (TRAL), a tool for accurately identifying repeats using circular profile hidden 

Markov models [2]. After constructing a multiple alignment of the repeats of ArmRP representatives, 

we infer a phylogenetic tree relating the different ArmRP and use it to analyse the conservation and 

diversification patterns through evolution, based on the information about tandem repeat number, 

order and their distribution on phylogenies. 

 

Acknowledgement: This research was supported by COST Action BM1405 and COST Switzerland 

SEFRI project IZCNZ0-174836. 
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The relationship between the store-operated calcium entry and the optic nerve damage; 

an electron microscopic study 
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Introduction & Objectives: Acute retinal ischemia is a clinical condition that occurred in the 

various ocular pathologies such as central retinal artery occlusion, acute glaucoma, anterior ischemic 

optic neuropathy, diabetic retinopathy and other retinal vascular occlusions. It is common and causes 

vision loss [1, 2]. Most of the patients are over 60 years old and they typically complain of sudden, 

unilateral visual loss [3]. In this study, we aimed to investigate ultrastructurally the possible protective 

effect of 2-aminoethoxydiphenyl borate (2-APB), an store operated calsium entry (SOCE) inhibitor, in 

the optic nerve damage resulting from an experimentally generated acute retinal ischemia-reperfusion 

(ARIR) injury model. 

Materials & Methods: Thirty Wistar-Albino male rats were randomly divided into 3 groups as 

sham group (n=10), ARIR group (n=10) and ARIR10 group (n=10). In the ischemia-reperfusion 

groups, under the anesthesia, right eyes were cannulated with a 30-gauge needle and the saline 

solution was given into the anterior chamber. The bottle was hung at a height of 200 cm from the 

subject and the intraocular pressure was elevated to 120 mmHg. The retina was examined by using 

ophthalmoscope and the formation of ischemia was confirmed via the presence of the opacity in the 

retina. An hour later, reperfusion was realized by withdrawing the neddle. In the rats of sham group, 

the intraocular pressure was not raised; just needle was applied and removed. ARIR  group was not 

given 2-APB and also ARIR10 group was applied 4 mg/kg 2-APB as i.p 10 minutes before 

reperfusion. On the third day of the experiment, the rats were sacrificied under anesthesia. Optic 

nerves were removed and electron microscopy procedure was performed for ultrastructural 

examination. One μm thickness semithin sections were obtained from the tissues embeded into the 

araldite blocks by using ultramicrotome and they were examined under the light microscope by 

staining with toluidine blue. Subsequently, 70–80 nm thickness thin sections were taken on the grids 

and contrasted using uranyl acetate and lead citrate. And then, they were examined under the Jeol 100 

SX electron microscope. 

Results: When the electron microscopic sections of the Sham group were examined, it was 

seen that the optic nerve axons were arranged close to each other and had a compact myelin structure. 

In the ARIR group, optic nerve axons were swollen and infrequently aligned; and it was obseved that 

neural connective tissue was increased between axons.  
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In some areas, vacuoles were seen in different shapes and sizes. The axonal appearance were 

deteriorated and myelins were broken up into lamellas. When compared with sham group, it was 

observed that the number of normal myelinated axons count was increased in the ARIR10 group and 

there was a structure close to the sham group. 

Conclusions: According to our findings, it has been concluded that acute retinal ischemia-

reperfusion model applied to rats can cause the optic nerve damage and 2-Aminoethoxydiphenyl 

borate may have protective effect or even therapeutic effect against this damage. 

 

Acknowledgement: This study was support by the 2016/12-numbered Scientific Research Fund of 

Ataturk University. 
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The repeat structure of two paralogous invasin genes from Yersinia ruckeri sheds light 

on the evolution of adhesive capacities of a fish pathogen 

 

a AGNIESZKA WROBEL, a CLAUDIO OTTONI, a JACK C. LEO, a DIRK LINKE 

 

a Department of Biosciences, University of Oslo, Norway  

 

Inverse autotransporters comprise the recently identified type Ve secretion system and are 

exemplified by intimin from enterohaemorrhagic Escherichia coli and invasin from enteropathogenic 

Yersiniae. These proteins share a common domain architecture and promote bacterial adhesion to host 

cells. Here, we identified and characterized two putative inverse autotransporter genes in the fish 

pathogen Yersinia ruckeri ATCC29473, namely yrInv (for Y. ruckeri invasin) and yrIlm (for Y. ruckeri 

invasin-like molecule). When trying to clone the genes for structural and functional studies, we 

experienced problems in obtaining PCR products. Based on prior experience with poorly annotated 

bacterial genomes, and with sequencing errors of highly repetitive DNA sequences, we re-sequenced 

the genome of Y. ruckeri ATCC29473 using PacBio sequencing. According to our new sequencing 

data, YrIlm is composed of 2603 amino acids and has a molecular mass of 256.4 kDa. This is in 

contrast to the previously deposited data, where YrIlm is only half the size (1303 amino acids), 

missing 13 of the 20 almost identical immunoglobulin-like domains identified in the re-sequenced 

genome. Based on the new genome information, we performed PCR analysis on five non-sequenced Y. 

