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Neutrons have become an increasingly powerful and sophisticated tool in structural biology in 

the recent years. In particular, over the last decade, improvements in sources, instrumentation 

and sample preparation have revolutionized the scope of neutron scattering studies of biological 

systems. As in all areas of modern structural biology there is now strong emphasis on 

interdisciplinarity with neutrons occupying a central role alongside the other major techniques 

including X-rays, NMR, EM… Over the years the focus of this meeting has shifted away from 

technical aspects relating directly to the development of neutron techniques towards a more 

science driven event where neutrons provide crucial information alongside the other techniques 

available.This 2017 edition will focus on highlighting recent results in fundamental biology, as 

well as considering the future of the field and the implications for the type of science that can 

be considered as well as for the instruments required. This meeting typically gathers mixture of 

researchers some of whom are experienced in the field of neutron scattering with others whose 

work may benefit from these approaches. 
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Wednesday	7	June	 Thursday	8	June	 Friday	9	June	

11:00	 Registration	 Reflectivity		 Structure	and	dynamics		

12:00	 Lunch	 08:45	 Building	and	Examining	Accurate	Models	of	the	Gram	
Negative	Bacterial	Outer	Surface	 L.	Clifton	 09:00	 Coupling	between	protein	and	hydration	

water	dynamics	 M.	Weik	

14:00	 Opening	session	 		 09:15	
Tubulin	on	Biomimetic	Mitochondrial	Membranes:	
Structural	Features	and	Identification	of	Lipid	Binding	
Domain	

D.	Hoogerheide	 09:30	
High	hydrostatic	pressure	specifically	affects	
molecular	dynamics	and	shape	of	low-
density	lipoprotein	particles	

J.	Peters	

Crystallography	I		 09:45	 Complex	model	membranes	and	neutron	investigation:	
mimes	for	cell	surface	interactions	 L.	Cantu	 09:50	

Inquiring	protein	thermal	activation	of	a	
multi-domains	protein	by	combined	
neutron	scattering	and	MD	simulations	

M.	Maccarini	

14:15	 The	intermediates	of	heme	enzymes	seen	by	NX		 P.	Moody	 10:05	 Coffee	Break	 10:10	 Structural	and	dynamic	aspects	of	charge-
modified	protein	denaturation	 O.	Matsarkaia	

14:45	 Deconvoluting	DNA	repair	complexities	with	
neutrons	 M.	Cuneo	 10:35	

Coupling	neutron	reflectivity	with	cell-free	protein	
synthesis	to	probe	membrane	protein	structure	in	
supported	bilayers	

T.	Soranzo	 10:30	 Coffee	Break	

15:15	 Structural	glycobiology	:	Sweet-talk	between	
pathogen	and	host	 A.	Imberty	 11:05	 Unravelling	clathrin-mediated	endocytosis	by	neutron	

reflectometry	 A.	Maestro	 Neutrons	and	complementary	methods		

15:45	 Neutron	crystallographic	studies	of	cancer-
related	human	carbonic	anhydrase	IX	 Z.	Fisher	 11:25	 Ultrastructure	of	an	archaeal	membrane	containing	

apolar	structural	lipids	
M.	Salvator-
Castell	 11:00	 Integrative	structural	biology	of	RNP	

machinery	in	solution	 T.	Carlomagno	

16:15	 Seeing	H-atoms	and	protons:	Enzyme	
mechanisms	and	structure-based	drug	design	 M.	Blakeley	 11:45	 Structure	and	dynamics	of	lipid	membranes	probed	by	

reflectometry	and	inelastic	scattering	 B.	Toperverg	 11:30	 Targeting	transthyretin	amyloidosis:	neutron	
diffraction	analysis	of	a	pathogenic	protein	 A.	Yee	

16:35	 Coffee	Break	 12:05	 Lunch	 11:50	
Folding,	bridging	and	compaction	of	DNA	by	
nucleoid	associated	proteins	
Hfq	and	H-NS	

J.	Van	der	Maarel	

Crystallography	&	Crystallogenesis	II		 13:05	 Visits	of	facilities	 12:10	 Snapshots	and	dynamics	of	membrane	
proteins	and	biomembranes	 P.	Nissen	

17:05	 Protein	crystallization	in	hydrogels:	a	powerful	
technique	with	multiple	alternatives	 J.	Gavira	 Small	Angle	Neutron	Scattering	 12:40	 Closing	session	 		

17:35	
Current	Challenges	of	Obtaining	Crystals	for	
Neutron	Macromolecular	
Crystallography	

M.	Spano	 14:00	 Exploring	the	Biology	of	the	Bacterial	Outer	Membrane	
with	Neutrons	 J.	Lakey	 13:00	 Lunch	

17:55	 Analysis	of	protein-ligand	hydrogen	bonding	
patterns	in	galectin-3	guides	drug	design	 D.	Logan	 14:30	 Structural	Investigations	of	Membrane	Proteins	with	

combined	SAXS	and	SANS	 L.	Arleth	 		 	 	

Crystallography	&	Instrumentation	III	 15:00	
Lipoprotein	structure	dependency	on	lipid	cargo	and	
exchange	dynamics	-	Implications	for	atherosclerosis	
development	

S.	Maric	 		 		 		

18:15	 Macromolecular	Neutron	Diffraction	at	the	FRM	
II	Neutron	Source	 A.	Ostermann	 15:30	 Using	Neutron	Scattering	in	Biology:	The	Case	for	

Membrane	Proteins	and	Lipoprotein	Particles	 M.	Cardenas	 	 	 	

18:35	 A	new	strategy	software	for	Laue	Data	Collection	 N.	Coquelle	 16:00	 Coffee	Break	 	 	 	

19:00	 Poster	Session	and	Wine	&	Cheese	buffet	 16:30	 A	New	Perspective:		The	Action	of	Volatile	Anesthetics	 M.	Weinrich	 	 	 	

	 	 	 17:00	 Time-resolved	SANS	in	the	sub-minute	range:	
observing	macromolecular	machines	at	work	 F.	Gabel	 	 	 	

	 	 	 17:20	 Analysis	of	the	3D	structure	of	dystrophin	fragments	in	
the	presence	of	isotropic	bicelles	 S.	Combet	 	 	 	

	 	 	 19:00	 Conference	dinner	restaurant	"Le	Fantin	Latour"	 	 	 	4
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Wifi network 

  
A WiFi network "EPN Visitors" is available in all EPN campus areas.  

This Wireless network is available at ILL and in common buildings on the EPN site for 

Conference participants. 

  

Please find below the login and password dedicated to the Conference: 

Once connected to the EPN Visitors network: 

  

Login: NISB2017 

Password: nisbNISB 
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The intermediates of heme enzymes seen by NX  

P. Moody 

Leicester Institute for Structural and Chemical Biology, University of Leicester, LE1 7RH UK  

peter.moody@le.ac.uk  

X-ray crystallography has given us unprecedented insight into the mechanisms of enzyme 

reactions. However, the method has important limitations. It does not show hydrogen atom 

positions reliably, even at sub-angstrom resolution. Furthermore, X-rays are ionizing and 

strongly reducing (due to the photoelectric effect). This especially complicates the 

interpretation of redox enzyme structures. Fortunately, neutron crystallography can place 

hydrogen (as Deuterium) at modest resolutions and the thermal neutrons used do not perturb 

the chemistry. However, neutron crystallography has its own problems.  

The example of the heme peroxidases will be discussed, showing how spectroscopic 

monitoring (1) of intermediate formation and stability has allowed the cryo-trapping of the 

intermediates known as Compound I (2) and Compound II (3). This has allowed the 

determination of these structures using combined neutron and X-ray crystallography methods. 

These studies have shown the nature of the ferryl heme and active site in these intermediates, 

revising the accepted enzyme mechanism.  

References 

1. A Gumiero, CL Metcalfe, AR Pearson, EL Raven & PCE Moody. The nature of the ferryl heme in compounds 

I and II. J. Biol. Chem. 286; 1260-1268. (2011) 

2. CM Casadei, A Gumiero, CL Metcalfe, EJ Murphy, J Basran, MG Concilio, SCM Teixeira,TE Schrader, AJ 

Fielding, A Ostermann, MP Blakeley, EL Raven & PCE Moody. Neutron cryo-crystallography captures the 

protonation state of ferryl heme in a peroxidase. Science 345; 193-197. (2014) 

3. H Kwon, J Basran, C Casadei, A Fielding, T Schrader, A Ostermann, JDevos, P Aller, M Blakeley, PCE Moody, 

& EL Raven (2016). Direct visualisation of a Fe(IV)-OH intermediate in a heme enzyme. Nature Communications 

7, Article number: 13445 (2016)  
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Deconvoluting DNA repair complexities with neutrons 

M.J. Cuneo 

Oak Ridge National Laboratory, Oak Ridge, TN, USA  

cuneomj@ornl.gov  

The maintenance of genomic integrity requires a series of transactions occurring between DNA 

repair enzymes, signalling proteins, and DNA. The inherently complex nature of the molecular 

machine assemblies involved in the repair of damaged DNA convolutes the analysis of the role 

an individual protein plays in the repair process. Deconvolution of the complex molecular 

architecture can be carried out with small angle neutron scattering, which allows for calculation 

of the scattering from the individual components.  Here we demonstrate a labelling strategy 

that can be used to simplify complex scattering problems into their individual constituents 

directly, without the need to back calculate the scattering from multiple measurements. This 

applied to several protein:protein:DNA complexes in the base-excision DNA repair pathway 

as an example of the utility of this method to better understand  complex molecular assemblies.  

The enzymatic processes underlying the individual repair proteins in these complexes are best 

understood at a level of detail where every atom involved in chemistry is visualized.  

Unfortunately, this mechanistic detail is lacking in regards to the protonation state of the active 

site, and key intermediates formed during the catalytic cycle, in which hydrogen bonding and 

proton movement have been proposed to play fundamental roles. The role of hydrogen atoms 

in these processes can best be revealed by neutron diffraction studies.  Although our ultimate 

aim is to capture catalytic intermediate states formed during the repair process, we have 

recently solved the first crystal structure of DNA polymerase with a mismatch in the active 

site.  In their second paper on the structure of DNA, this tautomeric state that alters hydrogen 

bonding patterns was recognized Watson and Crick as a mechanism enabling mismatches to 

assume the structure of canonical base pairs. Recent X-ray crystallographic studies have 

pursued these DNA tautomers, yet all structures lack hydrogen atoms.  Our neutron 

crystallographic studies reveal these missing hydrogen atoms and further more demonstrate 

how these cognate mimic base-pairs evade DNA repair machinery and are readily incorporated 

as mutations in the genome.   
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Structural glycobiology : Sweet-talk between pathogen and host 

A. Imberty 

CERMAV-CNRS, Grenoble, France 

Anne.Imberty@cermav.cnrs.fr 

Carbohydrates are not present only in our food, but also cover the surface of all living cells.  

The glycans have the capacity to interact with many receptors that decipher what is now called 

the glycocode. Unraveling the details of  glycan structures and of protein/glycan complexes is 

a prerequisite for understanding the biological role of glycans. Neutron structures of 

carbohydrates and of glycoconjugates fragments have been of first importance for 

undestanding the role of hydrogen bonding [1]. 

A large number of pathogenic microorganisms display receptors for specific recognition and 

adhesion to the glycoconjugates present on human tissues [2]. In addition to membrane-bound 

adhesins,  soluble lectins are involved in infections caused by the bacteria  Pseudomonas 

aeruginosa  and  Burkholderia cepacia  and by the fungus Aspergillus fumigatus that are 

responsible  for hospital-acquired diseases. Accumulated knoweldge about the structures of the 

lectins and the interactions with host glycoconjugates has lead  to the design of powerful glyco-

derived inhibitors that can serve as antimicrobial therapeutic agents, as a  complement to or an 

alternative to antibiotic therapy. Design of glycosylated chips, liposomes, fullerenes and other 

nanoglycoparticles have provided information on multivalent interaction between receptors 

and cell surfaces. This also result in development of nanomaterials that can be used in 

diagnostic applications. 

 

References 

1. G. Cioci, A. Srivastava, D. Loganathan, S. Mason, S. Pérez & A. Imberty. Low temperature neutron diffraction 

structures of N-glycoprotein linkage models and analogs: Structure refinement and trifurcated hydrogen bonds. J. 

Amer. Chem. Soc. 133, 10042-10045 (2011) 

2. J. E. Heggelund, A. Varrot, A. Imberty, U. Krengel.Histo-blood group antigens as mediators of infections. 

Curr. Opin. Struct. Biol., in press, (2017) 
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Neutron crystallographic studies of cancer-related human carbonic 

anhydrase IX. 

Zoë Fisher1,2, Katarina Koruza2, Brian Mahon3, Cynthia Okoh3, Wolfgang Knecht2, Robert 

McKenna3  

1Scientific Activities Division, European Spallation Source, Lund, Sweden; 2Biology Department & Lund Protein 

Production Platform, Lund University, Lund, Sweden; 3Department of Biochemistry and Molecular Biology, 

University of Florida, Gainesville FL, USA. 

Zoe.Fisher@esss.se  

Human carbonic anhydrase IX (HCA IX) expression in aggressive tumours, under hypoxic 

conditions, is an indicator of metastasis and poor cancer patient prognosis. As such, HCA IX 

has emerged as an important cancer imaging, diagnostic, and therapeutic target. Medicinal 

efforts to develop specific inhibitors for HCA IX are complicated by the presence of 14 other 

HCA isoforms that share both a common structural fold and exhibit high sequence similarity. 

