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P-185 (O-066) 
Histone tails in nucleosome: fuzzy interaction with DNA 
S. Rabdano1, M. Shannon2, S. Izmailov1, N. Gonzalez Salguero2, M. Zandian2, 
M. Poirier2, N. Skrynnikov1, C. Jaroniec2. 
1Saint Petersburg State University, Saint Petersburg, Russian Federation; 2The 
Ohio State University, Columbus, United States. 
New evidence from NMR spectroscopy suggests that histone tails remain highly 
dynamic even in the condensed state of chromatin. To probe the dynamic 
behavior of H4 histone N-terminal tail in greater detail, we prepared a sample of 
mononucleosome containing 15N,13C-labeled H4 histone. The HSQC spectrum 
of this sample features observable signals from the first fifteen residues in H4; 
half of these signals have been successfully assigned and used for site-specific 
15N relaxation measurements. The experimentally obtained chemical shifts and 
relaxation rates paint the picture of moderately mobile H4 tail with random-coil-
like conformational properties. We have also recorded a μs-long MD trajectory 
of mononucleosome in the explicit TIP4P-D solvent, which has been designed 
specifically for (partially) disordered protein systems. This trajectory 
successfully reproduced the experimentally measured chemical shifts and 
relaxation rate constants. According to the MD data, the positively charged H4 
tail hovers over the negatively charged ds-DNA, making transient contacts with 
both DNA backbone and major/minor grooves. This type of behavior, 
underpinned by electrostatic attraction and characterized by substantial mobility 
of H4 tail relative to the DNA chain, can be classified as "fuzzy interaction". The 
research was supported by RSF grant 15-14-20038 (modeling component) and 
NIH grant GM118664 (experimental component). 
  
 
 
P-186 (O-067) 
New protein-protein interaction modulators for the therapeutic regulation 
of synapse dysfunction in neurodevelopmental disorders and 
neurodegeneration 
A. Mansilla1, A. Chaves-Sanjuan2, C. Roca3, A. Canal-Martin3, M. Daniel-
Mozo2, L. Martinez-Gonzalez3, L. Infantes2, A. Ferrus4, A. Martínez3, R. Perez-
Fernandez3, N. Campillo3, M.J. Sanchez-Barrena2. 
1Hospital Ramón y Cajal, Madrid, Spain; 2Institute Rocasolano (CSIC), 
Madrid, Spain; 3Centro de Investigaciones Biológicas (CSIC), Madrid, Spain; 
4Institute Cajal (CSIC), Madrid, Spain. 
New protein-protein interaction modulators for the therapeutic regulation 
of synapse dysfunction in neurodevelopmental disorders and 
neurodegeneration  
The protein complex formed by the Ca2+ sensor neuronal calcium sensor 1 (NCS-
1) and the guanine exchange factor protein Ric8a co-regulates synapse number 
and probability of neurotransmitter release, emerging as a potential therapeutic 
target for diseases affecting synapses [1]. In neurodevelopmental disorders, such 
as Fragile X syndrome (FXS) or Autism, neurons show an abnormally high 
synapse number. On the contrary, in neurodegeneration, such as Alzheimer´s, 
Huntington´s or Parkinson´s diseases, patients show a low synapse number. In 
the recent years, we have been investigating the structural basis of the NCS-
1/Ric8a interaction and found out that the formation of this complex is essential 
to increase synapse number [1,2]. Therefore, an inhibition of the NCS-1/Ric8a 
complex would constitute a potential strategy to regulate synapse function in 
FXS and related disorders. Conversely, the stabilization of this protein-protein 
interaction could be key to regulate synapses in neurodegeneration. With this 
aim, virtual screenings and dynamic combinatorial chemistry approaches have 
been used to find out regulatory molecules of this protein-protein interaction. 
Further, a multidisciplinary approach including, biochemical, biophysical, 
crystallographic, cellular and in vivo studies have been performed to demonstrate 
the activity of the compounds, their therapeutic potential and molecular 
mechanism of action [3,4]. 
[1] Romero-Pozuelo, J. et al. (2014) Journal of Cell Science 127, 4246-4259.    
[2] Baños-Mateos, S. et al. (2014) Acta Crystallographica A70, 530-534.  
[3] Mansilla, A. et al. (2017) PNAS 114(6), E999-E1008. 
[4] Canal-Martín, A. et al. (2019) Under review. 
  