ruckeri strains and found that the yrInv gene is present in all strains tested except Y.ruckeri 1435-95, 

whereas the yrIlm gene is present in all strains tested except Y.ruckeri 1006-94. The internal repeats of 

the yrInv gene product are highly diverged, but represent the same bacterial Immunoglobulin-like 

domains as in yrIlm. Using qRT-PCR, we found that yrIlm and yrInv are differentially expressed 

under conditions relevant for pathogenesis. In addition, we compared the genomic context of both 

genes in the newly sequenced reference strain to all available Y. ruckeri genomes, and found 

indications of recent events of horizontal gene transfer. Taken together, this studies demonstrates and 

highlights the power of SMRT technology for sequencing highly repetitive proteins, shows the 

limitations of deposited genomics data produced from short-read technologies, and sheds light on the 

genetic events that gave rise to these highly repetitive genes in a commercially important fish 

pathogen.   

 

Acknowledgement: This work by supported by Research Council of Norway. 
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Analysis of the Relationships in the Repeat Regions of RAP Domain-Containing 

Proteins 
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a STANISŁAW DUNIN-HORKAWICZ, a MARIA GÓRNA 
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The RAP domain (Rna-binding abundant in APicomplexans) [1] is a small (~65 amino acids), 

protein domain that is widely dispersed throughout the eukarya with over 1100 unique RAP domain 

sequences currently recognized in the InterPro database [2]. Despite its name, the function of the RAP 

domain is still unproven, although the domain is associated with organelle-directed proteins, including 

the mitochondrial-associated FASTKD proteins in vertebrates [1] which may potentially be the 

mitochondrial nucleases, the chloroplastassociated RAP protein in vascular plants [3] and the 

numerous RAP proteins in apicomplexans such as the malaria organism, P. falciparum, as well as 

Babesia species which cause disease in livestock and native ruminants. The RAP domain is typically 

located at the C terminus of a protein with the organelle directing domain at the N terminus. The 

middle region of the protein is predicted to be largely alpha helical, containing a set of tandem 

tetratricopeptide-like repeats (TPR) usually with low internal sequence similarity between the tandem 

repeats [4]. We have attempted to organize and categorize the RAP domain containing proteins by 

comparing the sequences of the fairly small RAP domains as well as analyzing the conservation 

patterns within the helical repeats. The overall phylogeny appears highly similar using either method 

and the tandem repeat helical domains do not appear to be evolving faster than or independently of the 

RAP domains. Our analysis of the TPR-like repeats within these proteins revealed sets of conserved 

patterns that correlate with apparently rational sub-groupings (by function or evolutionary heritage or 

both) among the proteins. By analyzing the patterns of these relationships between the repeats within 

a given protein, sets of conserved sequence structures could be readily observed. These sequence 

structures are also readily detectable in other types of repeat proteins and there is some correlation 

with expected functional and structural aspects of these proteins. The implications and functional 

application of the detection of these patterns within the RAP domain family of proteins as well as 

repeat proteins in general are examined. 

 

Acknowledgement: This work was supported by a SONATA 8 (#2014/15/D/NZ1/00968) and Premia na 

Horyzoncie (#353103/PnH/2017) grants from the National Science Centre of Poland and EMBO 

Installation Grant from European Molecular Biology Organization and a Marie Skłodowska-Curie 

Actions grant to Maria Gorna. 
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An efficient cell-free strategy to produce stable huntingtin for structural studies 
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Huntington’s disease (HD) is a fatal neurodegenerative disorder caused by an abnormally 

extended poly-Q tract in the N-terminal region of the huntingtin protein (httex1). While the poly-Q 

repeat length ranges between 6 and 35 in healthy subjects, patients with HD exhibit lengths of 36 or 

greater, defined as the pathological threshold.  

On the molecular basis it is postulated that the homotypic and uncharged nature of httex1 renders the 

protein unstable and prone to aggregation, causing the disease. However, contradictory observations 

have been reported regarding the presence of secondary structural elements and the compactness of 

different httex1 constructs [1].  

We aim to clarify the structural bases of the pathological threshold by conducting high 

resolution structure and dynamics studies on several httex1 constructs, hosting poly-Q tracts of 16, 35 

and 46 glutamines. In order to prepare well characterized protein samples for structural studies we set 

up a pipeline to produce optimized constructs using a cell-free platform and NMR stability studies. 

Cell-free coupled transcription-translation systems based on Escherichia coli extracts are an attractive 

alternative to conventional expression systems in vivo [2]. In addition to being independent of 

bacterial growth, the cell-free reaction is an open system that can be easily modified. Cell-free extracts 

are very stable and tolerant against a wide variety of substances that can be added at any time over the 

course of the reaction. For example, detergents that can improve protein stability or avoid problems of 

aggregation can be present right from the beginning [3].  