It has been well established that ligand (inhibitor) binding to a target protein is mediated 

through numerous interactions that may include: H-bonding directly and/or through 

intervening waters, electrostatic interactions with charged or polar amino acid side chains, 

metal coordination, energetic changes through water displacement, aromatic stacking, or other 

hydrophobic interactions. Neutron diffraction offers a highly complementary approach to X-

ray methods and is a powerful tool to observe the details of ligand binding that 

involves H atoms. Our goal is to determine the atomic details of new drug leads and how they 

bind to HCA IX. Saccharin, and a saccharin-sugar conjugate (#674) was recently identified as 

a promising lead compounds in that they demonstrate some HCA IX specificity. Comparing 

neutron crystal structures of unbound and inhibitor-bound HCA IX provides a unique 

opportunity to directly investigate how these inhibitors bind through H-bonding, water 

displacement, and how the making/breaking of H-bonds modulates binding and influence 

isoform specificity. It is expected this fine structural detail, that is unique to neutron 

crystallography, can then be applied for rational drug design. 
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Seeing H-atoms and protons: Enzyme mechanisms and structure-based 

drug design 

M.P. Blakeley 

Institut Laue-Langevin, Grenoble, France  

blakeleym@ill.fr  

Neutron crystallography is an important complementary technique to X-ray 

crystallography because it provides details of the H-atom and proton (H+) positions in 

biological macromolecules and given the absence of radiation damage with neutrons the 

resulting structures are ‘damage-free’. Knowledge of the positions of the H-atoms and 

protons allows us to decipher the specific enzyme reaction pathways. Moreover, since H-

atoms are involved in drug binding, via directional H-bonding and non-directional 

hydrophobic and electrostatic interactions, knowledge of their location and movement, 

can also help guide structure based drug design.  

Although historically the study of biological macromolecules using neutron 

crystallography had been limited due to the requirement for extremely large crystals, 

recent advances in instrumentation and sample preparation now allow much smaller 

crystals and the study of larger, more complex systems [1].  

Here I will describe the on-going studies of Human immunodeficiency virus type-1 

protease (HIV-1 PR), an essential enzyme for the HIV virus life-cycle and therefore an 

important target for the development of more effective protease inhibitors in HIV 

therapy. Neutron crystallography studies have been performed using both the wild-type 

enzyme and important mutant variants, in complex with different clinical inhibitors 

(amprenavir, darunavir) and at various pH values [2-4]. This ensemble of neutron 

structures are providing advances in our comprehension of the catalytic mechanism for 

the enzyme and are allowing us to suggest ways to improve the design of the next-

generation of anti-retroviral drugs.  

References 

1. Blakeley et al., IUCrJ, 2, 464–474. (2015) 

2. Weber et al., J. Med. Chem., 56, 5631−5635. (2013) 

3. Gerlits et al., Angew. Chem. Int. Ed., 55, 4924-4927. (2016) 

4. Gerlits et al., J. Med. Chem., in press. (2017) 
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Protein crystallization in hydrogels: a powerful technique with multiple 

alternatives. 

J. A. Gavira 

Laboratorio de Estudios Cristalograficos, IACT (CSIC-UGR), Avda. Las Palmeras 4, 18100, Armilla, Spain. 

jgavira@iact.ugr-csic.es 

Crystallization in hydrogels is not a frequent practice in bio-crystallography but the benefits of 

using a polymeric media for the crystallization of macromolecules are multiple i.e. prevents 

convection and crystal sedimentation, acts as impurity filter, and have been proven to produce 

crystals of higher quality [1]. The used of hydrogels also prevents the osmotic and mechanical 

stress exerted on the crystals during handling, thus preserving the integrity of the crystals even 

when exposed to organic solvents. 

  There are many types of hydrogels (agarose [1, 5], silica [2], PEGs [3] and peptides-based 

hydrogels [4], etc.) that are compatible with protein crystallization. Among them, agarose is 

probably the most widely tested and can be used at concentrations below its critical gelling 

point, thus facilitating its mix with the protein solution [5]. Hydrogel media should also be 

taken into account not only for improving crystal quality but also to exert control over the 

nucleation and growth processes. Furthermore, gel-grown protein crystals have been recently 

shown to be excellent candidates to produce crystals of bigger size for neutron diffraction 

studies using crystals grown in agarose as seeds [6], as a media to allow crystal orientation 

under the influence of external magnetic fields [7] or even used as media for the continuous 

delivery of nano/micro-metre size crystals needed for serial femtosecond crystallography [8].  

  Protein crystals grown in situ in hydrogels offer multiple possibilities that can be exploited in 

different ways. In this lecture, I will revise the work done in our laboratory on the crystallization 

of proteins in gels of different nature and how this technique can be used to improved crystal 

quality, to obtain new polymorphs or to control nucleation density. The preservation of crystal 

integrity will be explained on the basis of the incorporation of the gel matrix within the protein 

crystals.  

References 

1. Lorber, et al., Prog. Biophys. Mol. Biol., 101, 13-25 (2009). 

2. Garcia-Ruiz, et al., Mater. Res. Bull. 33, 1593-98 (1998); Gavira et al., CG&D, 13, 2522-29 (2013). 

3. Gavira et al., CG&D, 14, 3239-48 (2014). 

4. Conejero-Muriel, et al, Chem. Commun. 51, 3862-65 (2015). 

5. Garcia-Ruiz, et al., JCG, 232, 165-72 (2001); Gavira & García-Ruiz, Acta Cryst., D58, 1653-56 (2002). 

6. Gavira et al., CG&D, 9, 2610-15 (2009); Tsukui et al., Acta Cryst. D72, 823-29 (2016). 

7. S. Sugiyama, et al., CrystEngComm, 17, 8064-71 (2015). 

8. C. E. Conrad, et al., IUCrJ, 2, 421-30 (2015). 

 

The author would like to acknowledge the support of the MICINN (Spain) project BIO2013-4297-P 

and ESRF and ALBA staff for their support during data collections and allocated time. 
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Current Challenges of Obtaining Crystals for Neutron Macromolecular 
Crystallography 
M. Budayova-Spano, N. Junius, C. Berzin, Y. Sallaz-Damaz, J.-L. Ferrer 
Institut de Biologie Structurale CEA-CNRS-Univ. Grenoble Alpes, 71 Avenue des Martyrs, Grenoble, France 

monika.spano@ibs.fr  

A rational way to find the proper conditions to grow crystal samples is to determine the 
crystallization phase diagram, which allows a punctual control of the parameters affecting the 
crystal growth process. In particular, the aim is to induct the nucleation at supersaturated 
conditions close to the solubility boundary between labile and metastable regions, by 
modulation of specific physical parameters.  
The detailed knowledge of the phase diagram is at the basis of the devices developed 
especially with the focus on Neutron Macromolecular Crystallography. The 1st generation 
instrument combines the use of temperature control and seeding and allows for grow of large 
crystals in crystallization batch. A crystallization batch in the metastable zone is seeded with 
small protein crystals. The seeds are maintained inside this region of the phase diagram for as 
long as possible by doing a temperature step each time the crystal solution equilibrium is 
achieved. The temperature steps are repeated until crystals of suitable size for diffraction 
measurement are obtained. The 2nd generation instrument adds new functionality to the first 
instrument thanks to a fluidic cell enabling to perform a temperature controlled dialysis 
crystallization experiment. The new crystal growth apparatus combines accurate temperature 
control with control of the chemical composition of the crystallization solution and therefore 
it allows very sophisticated experiments to be performed. Systematic phase diagrams in 
multi-dimensional space can be investigated using far less protein material than previously. 
We have demonstrated that it can be beneficial to provide sufficient scattering volumes for 
neutron studies that require large-volume well-ordered single crystals. Based on this macro-
scale instrument we have also conceived a miniaturizing apparatus that allows precise control 
of the experiment parameters using microfluidics. The functional microfluidic chips 
integrating microdialysis with the volume less than 1 µL have been already successfully 
tested with model proteins. The microchips are transparent to X-ray radiation and allow 
performing in situ X-ray crystallography experiments at room temperature. The recently 
developed fluidic devices, once adapted, are expected to be useful in monitoring and 
controlling the crystallization processes of challenging biological macromolecules, such as 
membrane proteins.  

 

References 

1. M. Budayova-Spano et al., A methodology and an instrument for temperature-controlled optimization of 
crystal growth, Acta Cryst. D, 63, 339-347 (2007). 

2. N. Junius et al., A crystallization apparatus for temperature-controlled flow-cell dialysis with real-time 
visualization, J. Applied Cryst., 49, 806-813 (2016). 
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Analysis of protein-ligand hydrogen bonding patterns in galectin-3 guides 

drug design 

F. Manzoni1,2,†, K. Saraboji1,10, J. Sprenger1, R. Kumar1, A.L. Noresson3, U.J. Nilsson3, H. 

Leffler4, S.Z. Fisher5,11, T. Schrader6, A. Ostermann7, L. Coates8, M.P. Blakeley9, E. 

Oksanen1,2 & Derek T. Logan1 

1Biochemistry & Structural Biology, Dept. of Chemistry, Lund University, Sweden; 2Instrument Division, 

European Spallation Source ERIC, Lund, Sweden; 3Centre for Analysis and Synthesis, Dept. of Chemistry, Lund 

University, Sweden; 4Dept. of Laboratory Medicine, Section MIG, Lund University, Sweden;  5Los Alamos 

National Laboratory, NM, USA; 6Jülich Centre for Neutron Science (JCNS) at Heinz Maier-Leibnitz Zentrum 

(MLZ), Forschungszentrum Jülich GmbH, Garching, Germany; 7Heinz Maier-Leibnitz Zentrum (MLZ), 

Technische Universität München, Germany; 8Biology and Soft Matter Division, Oak Ridge National Laboratory, 

Oak Ridge, TN, USA; 9Institut Laue-Langevin, Grenoble, France 
†Passed away on 12th March 2017 

derek.logan@biochemistry.lu.se  

Galectin-3 is an important protein in molecular signalling events involving carbohydrate 

recognition, and an understanding of the hydrogen-bonding patterns in the carbohydrate 

binding site of its C-terminal domain (galectin-3C) is important for the development of potent 

new inhibitors. We are studying these patterns using neutron crystallography. We present 

neutron crystal structures of galectin-3C in three states: apo, in complex with the natural 

substrate lactose and with glycerol. These structures reveal the exquisite tailoring of the 

carbohydrate recognition site to recognise the hydrogen bonding patterns presented by 

galactose and glucose moieties in unstrained conformations. Comparison of the glycerol and 

lactose structures reveals the possible importance for molecular recognition of a hydrogen bond 

from arginine to the cyclic oxygen atom of galactose. The apo structure shows that, though 

water molecules occupy the positions of the most important oxygen atoms of the ligand1, not 

all hydrogen bond directionality is preserved when the oxygen atoms are unconstrained by 

being “locked” in the ligand. These insights have implications for ongoing design of potent 

inhibitors of galectin-3C interactions. 

We will also present briefly some of the work required to achieve these structures, e.g. 

successive improvement in crystal size for perdeuterated galectin-3C by development of a 

crystal growth protocol involving feeding the crystallisation drops2. The larger crystals resulted 

in improved data quality and reduced data collection times. In order to obtain apo-galectin-3C, 

we also developed protocols for complete removal of the lactose necessary for production of 

large crystals. For the structures presented here, we collected five datasets at three different 

neutron sources from crystals of similar volume. We could merge two of these to generate an 

almost complete data set for the lactose complex. These datasets give insights into the crystal 

volumes and data collection times necessary for the same system at sources with different 

technologies and data collection strategies, and these insights are applicable to other proteins.  

References 

1. K. Saraboji, M. Håkansson, S. Genheden, C. Diehl, J. Qvist, U. Weininger, U.J. Nilsson, H. Leffler, U. Ryde, 

M. Akke & Logan DT. The carbohydrate-binding site in galectin-3 is pre-organized to recognize a sugar-like 

framework of oxygens: ultra-high resolution structures and water dynamics. Biochemistry 51, 296–306 (2012) 

2. F. Manzoni, K. Saraboji, J. Sprenger, A.L. Noresson, U. Nilsson, H. Leffler, Z. Fisher, T. Schrader, A. 

Ostermann, L. Coates, M.P. Blakeley, E. Oksanen & D.T. Logan. Perdeuteration, crystallisation, data collection 

and comparison of five neutron diffraction datasets of human galectin-3C. Acta Crystallogr. D. Biol. Crystallogr. 

72, 1194-1202 (2016) 
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Macromolecular Neutron Diffraction at the FRM II Neutron Source 
A. Ostermann 
Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universität München, Lichtenbergstraße 1, Garching, 
Germany 

Andreas.Ostermann@frm2.tum.de  

Neutron single crystal diffraction provides an experimental method for the direct location of 
hydrogen and deuterium atoms in macromolecules, thus providing important complementary 
information to that gained by X-ray crystallography. At the FRM II neutron source in Garching 
near Munich the single crystal diffractometer BIODIFF, a joint project of the 
Forschungszentrum Jülich and the FRM II, is dedicated to structure determination of biological 
macromolecules. Typical scientific questions address the determination of protonation states 
of amino acid side chains, the orientation of individual water molecules and the 
characterization of the hydrogen bonding network between the protein active centre and an 
inhibitor or substrate. This knowledge is often crucial towards understanding the specific 
function and behaviour of a protein. BIODIFF is designed as a monochromatic diffractometer 
and is able to operate in the wavelength range of 2.4 Å to about 5.6 Å. This allows to adapt the 
wavelength to the size of the unit cell of the sample crystal. Data collection at cryogenic 
temperatures is possible, allowing studies of cryo-trapped enzymatic intermediates. Some 
recent examples will be presented to illustrate the potential of neutron macromolecular 
crystallography. 
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Recent developments in neutron crystallography, in particular improvements in neutron 

instrumentation and perdeuterated sample preparation, have dramatically lowered the sample 

volume requirements to ~0.1mm3 and data collection times to just a few days. However, 

exposure times are still relatively long, and each crystal orientation should be optimised to 

substantially improve data completeness. While data collection strategy software are 

available for monochromatic beams, no such tools were available for pink/white beams until 

now. The new python software I developed can, based on the beam bandwidth and crystal 

characteristics, suggest the best successive crystal orientations to optimize data collection. 