 

P-187 (O-068) 
Structural characterisation of tissue-derived, disease-associated polymers of 
alpha-1-antitrypsin using conformation-selective antibodies and single-
particle reconstructions from electron microscopy images  
E. Elliston1, S. Faull2, M. Laffranchi3, B. Gooptu4, A. Jagger1, E. Miranda5, J. 
Perez6, N. Heyer-Chauhan1, N. Lukoyanova7, A. Redzej7, A. Fra3, E. Orlova7, 
D. Lomas1, J. Irving1. 
1University College London, London, United Kingdom; 2Institute of Cancer 
Research, London, United Kingdom; 3Universita` di Brescia, Brescia, Italy; 
4University of Leicester, Leicester, United Kingdom; 5Sapienza Universita' di 
Roma, Rome, Italy; 6Universidad de Malaga, Malaga, Spain; 7Birkbeck 
College, University of London, London, United Kingdom. 
α1-Antitrypsin is an abundant plasma inhibitor of neutrophil elastase, expressed 
at high levels by hepatocytes, and one of the causative agents of a class of 
conformational diseases termed serpinopathies. In its active state, α1-antitrypsin 
is in a kinetically stable, but thermodynamically unstable, configuration, 
rendering it susceptible to inappropriate conformational change. In individuals 
homozygous for the Z (E342K) mutation, α1-antitrypsin accumulates in the liver 
as dense intracellular deposits, leading to a reduced level in circulation.  These 
deposits are the consequence of an ‘ordered aggregation’ that yields linear, 
unbranched protein chains, termed polymers, that are both extremely stable and 
functionally inactive.  The circulating deficiency results in a protease-
antiprotease imbalance in the lung, predisposing affected individuals to 
emphysema and COPD, whilst the hepatic accumulation can lead to liver disease, 
including cirrhosis and hepatocellular carcinoma. 
Our aim is to define the molecular details of the polymerisation pathway, in 
which α1-antitrypsin passes through different conformational states as it 
transitions from the active monomer via one or more structural intermediates to 
a hyperstable polymeric form. Different models have been proposed for the 
terminal structure adopted by the pathological polymer; these are are largely 
based on characterisation of polymers produced under conditions 
mechanistically or biologically distinct from those existing in vivo, and as such 
their relevance to the pathological context has not been established.  To probe 
the structural and energetic aspects of the polymerisation pathway, we have 
generated a molecular toolkit of conformation-specific monoclonal antibodies 
(mAbs), and mapped their epitopes. We have utilised these mAbs and applied 
single-particle reconstruction techniques to negative stain and cryo-EM images 
of polymers extracted from patient explant liver tissue. The resulting maps, in 
conjunction with molecular modelling, have allowed us to critically evaluate the 
proposed mechanisms of polymer formation. 
  
 
 
P-188  
The structure of full-length human phenylalanine hydroxylase in complex 
with tetrahydrobiopterin 
M. Alcorlo Pagés1, M. Innselset Flydal2, F. Gullaksen Johannessen2, S. 
Martínez-Caballero1, L. Skjærven2, R. Fernandez-Leiro3, A. Martinez2, J.A. 
Hermoso1. 
1Rocasolano Institute of Physical Chemistry (CSIC), Madrid, Spain; 
2Department of Biomedicine, University of Bergen, Bergen, Norway; 3cSpanish 
National Cancer Research Centre (CNIO), Madrid, Spain. 
Phenylalanine hydroxylase (PAH) is a key enzyme in the catabolism of 
phenylalanine, and mutations in this enzyme cause phenylketonuria (PKU), a 
genetic disorder that leads to brain damage and mental retardation if untreated. 
Some patients benefit from supplementation with a synthetic formulation of the 
cofactor tetrahydrobiopterin (BH4) that partly acts as a pharmacological 
chaperone. Here we present the first structures of full-length human PAH 
(hPAH) both unbound and complexed with BH4 in the pre-catalytic state. 
Crystal structures, solved at 3.18Å resolution, show the interactions between 
the cofactor and PAH, explaining the negative regulation exerted by BH4. BH4 
forms several H-bonds with the N-terminal autoregulatory tail but is far from 
the catalytic FeII. Upon BH4 binding a polar and salt-bridge interaction network 
links the three PAH domains, explaining the stability conferred by BH4. 
Importantly, BH4 binding modulates the interaction between subunits, 
providing information about PAH allostery. Moreover, we also show that the 
cryo-EM structure of hPAH in absence of BH4 reveals a highly dynamic 
conformation for the tetramers. Structural analyses of the hPAH:BH4 subunits 
revealed that the substrate-induced movement of Tyr138 into the active site 
could be coupled to the displacement of BH4 from the pre-catalytic towards the 
active conformation, a molecular mechanism that was supported by site 
directed mutagenesis and targeted MD simulations. Finally, comparison of the 
rat and human PAH structures show that hPAH is more dynamic, which is 
related to amino acid substitutions that enhance the flexibility of hPAH and 
may increase the susceptibility to PKU-associated mutations.  
 
 