Overall, the cell-free system allowed us to rapidly assess various httex1 fusion protein 

constructs under defined conditions in a microplate format at the same time. Furthermore, cell-free 

reactions can be optimized to synthesize substantial amounts of protein and can also be used at 

preparative scale. These efforts led to the selection and purification of an optimized httex1 (16Q) 

construct for structural and dynamics studies by NMR.  
 

Acknowledgement: This project has received funding from the European Research Council (ERC) 

under the Horizon 2020 research and innovation programme (grant agreement No 648030) and from 

the Fondation pour la Recherche Médicale (FRM, SPF20150934061).  

References  

1. Adegbuyiro A., Sedighi F, Pilkington A.W., Groover S., Legleiter J. Biochemistry, 2017, 56, 1199-1217.  

2. Apponyi MA, Ozawa K, Dixon NE, Otting G. Methods Mol Biol, 2008, 426, 257-268.  

3. Rosenblum G, Cooperman BS. FEBS Letters, 2014, 588, 261-268.  

Protein repeats P29 



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

8
2

 
 

Calorimetric study of interaction between DARPin and maltose binding protein 
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DARPins (designed ankyrin repeat proteins) are known as a novel class of binding proteins 

with non-immunoglobulin scaffolds. DARPins can be rapidly engineered to detect diverse target 

proteins with high specificity and affinity. From this point of view, they offer an attractive alternative 

to antibodies. In this work, we study properties of DARPin off7, which was selected by ribosomal 

display for binding to maltose binding protein (MBP) with high specificity and affinity. The effect of 

different pH of solvent on stability of the complex MBP-off7 has been studied by isothermal titration 

calorimetry and differential scanning calorimetry. Our results indicate that affinity of the off7 to MBP 

decreases with increasing pH of solvent. This behavior probably results from changes in 

conformational properties of both proteins and particularly of oligomeric state of off7. Our study may 

lead to better understanding of the mechanism of interaction of off7 with MBP. This is critical point 

for development of affinity chromatography, which enables isolation/purification of proteins 

containing MBP tag. 

Acknowledgement: We would like to thank to Prof. Dr. Andreas Plückthun for providing us with 

plasmids encoding both proteins. This work was supported by grants of Slovak grant agency VEGA 

1/0423/16, APVV-15-0069 and VVGS-PF-2016-72626. 
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Tandem Repeats (TRs) are abundant in proteins, having a variety of fundamental functions. In 

many cases, evolution has blurred their repetitive patterns. This leads to the problem of distinguishing 

between sequences that contain highly imperfect TRs, and the sequences without TRs. Recently 

developed scoring tool denoted Tally [1] is based on a robust machine learning approach and trained 

and evaluated on an expertly curated benchmarking datasets. Tally outperforms state of the art scoring 

procedures in separation between sequences with structural TRs and sequences of aperiodic structures. 

Here, we propose a modification of Tally with enclosure of the Fourier-based features for transforming 

protein sequences into feature vectors [2]. Fourier transform captures the repetitions of amino acids by 

considering sequences in the frequency domain using the Fast Fourier Transform (FFT) algorithm. 

FFT has been widely used to transform proteins of variable length into fixed length vectors after 

sequence is encoded by the physicochemical properties of amino acids contained in AAindex database 

[3]. Here, the best predictive model is selected based on evaluation of machine learning models as well 

as feature selection and parameter optimization. This new model TallyF which combines features 

stemming from multiple sequence alignments with Fourier-based features outperforms Tally at a level 

of accuracy 87.0 % and an Area Under the Receiver Operating Characteristic Curve of 0.890 on test 

set. These findings indicate that Fourier analysis can complement MSA in recognition of structurally 

relevant and functionally meaningful TRs. 

Acknowledgments: This work was supported by the Ministry of Education, Science and Technological 

Development of the Republic of Serbia [grant no. 173001]. The COST Actions BM1405 is kindly 

acknowledged for supporting the short term scientific mission of NS to AK laboratories. 
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Destroying effect of extracts from traditional Chinese herbs on Aβ42 amyloid fibrils  
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Alzheimer's disease is the most common cause of dementia and current treatment strategies 

are only symptomatic and temporarily improve quality of life. It was suggested that formation of Aβ 

peptide amyloid aggregates is one of the central pathological events in AD. Therefore, one of the 

recent therapeutical strategies is focused on the inhibition of the Aβ peptide amyloid self-assembly or 

clearance of amyloid plaques. Small compounds have high potential to interfere with amyloid 

fibrillization or reduce amount of the amyloid aggregates. In our research we focused on the extracts 

from herbs used in traditional Chinese medicine. Our objective was to find out, if any of 12 studied 

compounds from different Chinese herbs have substantial impact on Aβ42 fibrils. The effect of 

compounds on Aβ42 fibrils was studied using Thioflavin T assay in broad concentration range and 