Until now, crystal orientation is only possible along the goniometer rotation axis, but further 

development is foreseen to optimize crystal orientation in 3D, using the geometry of the 

mini-kappa MK3 goniometer1. Also, the software has been designed for the neutron Laue 

diffractometer LADI III, but different geometries (in particular other detectors) could be 

easily implemented to be used in other facilities. 
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Neutron scattering techniques have a unique capability to examine complex bio-mimetics in 

environments which closely resemble those in vivo. However, to fully exploit the ability of 

neutrons to detail bimolecular processes involves the production of increasingly advanced 

model biology.  

Gram-negative bacteria are of particular biomedical and technological interest due to their role 

in disease, the increasing antibiotic resistance of some species and their utility in many 

biotechnological processes. The Gram- negative bacterial outer membrane is asymmetric in its 

lipid composition with a phospholipid-rich inner leaflet and an outer leaflet predominantly 

composed of lipopolysaccharides (LPS). LPS is a polyanionic molecule, with numerous 

phosphate groups present in the Lipid A and core oligosaccharide regions.  

We have engaged in a series of studies aimed at reproducing a structure of the Gram negative 

bacterial outer membrane on a solid substrate in such a way that the in vivo architecture is 

accurately mimicked. These studies began as examinations of LPS monolayers at the air/water 

interface (1), progressing to asymmetric bilayers at the solid/liquid interface (2)(3) and free 

floating asymmetric membranes above a lipid coated gold surface (4). These membrane models 

have provided new insights into the OM and interactions with it; from the role of the 

lipopolysaccharide polysaccharide chains in blocking antimicrobial protein binding (5) to 

describing the importance of divalent cations in stabilising the OM (3)(4).  

Recently we have engaged in studies testing the role of membrane lipid phase transitions and 

the incorporation of integral membrane proteins into these bio-mimetic membrane models. We 

have also engaged in efforts to gain greater structural insights from NR data from these systems 

by developing methods to fit data using MD simulations.  
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Dimeric tubulin, an abundant cytosolic water-soluble protein, has emerged as an important 

regulatory factor of the permeability of the voltage-dependent anion channel (VDAC) in the 

mitochondrial outer membrane, with implications for mitochondrial energetics as well as the 

Warburg effect observed in cancer cells. A wealth of recent in vitro and in vivo evidence points 

to a mechanism of this regulation in which a charged C-terminal tail of tubulin occupies the 

water-filled VDAC pore, thus blocking metabolite fluxes through this passive transport 

channel. The membrane-binding properties of tubulin have proven difficult to ascertain, as 

early work generated contradictory results regarding the tubulin-membrane association, 

including whether it was integral or peripheral in nature. Here we report on a comprehensive 

biophysical study of tubulin binding to biomimetic lipid membranes with compositions that 

mimic the mitochondrial outer membrane. A combination of surface plasmon resonance, 

bilayer overtone (second harmonics) analysis, and single-channel recordings show that tubulin 

distinguishes between lamellar and non-lamellar lipid components of the membrane. A 

multisite binding model captures the essential features of the lipid-dependent binding and 

allows an estimation of the free energy of binding. To obtain the structural features of the 

tubulin heterodimer on the membrane surface, we have employed neutron reflectometry (NR) 

of tubulin on a tethered bilayer lipid membrane platform. The NR results definitively show that 

tubulin binds peripherally, and in combination with molecular dynamics (MD) simulations 

suggest the binding domain to be a highly conserved amphipathic α-helix on α-tubulin. Thus 

tubulin joins a short but growing list of amphitropic proteins that target cell and organelle 

membranes by sensing lipid packing defects via amphipathic α-helices, suggesting a pathway 

by which lipid homeostasis regulates mitochondrial function. 
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Biomembranes are complex objects made by several different molecular species. One of their 

most significant complexities is compositional asymmetry. Regions exist where asymmetry, 

both lateral and transverse, is a key factor, as in rafts, membrane domains involved in cell 

recognition and signalling. There the phospholipid matrix is enriched in cholesterol and 

glycosphingolipids, the uneven disposition of which is known or claimed to be associated to 

functional and structural roles. Nonetheless, membranes asymmetry is often an 

underestimated feature and hard to reproduce in mimics. We developed experimental models 

bearing forced membrane leaflets asymmetry, in the form of disperse aggregates in solution 

or of single supported or floating bilayers, reproducing a key feature of rafts. These models 

are suitable to be investigated by light, neutron and x-ray scattering and reflectivity, able to 

access the typical lenghthscale of membranes, from colloidal to local, exploiting the specific 

advantages of the employed radiation. By light scattering, we found that the asymmetric 

disposition of GM1 ganglioside, a typical raft glycosphingolipid, softens a phospholipid 

membrane, while hardening occurs if ideal mixing is allowed [1]. On the other hand, we used 

reflectometry to access the cross structure of raft-mimes [2]. Notably, we experimentally 

assessed that the presence of GM1 forces asymmetry in the cross distribution of cholesterol, 

thus proving that the two molecular species constitute a structural unit [3][4]. Also, neutron 

investigation allowed us to address the structural response of raft-mimes to approaching 

proteins and enzymes. As an example, we found that the Aβpeptide-membrane interaction 

depends both on the peptide aggregative state and on the specific membrane composition [5]. 

The advantages connected to the peculiar H-D isotope different visibility, meanwhile 

avoiding radiation damage, makes neutrons a powerful tool to shed light on the structural 

interference occurring upon a variety of molecule-molecule and molecule-membrane 

interactions. 
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Structural characterization of membrane proteins involves many challenges ranging from 

protein synthesis, to solubilisation, to crystal formation. While x-ray crystallography is 

capable of obtaining the highest resolution, difficulty in growing suitable crystals is the major 

bottle-neckfor determining membrane protein structures. Circumventing this issue, lower 

resolution NMR spectroscopy, electron microscopy, and small angles neutron and x-ray 

scattering techniques have proven extremely valuable. However, in order to solubilize the 

membrane protein, many studies using these methods are performed in either detergents or 

non-physiological lipids to mimic the cellular membrane. Here, we used cell-free protein 

synthesis to directly incorporate the hepatitis C virus (HCV) p7 protein into supported lipid 

bilayers formed from physiologically relevant lipids 

(POPC or asolectin) for both direct structural 

measurements using neutron reflectivity (NR) and 

conductance measurements using electrical impedance 

spectroscopy (EIS). We report that HCV p7 from 

genotype 1a H77 adopts a conical shape within lipid 

bilayers and forms a viroporin upon oligomerization 

confirmed by EIS conductance measurements. This 

represents a novel approach to the study of membrane 

proteins and, through the use of selective deuteration of 

particular amino acids, has the promise to become a 

powerful tool for characterizing the protein 

conformation in physiologically relevant environments 

and for the development of biosensor applications. 

 Figure 1: Schematic of the sample 

configuration for the neutron reflection 

studies and EIS. 
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Clathrin-mediated endocytosis is a crucial cell biology process allowing internalization of 

many cell-surface proteins, and other cargo, in eukaryotes. Clathrin-coated vesicles (CCVs) 

are assembled with their cargo at the plasma membrane, then transport to the early endosome 

inside the cell. A CCV consists of a clathrin scaffold coating a lipid vesicle, in which the cargo 

is embedded, linked by adaptor proteins that are associated with effectors of CCV assembly, 

stability and disassembly. Owen’s team recently determined that a single adaptor protein AP2 

is sufficient to initiate and drive clathrin-coated bud formation on appropriate membranes, 

enriched in PtdIns(4,5)P2. [1,2]  

In vivo, AP2 interacts solely with one leaflet of the cellular membrane. Therefore, an 

alternative valid model system is to explore clathrin assembly on a flat lipid surface (in our 

case a Langmuir monolayer). This allows us to probe the system with a set of state-of-the-art 

characterization methods typical of soft matter and physical chemistry, including neutron 

reflectometry, interfacial tensiometry and rheology. We thus have been able to analyse the first 

stages of CCV assembly by using cargo embedded in a lipid monolayer [3]. We show here in 

particular the influence of AP2, and subsequently the clathrin scaffold, on the composition, 

structure and mechanics of the complex layer that self-assembles in stages.  
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In recent neutron diffraction results, we have shown the validity of a new archaeal membrane 

architecture using synthetic archaeal lipids with inserted apolar lipid squalane. The results 

allow us to confirm that apolar lipids are situated in the inner plane of the bilayer membrane 

composed of archaeal lipids. We will discuss the impact of hydration and temperature on the 

self-organization of archaeal lipids and the membrane parameters in absence and in presence 

of squalane. 

 

 

The results are in accordance with the new model of archaeal membrane ultrastructure 

proposed by us [1]. Synthesis of non-polar lipids represent a significant proportion of lipids in 

temperature adapted (thermophilic) Archaea that synthesize little or no bipolar lipids, which 

strongly suggests a role in membrane structure [2]. The presence of apolar lipids is thought to 

reduce the membrane permeability to ions and to increase membrane rigidity, which therefore 

could explain the extreme temperature and pressure resistance of the archaeal membrane 

formed only by monopolar lipids [1,3].  

Bipolar lipids self-assemble forming monolayers, which are more tightly packed and cope 

better with extreme conditions than lipid bilayers formed by monopolar lipids. These bipolar 

lipids seemed therefore to be the main adaptive strategy of cells to maintain functional 

membranes under extreme stress. However, the absence of bipolar lipids on several 

hyperthermophilic Archaea has challenged this view. 
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Figure 1.Membrane model for the archaeon T.barophilus.  

Bipolar lipids (monolayer), monopolar lipids (bilayer) and 

the apolar lipids situated in the inner plane of the bilayer 

compose the membrane [1]. 
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During last decades neutron scattering has unambiguously demonstrated potentials as one of 

the most efficient probes of intrinsic organization and basic physical properties of lipid 

membranes at various environmental conditions. A sufficiently high and readily variable 

scattering contrasts make Neutron Reflectometry (NR), off-specular and Grazing Incidence 

Small Angle Scattering (GISAS) [1], as well as neutron and X-ray spectroscopy [2], a set of 

tools suitable to study tiny structural details, phase transformations and excitation spectrum 

of lipid bi-layers self-assembled into planar periodic heterostructures on a solid substrate, or 

even a single lipid membrane near its equilibrium with aqueous surrounding [3]. One of the 

main advantages of methods listed above is that they require much less scattering material 

than conventional neutron and X-ray SAS: usually samples used in reflectometry are 

prepared in the form of films with thickness between a few nano-  up to a few micro-meters 

and the area of a few cm squared. The other advantage is that planar kinematics significantly 

reduces a number of degrees of freedom simplifying analysis of data acquired over a broad 

dynamical range. This may be of a particular importance for hardly crystallizable membrane 

proteins which cannot be studied with a conventional neutron or X-ray 3D diffraction. 

Membrane-protein complexes, however, can be readily deposited onto an artificial periodic 

greed forming a 2D periodic template which can be then used as a platform for Grazing 

Incidence Diffraction (GID).           

Latest results and developments related to e.g. membrane interaction with cholesterol, 

proteins and, especially, foreign agents such as magnetic nano-particles subjected to periodic 

r.f. field [4] are briefly overviewed. Further perspectives and challenges for neutron 

scattering applications in the field are outlined.                
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Gram-negative bacteria include the agents responsible for meningitis, plague, Legionnaire’s 

Disease, gonorrhoea, urinary tract infections, pneumonia, cholera and sepsis. They possess a 

characteristic outer membrane (OM) which, by acting as a molecular sieve, controls access to 

the more fragile inner membrane. This OM is an unusual asymmetric bilayer with an external 

monolayer of lipopolysaccharide (LPS) and an inner layer of phospholipids. The LPS layer is 

rigid and stabilized by divalent cationic cross-links between phosphate groups on the core 

oligosaccharide regions. Long polysaccharide chains present a significant hurdle to the entry 

of large or hydrophobic agents whilst the tightly packed acyl chains prevent the entry of water 

soluble molecules. This means that the OM is robust and highly impermeable to toxins and 

antibiotics. Access to the periplasm, between the membranes, is controlled by integral outer 

membrane proteins (OMP) which filter molecules by size or by selective uptake of desirable 

larger molecules such as vitamins and sugars. This unique structure is the first line in the 

resistance of bacteria to antibiotics and our goal is to understand its structure and stability. My 

lecture will show how neutrons, with their ability to distinguish different molecular contrasts, 

can provide information unavailable from other techniques. Using fully asymmetric models of 

the OM, developed in collaboration with Luke Clifton at ISIS we have investigated the forces 

which maintain the OM structure and demonstrated the importance of divalent cations in the 

membrane stability. The effects of antimicrobial proteins and peptides have been observed 

using neutron reflectivity. These data provide a clearer picture of the various ways in which 

such interactions can alter or destabilise the OM. Colicin N shows specific interactions with 

LPS sugars whilst lactoferrin penetrates the lipid core. The OM is stabilised by specific 

membrane protein-LPS interactions and we have revealed the detail of these binding sites by a 

combination of in vivo and in vitro studies using biochemistry, X-ray crystallography and 

SANS. This reveals the critical associations which enable OMP folding and prevent antibiotic 

penetration.  
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During the previous 6-8 years my research group has focused on developing approaches for 

investigating membrane proteins under solution conditions with combined Small-Angle 

Neutron Scattering (SANS) and Small-Angle X-ray Scattering (SAXS). Different 

reconstitution platforms including nanodiscs, small peptide based discs and more simple 

detergent based systems are being evaluated in combination with the development of 

modeling based data analysis software with the goal of enabling the investigation of the 

solution structure of a general membrane protein as well as it’s surrounding lipid membrane 

environment. As a central part of the endeavour, neutron contrast variation approaches are 

being investigated in close collaboration with the D-lab’s at ILL, Grenoble and at ANSTO, 

Sydney. A brief overview of the results obtained so far and our ongoing work will be 

presented. Overall, it is shown that the small-angle scattering based approach holds 

perspectives for investigating both the flexibility and dynamics of membrane proteins in a 

native-like lipid environment and that the methods are now matured to a level where it is 

possible to move into much more problem-driven research in close collaboration with users 

from the biology community.  
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Atherosclerosis and related cardiovascular disease constitute the leading cause of death in 

westernized societies (1). In atherosclerosis, plaques of fat and fibrous elements accumulate in the 

arteries leading to heart disease and stroke (2). The levels of different plasma lipoprotein particles, 

low density lipoprotein (LDL), oxidized LDL (oxLDL), high density lipoprotein (HDL), lipids and 

cholesterol have been associated with the disease and are therefore currently being used as key clinical 

markers (3). However, the impact that the apolipoprotein isoform, the apolipoprotein oxidation state, 

the lipid cargo and the presence of divalent ions have on the structure and stability of the lipoprotein 

particles is still not fully known. Together with their subsequent effects on lipoprotein interactions 

with blood vessel components these parameters need to be thoroughly investigated in order to 

understand the molecular mechanisms behind the initial events of plaque-build up. This can in turn 

allow for the development of novel strategies for the diagnostics and treatment of cardio-vascular 

disease. Here we use small-angle x-ray scattering and small-angle neutron scattering in combination 

with selective deuteration to provide novel information on both structure of the lipoproteins and the 

molecular exchange which occurs between lipoprotein particles and cell-membrane mimics. Focusing 

on the lipid exchange kinetics between both native HDL and LDL and liposomes made of “invisible” 

PC lipids (4) we show that the apolipoprotein plays a key role in enhancing lipid exchange. 