DC50 values were determined. Noticeable destroying effect was observed for four compounds, but the 

most effective were extracts from the root of Salvia miltiorrhiza with DC50 values of 10 μM and 0.7 

μM respectively. Our results were supported by atomic force microscopy. In silico study confirmed 

the results obtained in in vitro experiments as the most effective compounds have considerable affinity 

to Aβ42 fibrils. Extracts from Salvia miltiorrhiza showed reasonable potential and could become 

future therapeutical agents. 
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Challenges in the computational prediction of peptide amyloidogenicity 
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Amyloids are self-aggregating proteins that participate in neurodegenerative disorders, such as 

Alzheimer's or Parkinson's diseases. The computational prediction of amyloidogenic proteins is a great 

challenge because regions responsible for amyloidogenicity cannot be described by specific amino 

acid motifs, but rather residues with specific physiochemical properties. Henceforth, we created 

AmyloGram, a software suitable for the detection of amyloids. The reduced amino acid alphabet, 

based on the physicochemical properties of amino acids, allows AmyloGram to handle the diversity of 

amyloid proteins. 

We found eight peptides that were annotated in the the AmyLoad database as non-

amyloidogenic but assesed by AmyloGram with the high probability of amyloidogenicity but. We 

analyzed them using the Fourier transform infrared spectroscopy and found out that seven of these 

eight peptides are in fact amyloidogenic. For three out of seven amyloidogenic peptides, our 

experimental results were also confirmed independently by other studies. The computational 

prediction using other amyloid-predicting software, PASTA 2.0, revealed amyloidogenic properties in 

only two of the seven amyloids that were confirmed experimentally. 

Our data indicate that AmyloGram is able to detect amyloid proteins that were falsely assigned 

as non-amyloidogenic. Furthermore, it is able to find more false non-amyloids than other software 

maintaining the same specificity (in both cases thresholds were adjusted to assure the 0.95 specificity). 

Nevertheless, the potential peptides should be tested in a wider experimental setting because some 

proteins may display amyloid properties only under specific conditions. 

 

AmyloGram is available as a web-server (www.smorfland.uni.wroc.pl/amylogram/) and R package 

(https://cran.r-project.org/package=AmyloGram). 
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Solid-state NMR structural studies of peptide induced prion protein aggregates 
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Prion-like spreading may be employed in a number of fatal neurodegenerative disorders, 

including Alzheimer’s and Parkinson’s diseases [1]. Understanding the possible mechanisms of 

such spreading would be a big step towards curing these diseases. Recent work showed that prion 

protein aggregation can be induced by short peptides. It seems that either structure of peptide-induced 

prion protein aggregates or the mechanism of their formation is different from the current knowledge 

in the field [2]. To get insight into the structure of peptide-induced prion protein fibrils we have 

used solid state nuclear magnetic resonance spectroscopy (ssNMR) and studied mouse prion protein 

fibrils obtained using different aggregation methods including seeding with short peptides. In the 

poster, we will report initial results from these studies. 

 

Acknowledgement: the authors thank Prof. Witold Surewicz for sharing the MoPrP(89-230) 
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A large body of information accumulated to date allows using experimental data, as well as 

theoretical predictions, studying the amyloid-forming capacity of most proteins, and describing the 

mechanism of the formation of amyloid fibrils. It seems possible that despite a number of 

contradictions among some theoretical and experimental data, the process of amyloidogenesis must 

possess general key features common to all proteins and peptides. To negate the effect of varying 

contexts in proteins, it is convenient to make use of model peptides, whose sequence mostly comprises 

well-characterized amyloidogenic regions.  

To identify the key stages in the amyloid fibril formation we studied the aggregation of 

amyloidogenic fragments of Aβ peptide: Aβ(16-25), Aβ(31-40), and Aβ(33-42), using the methods of 

electron microscopy, ThT fluorescence, X-ray analysis, mass spectrometry, and structural modeling. 

We have found that the fragments Aβ(31-40) and Aβ(33-42) form amyloid fibrils in the shape of 

bundles and ribbons, while Aβ(16-25) fragment forms only nanofilms. Combined analysis of the data 

allows us to speculate that both the fibrils and the films are formed via the association of ring-shaped 

oligomers, whose external diameter measured about 6-7 nm, the internal diameter 2-3 nm, with the 

height of about 3 nm. We conclude that such oligomers are the main building block in fibrils of any 

morphology. The interaction of the ring oligomers with each other in different ways makes it possible 

to explain their polymorphism.  

The data obtained in the recent years, certain accumulated contradictions, as well as some 

unsolved questions related to the structural organization of the fibrils, combined with our own data on 

the organization of amyloidogenic peptides and their fragments [1-3], allows us to undertake a 

revision of the traditional views upon the processes of amyloidogenesis. Correct interpretation of such 

molecular processes is paramount for understanding, prophylactics, and future treatment of the 

amyloid-related neurodegenerative conditions in humans. In that connection, we believe that a key 

effort must currently be concentrated upon studying mechanisms of the transition from the monomeric 

state to the formation of oligomers. 

 

Acknowledgement: This study was supported by the Russian Science Foundation (14-14-00536).  
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In amyloid pathologies (e.g. Parkinson's or Alzheimer's diseases) there are indications that 

oligomeric aggregated precursors of fibrillation, and not mature fibrils, are the main cause of 

cytotoxicity and neuronal damage. Hence the importance of characterizing early stages in the 

fibrillation process. The structural analysis of these oligomeric species is a major challenge due to 

their instability, low relative concentration, the difficulties for isolation, and their interdependence 

with other species of very different sizes [1]. Mechanistic studies normally monitor individual species 

of the fibrillation process, such as mature fibrils, whereas the other species remain invisible. 

In SAXS studies of fibrillation, the resulting individual scattering pattern measured at different 

time-points throughout the fibrillation process, is a sum of the contributions from each component of 

the mixture. This additive nature of SAXS data allows for probing the evolution of these mixtures of 

oligomeric states [4, 5]. We present an objective SAXS data decomposition method by adapting the 

Multivariate Curve Resolution Alternating Least Squares (MCR-ALS [2, 3]) chemometric method. 

The approach enables rigorous and robust decomposition of synchrotron SAXS data by 

simultaneously introducing these data in different representations that emphasize molecular changes at 

different time and structural resolution ranges. The approach has allowed the study of the 

amyloidogenic processes of insulin and the familial mutant E46K of the Parkinson’s disease related 

protein alpha-synuclein, and has allowed the structural characterization of the species present 

(including the oligomeric species) and the kinetic characterization of their transformations. Our 

approach is generally applicable to any macromolecular mixture with tunable equilibria that can be 

probed by SAXS. 

 

Acknowledgements: This work has been sponsored by ANR-SPIN-HD (France), Institut national de la 
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Amyloids are proteins capable of forming fibrils whose intramolecular contact sites form a 

characteristic zipper pattern. A number of diseases related to amyloid proteins is constantly increasing. 

They include Alzheimer's disease Parkinson's disease, amyotrophic lateral sclerosis, and many others. 

There are several hypotheses suggesting potential mechanisms for development of fully symptomatic 

diseases.  Recognition of factors responsible for protein misfolding and subsequent cascade of events 

can contribute to better understanding of the diseases mechanisms and potential drug design.  

Aggregation of amyloid proteins depends on the presence of short amyloidogenic motifs, 

which typically include 4-10 residues. The fragments can be harmless when they are burried inside a 

protein. We developed computational methods that recognize amyloidogenic hot-spots. They utilize 

a variety of machine learning methods [1,2] including those specifically tailored to amyloid proteins, 

such as site specific co-occurrence patterns [3] and n-gram analysis of physicochemical alphabets of 

amino acids [4]. Our methods show sequential patterns in the amyloid fragments, strongly correlated 

with hydrophobicity, a tendency to form beta structures, and rigidity of amino acid residues. 

Moreover, an extensive database of experimentally tested peptides, supporting classification of 

amyloids, will be presented [5]. 

Recent studies indicate that the neurodegenerative processes may correspond to incorporation 

of amyloid oligomers into the cell and organelle membranes, creating weakly cation-selective ion 

channels that allow uncontrolled influx of calcium into nerve cells. The excessive influx of calcium 

into the cytoplasm leads to disruption of intracellular pathways, membrane depolarization, ATP 

depletion, and mitochondrial membrane depolarization with impairment of mitochondrial function. 

Our results on modeling hypothetical structures of the amyloid pores will be presented. Additionally, 

we introduced a new experimental protocol for studying the effect of calcium on neural cells. The 

effects of increased calcium influx due to non-selective nanopores was experimentally tested on 

pheochromocytoma cells (PC-12) utilizing electroporation with micro- and nanosecond pulses. 
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Age related neurodegenerative diseases, such as Alzheimer’s disease (AD), are associated with 

the occurrence of protein aggregates and activation of inflammatory pathways. The occurrence of 

dysregulated protein expression is a common feature that are correlated with the misfolding of 

normally soluble proteins and their subsequent conversion into toxic amyloid aggregates [1] which is 

accompanied by upregulation of pro-inflammatory cytokines such as S100 proteins. S100s are small 

(12kDa) Ca2+-binding signaling proteins which occur mostly as homodimers. Ca2+ binding occurs at 

two EF-hand motifs and some homologues contain additional regulatory Zn2+/Cu2+ binding sites [2].  

S100 proteins are involved in numerous intra and extracellular pathophysiological processes and some 

neuronal S100s are consistently altered in neurodegeneration, including AD. Among these are 

S100A8, S100A9 and the heterodimer S100A8/A9 (calprotectin, CP) which seem to undergo self-

assembly upon zinc and calcium binding, a process which is likely mechanistically linked to the cross-

beta forming propensity which we have recently elucidated [3]. 