Furthermore, we present a novel structural model for LDL (5)and the effects that temperature and 

oxidation have on the particles overall structure as well as on the organization of their hydrophobic 

core and which now allows us to start relating the specific structural changes with the observed lipid 

exchange.  

Acknowledgements The authors acknowledge financial support from Swedish Research Council and 
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The interest in biomimetic membrane development has increased lately, in part due to the 

consensus that lipid function goes beyond cell compartmentalization: Lipids are not only the 

main barrier to reach the cell but also they can regulate membrane protein function. The exact 

lipid composition of each type of cell is complex and varies significantly depending on the type 

of cell and/or organism. The complexity in lipid composition can be taken down into two basic 

physical chemical aspects: charge and fluidity. In my group, we use biomimetic membranes to 

study two particularly challenging scientific cases in Life Science: membrane proteins and 

lipoproteins. Membrane proteins only exist in a fully functional environment in the lipid 

bilayer, and are the main target of pharmaceutical drugs. Thus, a major challenge is the need 

to use biomimetic surfaces for in situ studies on the effects of protein function/structure in a 

native like environment. Lipoproteins, on the other hand, are the main carriers of fat in the 

body and constitute the main clinical markers for the risk to develop atherosclerosis. Despite 

the importance of mapping lipid dynamics between lipoproteins and cell membranes, only few 

studies to date address this point likely due to the system’s complexity. We have developed 

methodologies to study lipid dynamics between lipoproteins and model cellular membranes 

that now can be applied to systematically assess, for example, the role of lipoprotein type. In 

this talk I will present the efforts done in my group to develop biomimetic systems to study 

lipid effects on membrane protein structure and lipoprotein dynamics. 

 

29



A New Perspective:  The Action of Volatile Anesthetics 

Michael Weinrich and David Worcester 

Eunice Kennedy Shriver Institute of Child Health and Human Development, Bethesda, MD, USA                  

NIST Center for Neutron Research, Gaithersburg, MD, USA 

Mw287k@nih.gov  

Volatile anesthetics have been in clinical use for 175 years, yet their molecular mechanisms 

of action remain obscure.  Much attention has focused on ion channel binding sites, inspired 

by the findings that intravenous anesthetics, e.g. barbiturates, bind specifically to GABA 

receptors.  Volatile anesthetics are now known to affect many ion channels, including 

neurotransmitter receptors.  This may account for some of their anesthetic actions, but not 

pressure reversal of anesthesia.  Inhomogeneity in membranes, especially as described by the 

concept of lipid rafts, motivated a new look at possible roles of lipids and lipid-protein 

interactions in the action of volatile anesthetics. 

Using X-ray and neutron diffraction on multi-layers of complex lipid mixtures that exhibit 

lateral phase separation into liquid ordered (Lo) and disordered (Ld) domains, we 

demonstrated that anesthetics at clinically relevant concentrations shift equilibria to more 

disorder.  The effect scales with concentration, and occurs with halogenated anesthetics, 

hexane, nitrous oxide, and xenon (Fig. 1).1 Using small angle neutron scattering with contrast 

variation and DOPC/d-DPPC/cholesterol vesicles we demonstrated that hydrostatic pressure 

reverses the mixing induced by temperature.  The magnitude of pressure (100 atmospheres) 

corresponds to that required for reversal of anesthesia (Fig.2).2 Finally, using 

electrophysiology on planar bilayers of a lipid raft mixture, we demonstrate that domains 

affect ion channel function, thus linking the physical effects seen in scattering studies with 

physiology.  

 

Figure 1 MAC = minimal alveolar concentration Figure 2 𝑄 =  ∫ 𝐼𝑞2 
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We present a combination of small-angle neutron scattering, deuterium labelling and contrast 

variation, temperature activation and fluorescence spectroscopy as a novel approach to obtain 

time-resolved, structural data individually from macromolecular complexes and their 

substrates during active biochemical reactions. The approach allowed us to monitor the 

mechanical unfolding of a green fluorescent protein model substrate by the archaeal AAA+ 

PAN unfoldase on the sub-minute time scale. Concomitant with the unfolding of its substrate, 

the PAN complex underwent an energy-dependent transition from a relaxed to a contracted 

conformation, followed by a slower expansion to its initial state at the end of the reaction. The 

results support a model in which AAA ATPases unfold their substrates in a reversible power 

stroke mechanism involving several subunits and demonstrate the general utility of this time-

resolved approach for studying the structural molecular kinetics of multiple protein 

remodelling complexes and their substrates on the sub-minute time scale. 
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The protection of cell membrane against shearing stress is ensured by cytoskeletal 
proteins. Among them, dystrophin1 plays a key-role in muscle, and its absence leads to the 
severe Duchenne Muscular Dystrophy (DMD), whereas its deficiency causes heterogeneous 
Becker Muscular Dystrophy (BMD). Exhaustive knowledge of dystrophin membrane 
interaction is needed to help for gene therapy strategies devoted to DMD or BMD. 
Dystrophin is a large (427 kDa), monomeric, amphipathic, and fibrous protein, whose 
structural analysis is not accessible by NMR or X-ray crystallography due to its size and its 
flexibility. Nevertheless, its three-dimensional structure is being elucidated through the 
combined use of SAXS and molecular modeling2. Previous work highlighted that the 
interfacial properties of dystrophin are modulated according to the region of the protein 
involved, the nature of lipids, as well as the membrane curvature, that play key-roles in the 
physiology of the muscle cell3, 4. To understand what might be the role of these interactions in 
vivo, we aim to determine the structure and the interaction mode of dystrophin fragments in 
the presence of the bicelle membrane mimic. To carry out this project, SAXS and SANS data 
are coupled to molecular modeling (Figure) in order to propose suitable all-atom models of 
dystrophin fragments bound to membrane lipids. 
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Figure. Graphical overview of 
the strategy employed. Left: 
SANS intensity measured (D22, 
ILL) for DYS R1-3 dystrophin 
fragment with (blue, bellow) or 
without contrast-matched 
deuterated bicelles (green, 
above). Middle: R1-3/bicelle 
coarse-grained molecular 
dynamics simulation. Right: 
SEC-SAXS intensity measured 
(SWING, SOLEIL) for R1-
3/bicelle macrocomplex. 
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As molecular workhorses, proteins fulfil a multitude of tasks that keep the complex 

machinery in biological cells alive. In order to be biologically active, most soluble proteins 

require their surface to be covered with water. This so-called hydration water is generally 

acknowledged to enable a protein to undergo the internal motions that are so fundamental for 

its capacity to fulfil a specific biological function. Incoherent neutron scattering (INS) in 

combination with selective deuterium labelling is a powerful tool that puts the focus either on 

protein or on water motions on the ns-ps time scale and allows their dynamic coupling to be 

studied. This coupling proves to decrease in tightness from intrinsically disordered, via 

globular-folded to membrane proteins and is modified upon protein fibrillation [1]. Thus, 

there exists a gradient of coupling with hydration-water motions across different protein 

classes and different aggregation states. In particular, it is the translational diffusion of 

hydration-water molecules on the protein surface that enables functionally-relevant motions 

[2].  

These pieces of research are the fruit of collaborations with colleagues whose names appear 

in references 1 and 2. We are deeply indebted to them. 
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Lipid composition of human low-density lipoprotein (LDL) and its physicochemical 

characteristics are relevant for proper functioning of lipid transport in the blood circulation. To 

explore dynamical and structural features of LDL particles with either a normal or a 

triglyceride-rich lipid composition we combined coherent and incoherent neutron scattering 

methods [1]. The investigations were carried out under high hydrostatic pressure (HHP), which 

is a versatile tool to study the physicochemical behaviour of biomolecules in solution at a 

molecular level. Within small angle neutron scattering and spectroscopy techniques, we applied 

HHP to probe the shape and degree of freedom of the possible motions (within the time 

windows of 15 and 100 ps) and consequently the flexibility of LDL particles. We found that 

HHP does not change the types of motion in LDL, but influences the portion of motions 

participating. Contrary to our assumption that lipoprotein particles, like membranes, are highly 

sensitive to pressure we determined that LDL copes surprisingly well with high pressure 

conditions, although the lipid composition, particularly the triglyceride content of the particles, 

impacts the molecular dynamics and shape arrangement of LDL under pressure. 
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Thermophilic organisms grow at temperatures higher than normal ambient condition, up to 

100° C. Their molecular machinery is suited to function at these extreme temperatures. 

Although very appealing for chemical and medical applications the microscopic origin of the 

protein thermostability remains unclear. Along the years several molecular/thermodynamic 

mechanisms have been proposed to explain the surprising resistance of thermophiles to elevate 

temperatures, but the mechanism at the base of thermostability of proteins is still controversial.  

To understand the processes that govern of stability and function of protein belonging to 

thermophilic bacteria, we combined quasi elastic neutron scattering (QENS) studies with 

atomistic molecular dynamics simulations (MD) on two tetrameric homologous proteins which 

display different thermal properties: namely the lactate dehydrogenase (LDH) from rabbit and 

the malate dehydrogenase (MDH) from the archaeaon Methanocaldococcus jannaschii.  

We will present here the Neutron Spin Echo (NSE) spectroscopy combined with MD on the 

LDH to uncover the characteristic length- and time-scales associated to the thermal activation 

of the functional modes and conformational changes of this enzyme [1]. We observed that the 

modes involving the catalytic loop and the mobile region around the binding site become 

activated at room temperature. These modes match the allosteric reorganisation of bacterial 

LDHs. We found that in a temperature window of about 15 degrees, these modes make the 

protein flexible enough and capable of reorganising the active site toward a functional 

configuration. Our study showed that temperature regulates the functionality of the rabbit LDH 

as the allosteric mechanism does for the homologues bacterial variants of the protein, and long-

range inter-domain motions are key factors for this regulation.  
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Proteins undergo an elaborate folding process to acquire their native structure which can be of 

tremendous importance to their biological function. Protein mis- or unfolding, in turn, plays a 

vital role in conditions such as Alzheimer’s or Huntington’s diseases [1]. Thermal denaturation 

of proteins allows for specific studies of protein unfolding. Moreover, additives such as 

different salts or (cold) denaturing agents, e.g. urea, influence the pathways and kinetics of 

thermal protein denaturation. Studies of protein unfolding in the presence of such agents can 

therefore provide valuable information on the organisation of protein structure, the interactions 

between proteins and denaturing agents and pathways towards protein misfolding in vivo. Here, 

we present a comprehensive study of thermal denaturation of bovine serum albumin (BSA) in 

the presence of NaCl, urea and the trivalent salt YCl3 combining static information from small-

angle neutron scattering (SANS), dynamic data measured by quasi-elastic neutron scattering 

(QENS) and thermodynamic data from differential scanning calorimetry (DSC). While urea 

and NaCl interact non-specifically with BSA, our recent work shows that YCl3 interactions 

with BSA are highly specific and induce a rich phase behaviour including clustering and phase 

separation [2]. Indeed, our SANS data illustrate that thermally denatured BSA-YCl3 systems 

form large, rough structures due to cation-mediated protein-protein bridging, whereas the same 

systems denatured in the presence of urea feature smaller, linearly extended structures, pointing 

towards amorphous aggregation. In addition, we observe a clear trend towards decreasing 

correlation lengths with increasing BSA concentration, indicating the emergence of a crowded 

gel-like protein network. We also discuss the structural information in the context of the 

associated temperature-dependent hierarchical molecular mobility explored with the novel 

inelastic fixed-window technique [3,4], which complements the established elastic fixed-

window method [5]. Finally, we attempt a comprehensive discussion of charge-modified 

protein folding and unfolding. 
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Recent technical advancements have overcome the molecular-weight limits of traditional NMR 

methods. The most prominent example is the use of isoleucine, leucine and valine (ILV-) 

methyl groups as probes, which can provide inter-subunit distances even for molecular 

machines as large as hundreds of kDa.  