In this work, we report an investigation dealing with our hypothesis that is zinc and calcium-

binding to neuronal S100s promotes the formation of protein deposits in the AD brain and that this is 

related to changes in zinc homeostatic levels, which are known to be altered in ageing and 

neurodegeneration. For the purpose, we analysed brain sections from APP23 AD mice models and 

different ages (3 and 15months), using immunohistochemical analysis and fluorescence microscopy in 

combination with biochemical assays. We have analysed the occurrence of S100A8 and S100A9 

protein assemblies in correlation to brain zinc levels and the presence of amyloid plaques. Here we 

present our preliminary results that pave the way to explore new roles for S100s as modifiers of 

Alzheimer’s Disease.  
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Protein misfolding is a common pathological feature for many human diseases, such as 

Alzheimer’s disease (AD), Parkinson’s disease, type II diabetes and others. We will describe the 

development and application of an integrated and generalizable bacterial platform for facile discovery 

of macrocyclic rescuers of disease-associated protein misfolding. In this system, large combinatorial 

libraries of macrocycles are biosynthesized in Escherichia coli cells and simultaneously screened for 

their ability to rescue pathogenic protein misfolding using a genetic assay based on fluorescence-

activated cell sorting. We will first describe the effectiveness of this approach through the 

identification of drug-like, head-to-tail cyclic peptides that modulate the aggregation of the amyloid β 

peptide (Aβ) of AD. By using a series of biochemical, biophysical and biological assays using isolated 

Αβ, primary mammalian neurons and various established AD models in the nematode Caenorhabditis 

elegans, we have found that the selected macrocycles potently inhibit the formation of neurotoxic Αβ 

aggregates. Further, to showcase the generality of our approach, we will describe the application of the 

same platform for the identification of misfolding rescuers of mutant Cu/Zn superoxide dismutase 1 

(SOD1), a protein whose misfolding and aggregation is associated with inherited forms of 

amyotrophic lateral sclerosis. Overall, our approach represents a straightforward strategy for the 

discovery of molecules that rescue the misfolding of polypeptides known to be associated with disease 

effectively. 
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The conversion of normally soluble protein into fibrillar amyloid aggregates is of central 

importance for several amyloid-related diseases as the presence of amyloid deposits in different tissues 

has toxic consequence to various cell types leading to their dysfunction or death [1]. In last few years, 

a range of low molecular weight compounds have been selected to effectively inhibit amyloid 

aggregation and clear amyloid fibrils. 

We have investigated the ability of distinct tacrine-benzothiazole heterodimers to prevent the 

formation of Aβ-peptide amyloid aggregates in vitro. Tacrine core was functionalized with methoxy- 

or chloro- functional groups and attached to 2-amino-benzothiazole with aliphatic linker with different 

length (from 2 to 8 carbons) (Fig.1). Anti-amyloid activities of heterodimer derivatives were examined 

using Thioflavin T fluorescence assay and atomic force microscopy. It was found that inhibitory 

efficiency characterized by the half-maximal inhibition concentration (IC50 value) was affected mainly 

by: i) the presence of function group attached to the tacrine core and ii) by the length of the linker. It 

should be noted that modified tacrines and 2-amino-benzothiazole alone do not exhibit any or very 

low inhibition of Aβ-peptide fibrillization. The obtained results clearly indicate that connection of 

tacrine and benzothiazole into the heterodimer significantly increases their inhibitory efficiency. 

 

 

 

 

 

 

Figure 1. Structure of 6-Cl-tacrine-2-amino-benzothiazole (left) and 7-methoxy-tacrine-2-amino-benzothiazole 

(right) heterodimers with various length of the linker (number of carbons = 2 – 8). 

 

Acknowledgement: This work was supported by the research grant VEGA 0145 and VEGA 0176, SAS-

MOST JRP 2015/5 and MVTS COST 083/14 action BM1405.  

 

References 

1. Knowles, T. P. J.; Vendruscolo, M. and Dobson, C. M. The amyloid state and its association with protein 

misfolding diseases. Nature 15 (2014) 384-396. 

  

Aggregation P40 

(C= 2-8) (C= 2-8) 

N

NH
N
H

S

N

Cl N

O

NH
N
H

S

N



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

9
7

 
 

 

Scientific Committee          2 

Local Organizing Committee        2 

Invited Talks ___________________________________________________________3 

I01: IVARSSON Y., Discovery of short linear motif-mediated interactions through 

        phage display of intrinsically disordered regions of the human proteome  4 

I02: CHEMES L. B., Evolution and function of disordered regions and linear  

        motifs in viral proteomes        5 

I03: LOOG M., Disordered CDK substrates act as multi-input signal processors to  

        control the key decision points in the cell cycle     6 

I04: SCHUELER-FURMAN O. et al., Accurate structural modeling of peptide-protein  

        interactions using Rosetta FlexPepDock      7 

I05: SERPELL L. et al., Understanding amyloid: from structure to function  9 

I06: BARBAR E. et al., Multivalency in Transcriptional Regulation of the Hub 

        Protein LC8          11 

I07: POTTS J. R., Repetitive bacterial surface proteins     12 

I08: VENDRUSCOLO M., Principles of protein structural ensemble determination 13 

I09: SCHULER B., Binding without folding: Extreme disorder and dynamics in a  

        high-affinity protein complex        14 

Selected Talks __________________________________________________________15 

T01: LAMBRUGHI M. et al., At the cross-road between structured and disordered 

         binding motifs: the Ubiquitin Interacting Motives     16 

T02: ZAMBELLI B. et al., The relationship between folding and activity in UreG, 

         an intrinsically disordered enzyme       18 

T03: REICHMANN D. et al., Cross-talk between redox regulation and protein 

         homeostasis          19 

T04: GRUCA A. et al., Comparision of methods for searching for similar protein 

         sequences in the case of low complexity regions     20 

T05: LAH J. et al., Thermodynamic origin of fuzzy interaction between intrinsically 

         disordered antitoxin and ordered toxin       21 

 

 

 

 

Register  



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

9
8

 
 

 

T06: LUPAS A. N., Amplification of subdomain-sized fragments in the genesis of new, 

         non-globular folded proteins        22 

T07: URBANEK A. et al., A novel approach to enable the structural and dynamics  

         characterisation of homorepeat proteins      23 

T08: AZIZYAN R. A. et al., Establishment of constraints on amyloid formation 

         imposed by steric exclusion of globular domains     25 

T09: SEKER U., Engineered Bacterial Functional Amyloids    27 

T10: VELJKOVIC N. et al., Intrinsically disordered proteins protein-protein interaction 

         prediction method based on various sequence representations   28 

T11: DAVEY N. E., Generation of a framework for community-sourced curation of  

         experimentally validated functional modules in intrinsically disordered regions 29 

T12: PLÜCKTHUN A., Armadillo Repeat Proteins: From their evolution to their  

         engineering          30 

T13: PALADIN L. et al., Evolution of repeat proteins by exon duplication  32 

T14: ANDRADE-NAVARRO M. A. et al., Study of amino acid biased regions 

         in proteins          34 

T15: CORTAJARENA A. L. et al., Repeat proteins: scaffolds for artificial 

         bioelectronics materials         35 

T16: PROMPONAS V. J. et al., A heuristic implementation of the CAST algorithm 

         for detecting compositional bias in protein sequences     36 

T17: SMIRNOVAS V. et al., Seeding barrier between hamster and human prion 

         protein amyloid-like fibrils        37 

T18: SILVA A. et al., Molecular tools to tackle protein aggregation in  

         Machado-Joseph disease        38 

T19: GAZOVA Z. et al., Interference of small molecules with amyloid aggregation 

         of Abeta peptide: Structure – activity relationship     39 

T20: SKRABANA R. et al., DC8E8 inhibits disordered tau protein oligomerization 

         by a combination of pi-electron interaction, flexible recognition and steric 

         hindrance          40 

Poster Presentations _____________________________________________________41 

P01: GRBIĆ M. et al., Partitioning biological networks in k-plex subnetworks with 

         maximum edge weights         42 

P02: HIRSH L. et al., Conformational ensembles inside alpha-solenoids proteins  43 

 

 

Register  Register  



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

9
9

 
 

 

P03: PUNTA M. et al., Novel examples of long conserved intrinsically disordered 

         regions           45 

P04: ARAMIN S. et al., Redox-regulation and chaperone function of the Hsp33 

         homologue in T. Brucei         46 

P05: BASILE W. et al., High GC Content Causes Orphan Proteins to be 

         Intrinsically Disordered         47 

P06: CEHLÁR O. et al.,  The conformation of proline rich segment of neuronal 

         protein tau studied by the X-ray crystallography, molecular dynamics 

         simulations and biophysical methods       48 

P07: GASPARINI A. et al., Unraveling TANC2-CDKL5-PP1 interactions: 

         intrinsically disordered regions mediating novel pathways in neurodevelopment 50 

P08: HADŽI S. et al., Intrinsically disordered protein induces unusual b-strand 

         dynamics in the ribosomal mRNAse       52 

P09: KURSULA P. et al., Molecular flexibility of myelin proteins enables tight 

         packing of lipid multilayers        53 

P10: LONGHI S. et al., Partner-mediated polymorphism of an intrinsically disordered 

         protein           54 

P11: MELKOVÁ K. et al., Study of domain interactions of intrinsically disordered 

         Microtubule-Associated Protein 2c (MAP2c) with its binding partners via 

         computational methods and nuclear magnetic resonance    56 

P12: MESIKA R. et al., Exploring functional plasticity of protein proteostasis 

         network in bacteria using in-vivo cross linking coupled with mass spectrometry 57 