During the past decade, a handful of integrative computational tools have been introduced that 

can accurately translate such sparse information into structures [1]. Though, as most of these 

tools were developed in a case-specific 

manner, there is still an ongoing demand for 

a standardized integrative computational 

method (Fig. 1). Here we present a general 

integrative modeling framework that can deal 

with molecules of different nature (e.g. 

proteins, nucleic acids) and make use of 

diverse distance and/or proximity 

information to determine the structures of 

supramolecular assemblies. Our framework 

includes (i) extension of the well-known 

integrative computational tool HADDOCK, 

such that it can address supramolecular 

complexes having >>6 components; (ii) 

proof-of- concept incorporation of various 

(CSP, NOE, PRE) ILV-methyl distances, which is demonstrated on a realistic benchmark 

spanning from 85kDa to 450kDa; (iii) a new approach to score different conformers of large 

assemblies with respect to the experimental data; (iv) a statistical analysis to evaluate the fitness 

of the data. This approach will be demonstrated on the example of protein-protein and protein-

RNA complexes, whose structure is obtained by a powerful combination of solution-state NMR 

and small angle neutron scattering (SANS).  
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Figure 1: Integrative structural biology scheme 
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Human transthyretin (TTR) is a 55 kDa homotetramer plasma transport protein for thyroxine 

T4 and for retinol, through the association with retinol binding protein, in the blood and 

cerebrospinal fluid. TTR mutants have been implicated in familial amyloid polyneuropathy 

(FAP), a life-threatening multisystem disorder characterised by extracellular depositions of 

amyloid fibrils. It is an irreversible and progressive disease and is fatal within 10 years of onset. 

There are currently more than 80 pathogenic mutations reported for TTR. These mutations alter 

the protein stability leading to tetramer dissociation and favouring an abnormal monomeric 

structure, which in turn polymerises into unknown intermediates and finally into amyloid 

fibrils. 

The crystal structures for a large number of stabilising and destabilising mutants have been 

solved using X-ray over the years. However they have been found to be strikingly similar, thus 

suggesting that gross structural differences cannot explain the wide phenotypic variations 

between mutated TTRs. Neutron protein crystallography is a powerful tool that strongly 

complements X-ray structural studies by revealing key details of hydrogen atom interactions 

within the protein. We have collected high-resolution neutron data from two TTR mutants – 

S52P, a highly unstable mutant, and T119M, a superstable mutant that is resistant to amyloid 

formation. By comparing the structures of the mutants with that of the WT, we have identified 

key water molecules in each monomer, explaining higher stability of monomer A. We have 

also been able to locate specific regions in the S52P structure which are highly destabilised, 

based on the susceptibility to H/D back-exchange. Combining neutron crystallography, native 

mass spectrometry, and other biophysical analyses, we have gained new insights into TTR 

tetramer stability and amyloid formation mechanism.  
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Nucleoid Associated Proteins (NAPs) play a key role in the folding, compaction and expression 

of the prokaryotic genome. We have investigated two exemplary NAPs, that is Hfq and H-NS. 

Hfq and H-NS are structurally different proteins. Hfq takes the form of a hexameric torus with 

six protruding C-terminal regions. H-NS exists as a dimer as well as higher oligomeric forms. 

Hfq is a bacterial pleiotropic regulator that mediates several aspects of nucleic acids 

metabolism. It notably influences translation and turnover of RNAs, but it also known to 

associate with double stranded DNA in vivo and in vitro. H-NS binds on double stranded DNA 

to form a semi-rigid nucleoprotein filament, increases the thermal stability of the duplex, and 

inhibits transcription. Both proteins are thought to be involved in the compaction of DNA by 

bridging interaction, but the structural basis is unclear.  

Here, we focus on protein-mediated compaction of DNA and how this is related to protein 

structure. Various experimental technologies, including fluorescence microscopy imaging of 

single DNA molecules confined inside nanofluidic channels, atomic force microscopy, 

isothermal microcalorimetry, electrophoretic mobility assays, and small angle neutron 

scattering have been used to follow the assembly of Hfq and H-NS on DNA. Our results show 

that these proteins form a nucleoprotein complex, change the mechanical properties of the 

double helix and compacts DNA into a condensed form. Results are discussed in regard to a 

disparity in structural basis of the bridging interaction, with important implications for protein 

binding related chromosome organisation.  
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Learning from the materials sciences, neutron scattering studies offer also many unique 

possibilities in structural biology. Neutron crystallography has well-established applications 

in detailed studies of e.g. metal centers, solvent interactions, hydrogen bonding and 

protonation states of biomolecules, but for membrane proteins the use has been limited due to 

many restrictions imposed by these challenging targets, such as low expression levels, 

instability and high flexibility outside lipid bilayers, small crystals, and poor diffraction 

properties compared to crystals of soluble targets. However, there are clear reasons as to why 

we need to embark membrane protein neutron crystallography, such as for an understanding 

of proton pathways of membrane transporters and redox enzymes. I will present the 

sarco/endoplasmic reticulum Ca2+-ATPase1 (SERCA; the calcium pump) and amino acid 

transporters of the SLC6 family2 (encompassing also many neurotransmitter:sodium 

symporters) as examples of such challenges and opportunities. 

I will also discuss the possibility of investigating unique biological questions that have so far 

remained largely untouched. Spanning unique regimes of length and time scales compared to 

electron microscopy, NMR and X-rays, neutron scattering may open new possibilities for 

studies of long-range dynamics and dynamic order in biological systems, such as perhaps 

concerted movement in membranes associated with cell function or signalling. 

References 

1. M. Bublitz, M. Musgaard, H. Poulsen et al. Ion Pathways in the Sarcoplasmic Reticulum Ca2+-ATPase.  

Journal of Biological Chemistry,  288, 10759–10765 (2013) 

2. L. Malinauskaite, S. Said, C. Sahin et al. A conserved leucine occupies the empty substrate site of LeuT in the 

Na(+)-free return state. Nature Communications, 7, 11673 

 

40



 
Institut Laue-Langevin, 7/9 June 2017 

  
 
 

 

 

 

 

 

 

 

 

 

 

 

Poster Contributions 
 

41



42



Last name First name Abstract title

Bernaudat Florent Structural studies of the LysR transcription factor DntR in complex with promoter region DNA

Brennich Martha Small angles for Biology: The ESRF-ILL SAXS-SANS platform

Devos Juliette
Combined NMR and SANS solution studies of membrane proteins in a native-like membrane mimetic environment using multiple 

isotope labeling

Di Cola Emanuela Understanding barrier function of biological networks

Dyer Paul
Using neutrons to determine the translocation dynamics of proteins through Bacillus anthracis protective antigen pore stabilised 

within lipid-nanodiscs

Freeman Samuel Orchestrated Domain Movement in Catalysis by NADPH-Cytochrome P450 Reductase

Gajdos Lukas Characterizing lectin-glycan interactions using neutron diffraction

Haertlein Michael The Deuteration Laboratory - a platform for deuteration of biomolecules

Koruza Katarina Neutron studies and strategies for production of deuterated human carbonic anhydrase IX

Lafumat Benedicte Improving neutron diffraction by online humidity control

Luchini Alessandra Novel Insights into Cardiolipin-contaning Lipid Bilayers

Maccarini Marco
Neutron reflectometry studies of the structure of OprF ion channel protein from the bacterium P. aeruginosa

Martel Anne Update on biology-dedicated sample environment on D22

Matsarskaia Olga Tuning protein phase transitions using multivalent salts: a multidisciplinary approach

McGregor Lindsay Identifying the Correct Protonation States of Reactive Intermediates in Urate Oxidase (UOX) Catalysis

Mitchell Edward Macromolecular structure phasing by neutron anomalous diffraction

Moulin Martine A seed protein from Moringa oleifera used in traditional water purification: structural studies and surface interactions

Mukhina Tetiana Out-of-equilibrium active membranes: incorporation of bacteriorhodopsin in a floating lipid bilayer

Nagano Soshichiro Towards the determination of the neutron crystal structure of Cph1, a model phytochrome

Paracini Nicolo
Neutron reflectometry and IR spectroscopy reveal the effects of Polymyxin B on asymmetric models of the bacterial outer 

membrane

Potrzebowski Wojciech Exploring protein association pathways with time-resolved SAXS and SANS

Raskar Tushar
Neutron spectroscopy of Aspartate alpha decarboxylase in apo and ligand bound form to understand the functionally relevant 

dynamics in solution

Spano Monika Current Challenges of Obtaining Crystals for Neutron Macromolecular Crystallography

Sugiyama Masaaki SANS Investigation on Subunit Kinetics in Dynamical Protein

Tooley Freya Sample Preparation for SANS and crystallographic studies of HIV integrase

van der Maarel Johan RC Compaction of supercoiled DNA by crowding

Visentin Silvia Structural studies on Staufen protein

Waldie Sarah Characterising PC/Cholesterol Supported Lipid Bilayers and Interactions with Human HDL

Winter Anja Interaction of viral envelope proteins with host prohibitins

List of posters

43
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LysR-type transcriptional regulators (LTTRs) are the largest family of transcription factors in 

prokaryotes and are involved in the regulation of basic metabolic pathways or virulence gene 

expression. LTTRs usually form functional homotetramers which bind DNA in promoter 

regions that contain three different functional subsites: a high affinity Repression Binding 

Site (RBS) and two low affinity Activation Binding Sites (ABS′ and ABS′′). LTTRs are 

believed to function through a ‘sliding dimer’ mechanism where LTTR activation leads to a 

shift in promoter region binding sites from RBS/ABS’ to RBS/ABS”. This shift induces a 

relaxation of DNA bending which enables the binding of RNA polymerase and consequent 

gene expression. In the current hypothesis, the binding to different ABS sites is due to a 

transition from a compact to an expanded configuration of the homotetramer. The sliding 

dimer mechanism is strongly supported by biochemical, biophysical and modelling 

evidences, but structural information is still scarce and from the crystal structures available 

no full-length LTTR homotetramer has yet been observed to adopt both conformations. 

In a recent work (1), we carried out structural studies of the LTTR DntR, obtaining the crystal 

structures of inactive apo-DntR and of an autoinducing H169T mutant, and using Small 

Angle X-ray Scattering (SAXS), models of the solution states of apo-, H169T- and inducer-

bound holo-DntR homotetramers. Whereas the crystal structures of apo- and H169T-DntR 

had the same compact configuration, the SAXS studies revealed a completely different 

picture, suggesting that in solution apo-DntR maintains a compact configuration but that both 

H169T- and holo-DntR homotetramers adopt an expanded conformation. Moreover, putative 

models bound to promoter DNA regions supported the physiological relevance of the solution 

conformations, providing compelling structural evidence to support the sliding dimer 

mechanism for the activation of homotetrameric LTTRs and involving a change in quaternary 

structure from compact to expanded conformations. 

We now aim to further characterise DntR in complex with its promoter region DNA by 

SAXS and by Small Angle Neutron Scattering (SANS) using contrast variation to study the 

DNA bend of the promoter in the various activation states. 
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Small angle scattering (SAS) is a powerful technique to study the solution structure of 

biological macromolecules, such as proteins or nucleic acids, and their supra-molecular 

assemblies. In recent years, developments in both instrumentation and software helped the 

technique to gain in popularity, with SAXS now becoming a standard technique in structural 

biology. However, a single technique is often not sufficient to completely capture the 

complexity of a biological system. SAXS and SANS offer natural complementarity, since 

they probe the same length scales with different contrast mechanisms. To put this 

complementarity to best use, it is advisable to perform both types of experiments on the same 

batch of samples with as little delay as possible.  

The close proximity of SANS instruments at the ILL and SAXS beamlines at the ESRF offers 

the ideal environment to realize these kinds of joint experiments. To facilitate them the two 

facilities offer a joint SAXS/SANS proposal system for biological experiments at ILL 

instruments (in particular on D11 and D22) and solution SAXS experiments at ESRF BM29.  

In addition, the platform organizes regular workshops and courses and various topics in 

BioSAS, ranging from general introductory classes to specific hands-on software tutorials. 
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Membrane proteins are of significant biological and medical importance since they represent 

more than 50% of the current drug targets1. However, the structure determination of membrane 

proteins is very challenging. X-ray crystallography has been used to make major contributions 

towards the structure determination of membrane proteins2, but these proteins are difficult to 

crystallise without major modifications and are rarely crystallised in their native lipid 

environment. Currently, it has been estimated that less than one percent of the unique protein 

structures deposited in the Protein Databank are of membrane proteins. In addition, most of 

these structures were not obtained in a native-like environment, adding doubt to their 

physiological relevance.  

Recently, a novel membrane mimetic, the lipodisq, has been developed that could enable the 

study of integral membrane proteins in a native-like bilayer environment3. We propose to 

conduct a feasibility study by inserting the bacteriorhodopsin, a seven transmembrane (7TM) 

helical receptor, into lipodisqs and acquire both high-resolution solution NMR spectra and low 

resolution SANS data. Multiple isotope labelling of the bacteriorhodopsin protein4 will play a 

key role in this work, improving spectral resolution for NMR. It will also allow the use of 

contrast variation to match-out either the protein or the different components of the lipodisqs 

during SANS experiments.  

The successful completion of this project will be a proof of principle showing that seven- 

transmembrane proteins can be studied while in a native-like lipid bilayer environment. This 

study will provide complementary high resolution intramolecular structural information by 

NMR, as well as global intermolecular information about oligomeric state and other protein- 

protein/protein-macromolecular interactions by SANS.  
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Biological networks are formed by biopolymers/proteins matrices with a high content of water. 

They play the fundamental role of barriers in cells, tissues and organs regulating the 

diffusion/exchange of molecules. Though biological networks perform such protective tasks, 

there is still a limited understanding of their internal organisation and filtering mechanisms. 

Indeed, the dysfunction of such mechanisms can lead to an abnormal increase of the barrier 

function. For instance, the alterations in mucus permeability can result in severe pathologies 

ranging from viral and parasitic infections, cystic fibrosis to some form of woman infertility. 