P13: MONZON A. M. et al., Conformational diversity and disorder transitions reveals 

         adaptations in different kingdoms       58 

P14: MONZON A. M. et al., Homology modeling in a dynamical world   59 

P15: NECCI M. et al., Coloring protein darkness      61 

P16: PALOPOLI N. et al., Analysis of cell-cycle regulatory linear motifs bound by 

         the pRb retinoblastoma tumor suppressor      63 

P17: GLAVINA J. et al., Identification of intrinsically disordered regions and linear 

         motif mimicry across Flavivirus proteomes      65 

P18: PARISI G. et al., Conformational properties of Short Linear Motifs   67 

P19: MARCHETTI J. et al., Assessing structural constraints in intrinsically 

         disordered proteins using evolutionary methods     68 

 

 

Register  



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

1
0

0
 
 

 

P20: PLEWCZYNSKI D. et al., The role of CTCF and cohesin complex in chromatin 

         looping and higher-order organization of Human genome    69 

P21: RIMON O. et al., Insights into (Un)structure-Function Relationships from the 

         Conditionally Disordered Chaperone Hsp33      71 

P22: SORA V. et al., The structural landscape of two new disordered BH3-like 

         proteins and their interaction with the Bcl-2 family members.   73 

P23: ZAPLETAL V. et al., Conformational study on binding domains of the 

         intrinsically disordered protein MAP2c (microtubule-associated protein 2c)  74 

P24: ŽÍDEK L. et al., Probing role of electrostatic interactions in formations of transient 

         structures of intrinsically disordered C-terminal domain of delta subunit of RNA 

         polymerase from Gram-positive bacteria      75 

P25: BLIVEN S. et al., Phylogenetics of Tandem Repeats with Circular HMMs: 

         A Case Study on Armadillo Repeat Proteins      76 

P26: DEMİRCİ T. et al., The relationship between the store-operated calcium entry 

         and the optic nerve damage; an electron microscopic study    77 

P27: LINKE D. et al., The repeat structure of two paralogous invasin genes from 

         Yersinia ruckeri sheds light on the evolution of adhesive capacities of a fish 

         pathogen          79 

P28: MERSKI M. et al., Analysis of the Relationships in the Repeat Regions of RAP 

         Domain-Containing Proteins        80 

P29: MORATÓ A. et al., An efficient cell-free strategy to produce stable huntingtin 

         for structural studies         81 

P30: NEMERGUT M. et al., Calorimetric study of interaction between DARPin 

         and maltose binding protein        82 

P31: PEROVIC V. et al., Improving a machine-learning approach for determination of 

         genuine tandem repetitive sequences with enclosure of Fourier-based features 83 

P32: BEDNARIKOVA Z. et al., Destroying effect of extracts from traditional Chinese 

         herbs on Aβ42 amyloid fibrils        84 

P33: BURDUKIEWICZ M. et al., Challenges in the computational prediction of 

         peptide amyloidogenicity        85 

P34: FRIDMANIS J. et al., Solid-state NMR structural studies of peptide induced 

         prion protein aggregates        86 

 

 

 

Register  Register  Register  



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

1
0

1
 
 

 

P35: GALZITSKAYA O. V. et al., Oligomers are building blocks for fibril formation 

         of fragments of the Alzheimer’s disease Aβ peptide     87 

P36: HERRANZ-TRILLO F. et al., Objective Structural Analysis of Multicomponent 

         Amyloid Systems by Chemometric SAXS Data Decomposition   89 

P37: KOTULSKA M. et al., Modeling motifs and transmembrane properties of  

         amyloid proteins         91 

P38: ROMÃO M. A. et al., Impact of S100 protein multimers in zinc homeostasis in  

         Alzheimer’s disease mice models       93 

P39: SKRETAS G. et al., Molecular evolution of macrocyclic rescuers of 

         disease-associated protein misfolding       95 

P40: ULICNA K. et al., Tacrine derivatives vs. amyloid aggregation of Aβ peptide 96 

Register _______________________________________________________________ 97 

  

Register  



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

1
0

2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Book of Abstracts, 3rd NGP-Net SYMPOSIUM ON NON-GLOBULAR PROTEINS,  

August 28 – September 1, 2017, Košice, Slovakia 

 

Editors: Zuzana Gazova, Zuzana Bednarikova, Rostislav Skrabana 

              Katarina Ulicna and Miroslav Gancar 

© Institute of Experimental Physics, Slovak Academy of Sciences 

ISBN: 978-80-89656-20-2 

EAN: 9789089656202 

  



          Book of Abstracts                                                            3rd NGP-Net Symposium 2017, Košice, Slovakia  

1
0

3
 

 

 

 

ISBN: 978-80-89656-20-2 

EAN: 9789089656202 