The design of nanoparticles (NPs) capable of interacting with the biopolymers of the networks 

represents currently a promising strategy to achieve the penetration of active ingredients 

through such barriers and access the interior of the cell. In this context, we present a study on 

the development of mucus-penetrating NPs for transmucosoidal nasal administration, in 

interaction with a model mucus of that epithelium (mucin-II hydrogel, MUC2) at physiological 

conditions. Structural issues are of primary importance to control the mechanism of action and 

thus to rationally engineer particles able to overcome mucosal clearance mechanisms. Whereas 

overall properties, such as mean size and surface charge can be obtained by bench instruments 

(DLS, SLS and Zeta potential), the complementarity of techniques with higher space resolution 

(SAXS and SANS) is employed here to gain a deeper knowledge of the behaviour of the NPs 

in the mucus matrix. In particular, we focus on their physical interactions with MUC2 (muco- 

adhesion, stability, and penetration) and discuss them as a function of the properties of their 

engineered surface.  
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through Bacillus anthracis protective antigen pore stabilised within lipid-
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The virulence factor of Bacillus anthracis infection, referred to as Anthrax Toxin, has 

evolved protein architecture to mediate cytosolic delivery of toxic macromolecules; 

Protective Antigen (PA), Oedema factor (EF) and Lethal factor (LF) [1]. Toxicity is dependent 

upon PA pore formation [2, 3] in the lipid membrane of intraluminal vesicles [4]. The pH 

dependency (pH5.5) of pore formation favours the formation of molten globular structures 

and a Brownian ratchet mechanism of translocation of proteins through the PA pore [5]. The 

structure of the PA pore has been characterised using X-ray crystallography and electron 

microscopy, and defined as having a height of 180Å, a “cap” of 160Å diameter, and a 

lumenal Φ clamp (Phe427) clamp of 6Å diameter [6, 7]. The potential of the PA pore to deliver 

therapeutic cargoes has previously been demonstrated without the requirement of covalent 

conjugation using a truncated lethal factor (LFn) fusion protein [8]. Herein, we used Specular 

Neutron Reflectometry (SNR) to evaluate the interaction of LFn fused in frame with Green 

Fluorescent Protein (LFn-GFP) with PA pore stabilised lipid-nanodiscs. A combination of 

hydrogenated (h) and deuterated (d) nanodiscs (ND) were prepared using either hDMPC or 

dDMPC with the hMSPD1 or dMSPD1 respectively.  Nanodiscs, both h- and d-, complexed 

with either dPA or hPA protein (NC) were assembled using a previously published protocol 
[9]. ND and NC were adsorbed to the silica surface at 10oC, pH7.4.  SNR measurements were 

performed on the time of flight (TOF) reflectometer, FIGARO (ILL-8030848). Neutrons of 

wavelengths ranging between 2 Å and 30 Å and at two incident angles, namely 0.8o and 3.2o, 

were used giving a Q-range from ~0.002 Å-1 to ~0.32 Å-1.  Prior to ND adsorption, baseline 

measurements were performed in D2O, H2O, and SiMW.  Characterisation of the ND and NC 

at the solid-liquid interface was performed at pH7.4.  Binding and interaction of deuterated 

LFn-GFP with the both ND and NC was followed in real time at pH7.4 and 37oC mimicking 

physiological conditions and at pH5.5 mimicking the acidity of late endosomes.  

Measurements were performed in a variety of solvents, namely H2O, D2O, SiMW and 4MW.   

SNR measurements showed approximately 90% coverage of ND and approximately 10% 

coverage of NC at the silica/solvent interface. An appreciable change in spectra was observed 

following addition of dLFn-GFP. Alteration of pH from pH7.4 to pH5.5 resulted 

translocation of LFn-GFP into the PA layer on the NC as determined by a decrease in 

hydration. In addition, LFn-GFP interaction with the silica surface was also demonstrated. 

This is the first indication of using SNR to chart protein translocation through the PA pore 

using a biologically relevant system, leading to a better understanding of the structural 

dynamics of delivering therapeutic macromolecule across biological membranes [10].  
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NADPH-cytochrome P450 reductase (CPR) is a multi-domain redox enzyme which is a key 

component of the P450 mono-oxygenase drug-metabolizing system. Using small-angle X-ray 

scattering (SAXS) some evidence has been presented for a conformational equilibrium 

involving large-scale domain motions in this enzyme. We now study this proposed equilibrium 

using small-angle neutron scattering (SANS), under conditions where we are able to control 

the redox state of the enzyme precisely. We show that different redox states and buffer 

conditions have a profound effect on the conformational state of the enzyme. We present 

different ways to model the data based on multi-state systems. By altering the position of the 

conformational equilibrium by mutagenesis, we show that the presence of a greater proportion 

of the extended form leads to an enhanced ability to transfer electrons to cytochrome c on the 

millisecond timescale. Domain motion is thus intrinsically linked to the functionality of the 

enzyme, and we can define the position of the conformational equilibrium for individual steps 

in the catalytic cycle. We have also been able to describe for the first time the nature of the 

complex between CPR and a redox partner protein, cytochrome c, in solution by means of 

deuteration and contrast matching in SANS.  
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Lectins belong to the group of proteins that specifically and reversibly bind carbohydrates. One 

of the biological consequences of this interaction is a molecular recognition in host-pathogen 

interactions. Bacterial lectins may function as virulent factors that enable bacteria to bind 

surface glycans on the host cells and initiate colonization and host infection.  

The project is focused on lectins from pathogenic bacteria Photorhabdus luminescens and 

Pseudomonas aeruginosa. Photorhabdus lives in a symbiotic relationship with Heterorhabditis 

nematodes and helps the worm to kill an insect prey. P. aeruginosa is a human opportunistic 

pathogen that may cause lethal lung infections in cystic fibrosis patients. Pseudomonas 

produces two soluble lectins LecA and LecB that are key virulent factors in the bacterial 

pathogenicity.  

The goal of the work is to produce deuterated lectins and co-crystallize them with their binding 

partners, saccharides. Solving the structure of the complex by using neutron diffraction would 

enable to see hydrogen bonds and water molecules within the complex lectin-glycan 

interaction. Since lectins are viewed as potential targets for novel therapeutics, such a 

knowledge would help to design potent inhibitors of adhesion.   
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The ILL Deuteration Laboratory (D-Lab) operates as a Patnership for Structural Biology 
(PSB) platform and is part of the ILL Life Sciences Group. The D-Lab supports 
deuteration of biological molecules, mainly in vivo, for neutron scattering experiments. 
The platform provides the tools and equipment required for the complete, partial or 
selective deuteration of biomolecules such as proteins, nucleic acids and lipids. The 
laboratory has developed procedures for deuterium labelling in high cell density 
fermenter cultures, primarily in Escherichia coli and Pichia pastoris. Recently protocols 
have been developed for perdeuteration of recombinantly expressed cholesterol, match-
out labelled phosphatidyl-choline for nano-discs as well as for cell-free deuteration. 
Access to the Deuteration platform is via a peer review procedure, details of which can be 
found at http://www.ill.fr/deuteration. The D-Lab's User Programme has to date provided 
a large variety of deuterated samples for experiments in Neutron Protein Crystallography, 
Small-Angle Neutron Scattering (SANS), Neutron Reflectometry and Inelastic Neutron 
Scattering. The platform is housed in the 2nd floor of the Carl-Ivar Branden building 
(CIBB) where lab space including dedicated areas for fermentation, algae growth and P2 
work is available.  
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Neutron protein crystallography benefits greatly from using fully deuterated (perdeuterated) 

protein by improved signal-to-noise ratio and reduced background from hydrogen incoherent 

scattering. Optimization of perdeuteration strategies while increasing crystal volumes is 

challenging but needed to ensure successful neutron crystal structure determination. In our 

research, we use human carbonic anhydrase IX (HCA IX) as a model for deuterated protein 

expression. HCA IX has been identified as an interesting target for cancer treatment. It has 

been found to be overexpressed in >30 types of solid tumors. As a dimeric, post-

translationally modified membrane protein it is troublesome to produce in its native form and 

to crystallize. To facilitate structural studies 7 active site mutations were introduced to human 

carbonic anhydrase II (HCA II) that effectively “mimic” the active site of HCA IX [1]. This 

gives us a functional enzyme (referred to as HCA IX mimic) with an active site of native 

HCA IX while keeping all the overall physical attributes of HCA II (i.e. very soluble, simple 

purification, stable protein, good yields, and readily crystallizable) and opens up possibilities 

for expression in a deuterated environment. Our goal is to determine the atomic details of 

novel inhibitor binding by using both neutron and X-ray crystallography. In recent years 

saccharin was identified as a promising lead compound in that it demonstrates some HCA IX 

specificity compared to other HCAs [2]. Comparing neutron crystal structures of unbound and 

inhibitor-bound, perdeuterated and hydrogenated HCA IX provides a unique opportunity to 

directly investigate how saccharin and derivatives bind through H-bonding, water 

displacement, and which active site residues “tune” HCA isoform specificity. So far we have 

determined joint X-ray and neutron crystal structures of apo HCA IX mimic (with nothing 

bound), and in complex with drug-lead saccharin. We are now working towards the neutron 

structure of an HCA IX mimic complex with a much larger saccharin-conjugated inhibitor. It 

is expected that the fine structural details involving light atoms can be determined by neutron 

crystallography. Ultimately we would use this information for the rational design of inhibitors 

with increased HCA IX specificity over the other 14 expressed carbonic anhydrases in 

humans. 
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Controlled dehydration of protein crystals is currently playing an important role in X-ray 

structural biology and will be in the future expand beyond its traditional boundaries, to 

address larger crystals employed in neutron crystallography. Despite being a post-

crystallization method, this approach that is useful for the improvement of crystal diffraction 

properties1 has been thoroughly tested on several X-ray beamlines2 but is severely lacking in 

neutron crystallography. 

Since growing well-ordered protein crystals of cubic millimetre volume is extremely 

difficult3,4, we have tested a device for hydration control of macromolecular crystals (HC1b5) 

to precisely control the humidity of large crystals and carried out D2O- and H2O- exchange 

across air stream of precise relative humidity.  

Indeed, neutron macromolecular crystallography benefits from the use of deuteration – 

ideally perdeuteration - where all protein and solvent proton atoms are replaced by deuterium. 

In neutron experiments it is crucial to ensure that the samples produced are of the greatest 

quality and have the highest possible exchange of proton by deuterium. There is currently no 

method that is used regularly to exchange H2O to D2O content of crystals prior to data 

collection. This is a major problem, given that back-exchange of D2O by H2O can occur at 

various stages during purification, crystallogenesis and sample handling. Conclusively, the 

HC1b device was used to monitor the dehydration on test crystals and to exchange6 H2O to 

D2O. Crystals were mounted on meshes and kept in a stream of humidified air - H2O and 

D2O - from a modified cryostream nozzle. The success of these preliminary D2O-

dehydration experiments were tested at the ESS and will be compare to traditional crystal 

dehydration on synchrotron and neutron beamlines in order to access scattering improvement. 
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Cardiolipin (CL) lipids is a group of anionic phospholipids composed of two phosphate 

moieties, each of them attached to two hydrocarbon chains via a glycerol backbone. CL is 

present in the inner membrane of bacteria as well as in the one of mitochondria and chloroplasts 

[2]. The unique structure of this class of lipids is responsible for peculiar physical properties, 

which have been intensively investigated as they are believed to be pivotal for the biological 

role of CL [3]. However, most of the literature in the field focus mainly on the phase-behaviour 

and on the physico-chemical properties of pure CL bilayers [2]. A few studies were carried out 

on lipid bilayers containing CL as well as other lipid molecules [3, 4]. Such a mixed system is 

more relevant than a pure CL bilayer since the relatively low amount (about 10% mol) of CL 

usually present in natural membranes. In order to produce novel insights into the structural role 

of CL we have characterized lipid bilayers composed of the zwitterionic phospholipids, 1-

palmitoyl-2-oleoyl-sn-glycero-3- phosphocholine (POPC) and 1-palmitoyl-2-oleoyl-sn-

glycero-3-phosphoethanolamine (POPE), and CL by means of Neutron Reflectometry 

measurements. In particular, two different CL, 1',3'-bis[1,2-dimyristoyl-sn-glycero-3-

phospho]-sn-glycerol (TMCL) and 1',3'- bis[1,2-dioleoyl-sn-glycero-3-phospho]-sn-glycerol 

(TOCL), were used in this study. Recent studies suggest that bacteria exhibit mainly short and 

saturated acyl chains CL, while CL with long and unsaturated acyl chains are found in the 

eukaryotic cells. Hence, by comparing these two systems, we aimed at evaluating structural 

differences which could eventually explain the different abundance of different CL in the two 

cell organisms. Neutron Reflectivity (NR) is a well-established technique that can be used to 

obtain unique and detailed information on supported lipid bilayers. Indeed, through the 

evaluation of the scattering length density profile, a clear picture of the CL organization in lipid 

bilayers in the presence and in the absence of divalent ions (Ca2+) was obtained. Furthermore, 

we have highlighted structural differences when TOCL was introduced in the bilayer instead 

of TMCL. Ca2+ ions promoted structural rearrangements of the bilayers containing TOCL, 

while reduced the solvation of the polar headgroups region in the bilayer containing TMCL. 

Overall, we believe that the collected results contribute to enlarge the state-of-the-art of CL-

containing lipid systems and represent a useful reference for those who are interested in 

characterizing biological processes, in which CL is involved, i.e. interaction with proteins.   
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Infection by the bacterium Pseudomonas aeruginosa is a serious problem for patients who 

are hospitalized with cancer, cystic fibrosis and burns1. The case fatality rate in these patients 

is near 50%. P. aeruginosa is primarily a nosocomial pathogen and the fourth most commonly 

isolated nosocomial pathogen accounting for 10% of all hospital-acquired infections. Strains 

of the P. Aeruginosa bacterium are resistant to most of the common antibiotics used in 

hospitals, due mainly to the low permeability of its outer membrane2. OprF, the main porin of 

the P. Aeruginosa outer membrane, is responsible for this low permeability and it is thought 

to have an important role in the antibiotic resistance of the bacterium. For this reason, it is a 

very novel target for new drugs that will kill bacteria resistant to standard antibiotics. In our 

laboratories a novel cell free method to synthesis the protein has been developed to provide 

controlled studies of the structure and function of OprF3. By means of advanced biochemical 

techniques, we are able to incorporate OprF in a model lipid bilayer membrane (tLBM) that is 

tethered to gold electrodes4. This tLBM system has allowed us to measure the conductance of 

OprF using impedance spectroscopy (EIS). OprF purified using the biochemical purification 

techniques and incorporated into proteoliposomes retained biological functionality as 

confirmed by binding to INF-γ. The crystallographic high-resolution structure of OprF is not 

available due to the difficulties involved in crystallising membrane proteins. By the use of 

neutron reflectometry (NR), we provided an alternative route to obtain fundamental low-

resolution information on the nanoscale structure OprF, in an environment that mimics its 

native condition. NR allowed us to characterize the nanostructural details of the lipid 

membrane, the amount of the protein embedded in the bilayer, the thickness of the 

extramembrane domain of the proteins, which extends from the membrane5. These 

investigations are not possible using the classical techniques of biology and reinforce the 

crucial role played by neutron scattering in evincing fundamental details of biological 

samples. 

This study showed that OprF purified using the cell free protocol and then incorporated into 

tethered lipid bilayer yields a controllable (and measurable at the nanoscale) biomimetic 

system constructed in vitro. This system provides the means to identify ways to control 

membrane proteins, and hence to open possibilities of finding new drugs that are not 

antibiotics, which could help to fight the serious infections caused by P. Aeruginosa.  
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D22, the ILL SANS instrument best adapted to biology, is constantly improving its sample 

environment. This poster presents recent upgrades concerning: 

- UV-vis spectroscopic measurements coupled with SANS: In situ fluorescent measurement 

gave new insight in structure-function relationship of enzymatic protein unfolding1. The 

routine reading of UV absorbance is now being implemented on the 22-position rack to 

measure sample concentration at the same time as SANS. 

- SEC-SANS option: Since the proof of concept2, the SEC-SANS set up has been 

considerably improved and integrated to the instrument control. Nowaday, it offers high-

pressure compatibility, improved temperature control and recoding of 4 wavelength 

chromatograms concomitant with SANS. 

- In situ dialysis cell new design: Upon influence of Chapel et al., the cell has been 

redesigned to facilitate mounting, improve dialyzing ratio and implement magnetic agitation 

as well as pH and conductivity measurements in situ. 
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Understanding the phase behaviour of proteins is of fundamental importance for controlling 

protein crystallisation with its key importance for structural biology, studying cell signalling 

and developing therapeutic approaches to protein condensation diseases such as sickle cell 

anemia or eye lens cataract [1-3]. Our recent work has successfully established the use of the 

trivalent cation Y3+ to induce a rich phase behaviour that includes crystallisation [4], reentrant 

condensation [5] and metastable liquid-liquid phase separation (LLPS) [6] with a lower 

critical solution temperature [7] in various model proteins. Based on colloid theory, these 

phenomena can be understood as a consequence of short-range attraction between protein 

molecules introduced by Y3+ [8]. 

Here, we present an extended, systematic study of the influence of trivalent cations on protein 

phase behaviour. Using small-angle X-ray scattering (SAXS) and zeta potential 

measurements, we show that the protein-protein interaction strength increases as a function of 

cation radius. We use small-angle neutron scattering (SANS) to elucidate classical and non-

classical pathways of protein crystallisation in the presence of di- and trivalent cations. 

Moreover, we employ SANS to contrast cation-induced arrested phase transitions with 

denaturation in protein systems. Our findings thus imply that cation size and other cation-

specific effects can be a sensitive tool to fine-tune protein-protein interactions and their phase 

behaviour in solution. 
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There are still many unanswered questions in O2-dependent biology. Most enzymes that utilize 
O2 in their catalytic process also contain a metal or organic cofactor to engender organic 
radicals to react with the O2, or activate it directly. However, there are a branch of enzymes 
that do not possess any cofactor and therefore have very limited chemical tools at their disposal.  
Urate oxidase (UOX) is the archetypal oxidase enzyme that catalyses the O2-mediated 
degradation of uric acid (UA) to 5-hydroxyisourate (5-HIU). Recent research has suggested 
that UOX-mediated catalysis occurs via a 5-peroxyisourate (5-PIU) intermediate showing 
similarities to a large family of Flavin-dependent monooxygenases that have been 
characterized spectroscopically but have not been structurally determined.1 The main limitation 
of this work was that the location of the protons in the pathway were unable to be determined 
with certainty. 
Neutron macromolecular crystallography is an exciting technique for the study of UOX-
mediated catalysis as this offers a unique ability to visualize the proton network in various 
reactive intermediates. We plan to do this using perdeuterated protein crystals and the LADI-
III instrument at the Institut Laue-Langevin.  
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We show for the first time that neutron anomalous dispersion can be used in a practical manner 

to determine experimental phases of a protein crystal structure, providing a new tool for 

structural biologists. The approach is demonstrated through the use of a state-of-the-art 

monochromatic neutron diffractometer at the Institut Laue-Langevin (ILL) in combination with 

crystals of perdeuterated protein that minimise the level of hydrogen incoherent scattering and 

enhance the visibility of the anomalous signal. The protein used was rubredoxin in which 

cadmium replaced the iron at the iron-sulphur site. While this study was carried out using a 

steady-state neutron beam source, the results will be of major interest for capabilities at existing 

and emerging spallation neutron sources where time-of-flight instruments provide inherent 

energy discrimination. In particular this capability may be expected to offer unique 

opportunities to a rapidly developing structural biology community where there is increasing 

interest in the identification of protonation states, protein/water interactions and protein-ligand 

interactions – all of which are of central importance to a wide range of fundamental and applied 

areas in the biosciences. 

.  
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Moringa oleifera is a tropical plant that belongs to the Moringaceae family and is native to 

northern India. Moringa oleifera is called The Miracle Tree1 because many of its parts have 

valuable applications. In particular, seed extracts from the plant have been used in traditional 

water treatment throughout Africa. The application of this extract to untreated water causes a 

95% reduction of turbidity, and a decrease in particle and bacterial content. Numerous 

laboratories have demonstrated these effects but the precise nature and properties of the active 

components in the extract has been unclear. Small-angle neutron scattering has demonstrated 

the unusually dense nature of flocs formed with seed extract2  and reflection studies have been 

carried out, to determine the arrangement of protein adsorbed at model interfaces3. 

A purified fraction of cationic coagulant proteins from seed extract has been characterised at a 

molecular level using biochemical and biophysical methods including chromatography, mass 

spectrometry, tandem mass spectrometry, X-ray diffraction and neutron reflection. These 

results have been related to the anti-microbial, coagulation and flocculation properties of both 

the seed extract and the purified fraction.Reflection studies showed that the crude seed extract 

behaves differently to a purified fraction. A recombinant expression system will be developed 

to produce large scale of perdeuterated protein. This will allow the analysis of location and 

behaviour of component proteins in mixtures by reflection studies and enable a neutron 

crystallographic analysis aimed at understanding the nature of hydration interactions and 

protonation states in these structures. 
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Transmembrane proteins have a pivotal role in the large number of cellular processes and 

provide essential functions of the cell membranes. By itself, membranes exhibit thermal 

fluctuations, but membrane protein activity breaks the fluctuation-dissipation theorem leading 

to out-of-equilibrium fluctuations. An active fluctuations have been widely described 

theoretically1, but there are only few techniques for their experimental study. The outstanding 

model system as fluid floating phospholipid bilayer2 and original scattering techniques as off-

specular reflectivity3 gave us ability to study the fluctuations of a single floating bilayer near 

a substrate4 as well as membrane-membrane interactions5.  

Figure 1: Schematic view of a supported double 

bilayer and ternary structure of bacteriorhodopsin. 

The main aim of this project is to investigate 

out-of-equilibrium fluctuations of phospholipid 

membranes induced by active transmembrane proteins 

such as bacteriorhodopsin (BR). Model systems such 

as solid-supported single and floating phospholipid 

bilayer (Figure 1), prepared by Langmuir-

Blodgett/Langmuir-Schaefer techniques, are routinely 

used to mimic and study phospholipid membranes and 

their interactions.  

The detergent-mediated incorporation method6 

developed for insertion of BR in vesicles was adapted to the case of bilayers at the interfaces. 

We present the proof of the possibility of inserting BR in supported DMPC phospholipid 

bilayers and in a double bilayer system consisting of DSPC (bottom, supporting bilayer) and 

DPPC (top, floating bilayer) as recently demonstrated by neutron reflectometry (on the D17 

instrument at the ILL), fluorescence microscopy and QCM-D experiments. The use of lab-

based techniques allowed us to optimize the amount, the concentration and the type of 

detergent and BR molecules, as well as incubation time, to appropriate values.  

A future step of this work will be to investigate the induced structural changes caused by BR 

activation in floating phospholipid bilayers, triggered by the absorption of the green light. 

References 

1. J. Prost, J.-B. Manneville, and R. Bruinsma. EPJ B, 1:465–480 (1998). 

2. Charitat T., Bellet-Amalric E., Fragneto G. and Graner F., EPJ B, 8, 583-593 (1999).  

3. Malaquin L., Charitat T. and Daillant J., EPJ E, 31, 3, 285-301 (2010).  

4. Daillant J., Bellet-Amalric E., Braslau A., Charitat T., Fragneto G., Graner F., Mora S., Rieutord F. Stidder 

B., PNAS, 102, 11639-11644 (2005).  

5. Hemmerle A., Malaquin L., Charitat T., Lecuyer S., Fragneto G. and Daillant J., PNAS, 2012, 109, 19938. 

6. Dezi M., Di Cicco A., Bassereau P. and Lévy D., PNAS, 7276, 110727 (2013). 

61



Towards the determination of the neutron crystal structure of Cph1, a 

model phytochrome 

S. Nagano, J. Hughes 

Institute for Plant Physiology, Justus Liebig University Giessen, Senckenbergstrasse 3, D35390 Giessen, 

Germany 

Soshichiro.Nagano@bot3.bio.uni-giessen.de  

Phytochromes are light sensitive proteins that reversibly interconvert between a red light 
absorbing form (Pr) and a far-red light absorbing form (Pfr). A wealth of structural knowledge 
has been accumulated on the basis of several X-ray crystal structures of the Pr and Pfr states. 
These structures, however, are compromised by radiation damage and, also neutron 
crystallography has an advantage over X-ray crystallography that it can more explicitly 
determine the coordinates of the hydrogens/protons. In order to gain a deeper structural insight 
into the mechanism of photoconversion which are known to involve deprotonation and 
reprotonation, we aim to solve the structure of a model phytochrome, Cph1 from Synechocystis 
PCC6803, by neutron crystallography.  

X-ray crystal structures of Cph1 have been determined in two crystal forms [1, 2], and we aim 
to produce large crystals that are suitable for neutron diffraction experiments. Crystals of the 
first crystal form (P43212, a = b = 77.29 Å, c = 249.70 Å) with the volumes of 0.037 mm3 
could be produced (Fig. 1, ~1400-fold larger in volume than reported for the X-ray crystal 
structure), and for the second crystal form (C2, a = 107.57 Å, b = 95.15 Å, c = 73.58 Å and β 
= 99.67°) could be grown up to 0.009 mm3 in volume (Fig. 2, ~3400-fold larger in volume than 
reported for X-ray crystal structure [3]). Progress is underway to further increase the sizes of 
the crystals. Additionally, we aim to crystallise perdeuterated material and employ deuterium-
based buffers in the future. 
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Figure 1. An example of one crystal form of Cph1 
phytochrome protein. 

Figure 2. Examples of another crystal form of Cph1 
phytochrome protein. 
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Neutron reflectometry is one of the most powerful tools available for studying the structure of 

asymmetric membranes. It provides Angstrom resolution details of complex thin films without 

damaging the sample, enabling prolonged measurements under a range of conditions that 

mimic the natural environment of the cell. The unique ability of neutrons to distinguish 

hydrogen from deuterium, coupled with the use of deuterated lipids confined to one leaflet of 

the bilayer, provides a unique probe that allows us to understand what happens on each side of 

the membrane. The outer membrane of Gram-negative bacteria such as E. coli is a completely 

asymmetric lipid bilayer that contains phospholipids in the inner leaflet and more complex 

lipopolysaccharides (LPS) on the outer leaflet.  We have previously used solid supported 

asymmetric models of the outer membrane to understand the role that different types of LPS 

play in the electrostatic interaction with the antimicrobial protein Colicin N(1). In this new 

study, we address the mechanism of action of the membrane active antimicrobial Polymyxin 

B, which is used as a last resort treatment against multi-drug resistant bacteria. We were able 

to determine the conditions under which the antimicrobial effectively disrupts the membrane 

as well as when it is completely inactive. The data obtained from the neutron experiments were 

complemented with infrared spectroscopy measurements that revealed the changes in the LPS 

leaflet under the conditions that allowed the antimicrobial to exert its activity. Finally, we tested 

our hypothesis on the mode of action of PmB on living E. coli cells exposed to the same 

antimicrobial peptide. By correlating the effects of PmB in vivo and in vitro we confirmed the 

relevance of such model membranes to investigate the natural bacterial cell envelope, adding 

to the current knowledge of PmB mode of action as well as explaining previous results on the 

thermodynamics of the interaction between this peptide and LPS.   
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Protein performs its biological functions by interacting with other proteins. Protein complexes, 
which are formed as a result of these interactions, consist of two or more components that 
associate along specific pathways - protein association pathways. The association pathway 
from monomer to oligomer is critical in a range of biological processes and thus it is of a vital 
importance to elucidate both atomic-resolution structures of intermediates along the pathway 
as well as the structure of the final state. Although considerable progress has been made in 
using experimental and computational techniques to determine start and final structural states, 
we have a limited understanding of what happens in between.  

By enabling both time resolution and structural detail Time-Resolved Small Angle X-
ray/Neutron Scattering (TR-SAXS/TR-SANS) is uniquely suited to interrogate complex self-
assembly reactions and to provide a molecular understanding of self-assembly pathways. 
However, the analysis of such data is complicated because scattering arises from a mixture of 
many components, the information content in each spectrum is limited and there is no 
framework for simultaneous analysis of data from different data sources. The similar problem 
is faced when resolving conformational ensembles from small angle scattering data.  
 
To overcome this problem we develop a method that combines a computational structural 
modeling (which delivers atomic-resolution structures) with experimental data (which provides 
information about the population of different states). The method applies Bayesian 
probabilistic model to analyze scattering data from mixtures of oligomeric species. The method 
allows for a modeling large structural ensembles, it can be used to assess uncertainty of all 
modeling parameters and enables minimization of over-fitting.  

We will demonstrate that ensembles determined with our approach explain experimental data 
to a higher degree and are less prone to over-fitting than the current state-of-art methods used 
to analyze data. We will also discuss how the method will become available to ESS users at 
the early stage of operation. 
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Aspartate alpha decarboxylase is an enzyme which catalyzes the conversion of L-aspartate to beta 

Alanine. In spite of the fact that this enzyme is extensively studied, the experimental investigations into 

catalytically relevant dynamics are limited. This involves the conformational change associated with 

active site residues and more importantly, the motion of a loop on binding of the substrate or its 

analogue. In the present study, we present the very first neutron spectroscopy results from IN16B and 

IN5 beamlines, in which we explore the dynamics and the time scales associated with the motion of the 

terminal loop which moves out on ligand binding. 

The geometry and the timescales of this motion can be extracted from A0(q)δ(ω) and A1(q)L(ω) 

respectively which are purely elastic and inelastic components of the incoherent scattering function 

Sinc(q,ω). Here, δ(ω) is the delta function and L(ω) is the Lorentzian function. The resulting 

information would give the in-solution turnover rates and functionally relevant dynamics associated 

with the active site residues. These would be important especially in context of the use of photocages 

for which the timescale of product release and the conformer population of active site residues are 

crucial reference points. 
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A rational way to find the proper conditions to grow crystal samples is to determine the 
crystallization phase diagram, which allows a punctual control of the parameters affecting the 
crystal growth process. In particular, the aim is to induct the nucleation at supersaturated 
conditions close to the solubility boundary between labile and metastable regions, by 
modulation of specific physical parameters.  
The detailed knowledge of the phase diagram is at the basis of the devices developed 
especially with the focus on Neutron Macromolecular Crystallography. The 1st generation 
instrument combines the use of temperature control and seeding and allows for grow of large 
crystals in crystallization batch. A crystallization batch in the metastable zone is seeded with 
small protein crystals. The seeds are maintained inside this region of the phase diagram for as 
long as possible by doing a temperature step each time the crystal solution equilibrium is 
achieved. The temperature steps are repeated until crystals of suitable size for diffraction 
measurement are obtained. The 2nd generation instrument adds new functionality to the first 
instrument thanks to a fluidic cell enabling to perform a temperature controlled dialysis 
crystallization experiment. The new crystal growth apparatus combines accurate temperature 
control with control of the chemical composition of the crystallization solution and therefore 
it allows very sophisticated experiments to be performed. Systematic phase diagrams in 
multi-dimensional space can be investigated using far less protein material than previously. 
We have demonstrated that it can be beneficial to provide sufficient scattering volumes for 
neutron studies that require large-volume well-ordered single crystals. Based on this macro-
scale instrument we have also conceived a miniaturizing apparatus that allows precise control 
of the experiment parameters using microfluidics. The functional microfluidic chips 
integrating microdialysis with the volume less than 1 µL have been already successfully 
tested with model proteins. The microchips are transparent to X-ray radiation and allow 
performing in situ X-ray crystallography experiments at room temperature. The recently 
developed fluidic devices, once adapted, are expected to be useful in monitoring and 
controlling the crystallization processes of challenging biological macromolecules, such as 
membrane proteins.  
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It is well-known that protein has a hierarchical structure: primary, secondary, tertiary and 

quaternary structures. When the quaternary structure, which is an assembly composed with 

folded peptides, becomes functional, the quaternary structure is slightly modulated or makes 

complex with a target protein(s) but the number of the component subunits is almost fixed. 

Contrary to this ordinary protein, α-Crystallin, which is a complex consisting of two kinds of 

subunits, has the particular structural feature. The most interesting feature could be 

uncertainness of number of subunits in this aggregated protein: several researches reported 

different aggregation numbers for α-Crystallin, ranging between 20 and 40. Under this 

circumstance, we supposed that the structure of α-Crystallin is fluctuated: α-Crystallins could 

exchange their subunits and, in the exchange process, the aggregation number could be 

dispersed. To prove this hypothesis, we employed deuteration-assisted small-angle neutron 

scattering (DA-SANS) method1. In neutron scattering, there is large difference in scattering 

length between proton (-3.74fm) and deuteron (+6.64fm). When all hydrogens in α-Crystallin 

are exchanged with deuteriums, its scattering length density (SLD) becomes remarkably larger 

than the SLD of not-deuterated one. A scattering intensity from a protein in a solution is 

proportional to (ρp-ρs)
2: ρp and ρs are SLDs of protein and solvent, respectively. Because the 

SLD of 82% D2O solvent has an intermediate value between deuterated and not-deuterated α-

Crystallins, in this solution the deuterated α-Crystallin and not-deuterated one have a same 

scattering intensity but the α-Crystallins including both deuterated and not-deuterated subunits 

have lower scattering intensities depending upon their ratios. Accordingly, when the deuterated 

α-Crystallins and not-deuterated ones are mixed in 82% D2O, the scattering intensity should 

decrease corresponding to the subunits exchange ratio. We examined the subunit exchange 

with αB-Crystallin. The DA-SANS clearly showed the subunits of αB-Crystallins are 

exchanged. Interestingly, the exchange speed depends upon temperature; at 10C no subunit 

exchanged, at 25C, 20% subunits exchanged in 12 h and at 37C all subunits exchanged in 12 

h. Furthermore, at 47C, where the chaperone activity is highly activated, all subunits are 

exchanged only in 15 min but the size of aggregates becomes larger. In the presentation, we 

would like to discuss the mechanism and the relation to abnormal aggregation of this subunit 

kinetics with the results of DA-SANS and mass spectroscopy2. 
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HIV integrase (IN) is a multi-domain retroviral enzyme that is required for the incorporation 

of viral DNA in to host DNA in the human immune system. The enzyme comprises of three 

functionally distinct domains: the N terminus, the C terminus, and the catalytic core domain 

(CCD). Each of these domains have been individually characterised; in particular the CCD 

which is notable for its polymorphic nature leading to the emergence of mutants in the viral 

community. HIV-1 M subtype C is a strain of the virus primarily active in sub-Saharan Africa, 

relatively understudied compared to subtypes such as B. In 2015, HIV was responsible for ca. 

800,000 deaths in this region of Africa[1] and antiretroviral treatment is becoming less 

effective as mutants circulate within the population. Whilst IN CCD has been crystallised and 

analysed with X-ray diffraction, the IN enzyme in its entirety has yet to be crystallised and its 

limited solubility renders it difficult to produce. By working with an IN construct that 

comprises of a vitreoscilla haemoglobin (VHb) fusion, the IN protein is made more soluble and 

easier to express. This project focusses on DNA binding to HIV IN subtype C with a view to 

characterising its interactions, enabling us to gain an understanding of how IN operates and 

how to inhibit its activity. One route to structural determination proceeds via crystallisation 

and X-ray diffraction. Another route exploits small-angle neutron scattering (SANS), which 

can be employed in multiple ways. The first is to study the wild-type solution structure alone. 

The second is to analyse DNA-protein interactions by means of deuteration and matching out 

different components of the complex. The third is to apply the same methodology to the mutant 

structures, both in and out of sequence-specific DNA complexes, in order to compare the 

binding with the wild-type.  
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DNA often exists in a supercoiled conformation, in which the duplex is wound around itself to 

form a higher order helix. It is also often congested, such as in liquid crystals, the nucleoid of 

bacterial cells, synthetic gene transfer vectors, and porous gel materials for size exclusion 

chromatography. The conformation of the supercoil is determined by topological and 

geometrical properties (degree of interwinding and number of interwound branches), 

concentration of salts, interaction among DNA molecules at higher concentrations, as well as 

interaction with other biomolecules including neutral crowders. In order to be accommodated 

in a crowded state, the supercoil has to decrease its size by a change in conformation. 

Correspondingly, DNA's conformation is modulated in response to changes in crowding 

through the effect on its size. This plasticity of DNA shapes may have a regulatory role and be 

important for the post-replicative segregation of bacterial chromosomes.  

Previously, we have investigated the interwound conformation of supercoiled plasmid 

(pHSG298, 2,675 bps) with small angle neutron scattering in zero average DNA contrast 

conditions. It was found that the interduplex distance decreases with increased DNA 

concentration (DNA-DNA crowding). Here, we focus on the compaction of the same plasmid 

by the generic crowding agent dextran. The dextran molecules used in this study are spherical 

nanoparticles of size in the range 2.6-17 nm. Rayleigh light scattering was used to measure the 

size of the plasmid in the supercoiled and linear isoforms. Results are discussed in terms of the 

geometric properties of the supercoil as well as osmotic effects induced by the depletion 

interaction between DNA and the crowding nanoparticles. From a combination of the neutron 

and light scattering results, Monte Carlo simulation and theoretical modelling, we arrive at a 

consistent understanding of the change in plasmid dimensions as a response to crowding.  
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Staufen is a dsRNA binding protein conserved from Caenorhabditis elegans to humans and, 

depending on the species, it has four or five dsRNA-binding domains (RBDs). In humans, 

Staufen is ubiquitously expressed and localizes to the rough endoplasmic reticulum, 

microtubules, and polysomes, it is also incorporated into retroviruses (including HIV-1) and 

has been suggested to play a role in genomic RNA encapsidation as well as in common cellular 

processes like myogenesis, adipogenesis and cutaneous wound healing.  

Staufen protein is involved both in mRNA transport along the microtubules, via its tubulin 

binding domain (TBD), and in gene expression regulation acting as central player of a specific 

RNA decay pathway, the so-called Staufen-mediated mRNA decay.  

To date, there is no published structural information on the full-length protein and three-

dimensional analyses of Staufen proteins are limited to four structures of single RBDs: the 

NMR structures of D. melanogaster Stau RBD3 (PDB ID: 1EKZ,) and of M. musculus Stau2 

RBD4 (PDB ID: 1UHZ), the X-rays crystal structure of the human Stau1 SSM-RBD5 domain 

swapped dimer, (PDB ID: 4DKK) and the one of the complex Miranda/humanRBD5 (PDB ID: 

5CFF).  

The nature of Staufen protein makes this protein extremely difficult to characterize with 

conventional structural techniques such as NMR and X-ray crystallography; our approach 

consists in modelling the two proteins starting from Small Angle Scattering data (X-Rays and 

Neutrons) and combining them with Molecular Dynamics simulations.  

In this work, we report for the first time the structure of the human full-length Staufen1 protein 

and of its truncation mutant Stau1_DRBD2.  
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Atherosclerosis, the main killer of the West 1-2, is directly associated to the plasma levels of 

low and high-density lipoproteins (LDL and HDL, respectively) 3-4. These particles have been 

traditionally considered as bad and good cholesterol, respectively, as they either deposit or 

remove lipids from the vessel wall. These water-soluble aggregates stabilise and transport 

cholesterol and other fats in the blood. The mode of interaction between the different types of 

lipoproteins and the vessel wall is thought to occur via competition 5; therefore, the ratio of 

LDL to HDL (LDL/HDL) should be of greater importance in the development of 

atherosclerosis than the absolute blood lipoprotein concentrations of the LDL and HDL 

separately 6. Thus, bulk and interfacial exchange between LDL and HDL is likely to be 

critical for the protective effect of HDL against atherosclerosis.  

We have shown previously that neutron reflection excels at following lipid exchange 

processes between human fractions of LDL and HDL. We found that the exchange is 

dependent on the lipid charge and presence of divalent ions, as well as the lipoprotein type. 

This methodology allows us to establish whether the specific apolipoprotein variant in HDL 

also has a role in lipid dynamics. The main apolipoproteins in HDL is the type A-1 (apoA1), 

but there are other variants including apolipoprotein E (apoE). Recent studies show an 

increased level of HDL and the presence of apoE also increase the risk of CVD 7. The results 

are key in order to understand the role of the specific component of the HDL (such as the 

apoprotein type) on HDL binding and lipid dynamics at model cellular membranes. This can 

only be done through the use of reconstituted particles with a controlled composition and 

lipid cargo. These types of studies are necessary for developing novel strategies in the fight 

against CVD.  

We have carried out studies on the surface interaction of human HDL particles with 

supported lipid bilayers via neutron reflection. In order to follow exchange of lipids, 

deuterated materials of varying composition with differing levels of deuteration can be used. 

Results show kinetics of lipid exchange to be dependent on the lipid type present; a slower 

exchange was seen when using a natural unsaturated lipid compared to a faster exchange seen 

when using a fully saturated synthetic lipid. These results highlight the effect the lipid 

environment has on the interaction with HDL particles - notably the level of saturation of the 

lipids on the degree of exchange. 
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Pathogenic viruses infect and ultimately kill healthy cells. It has The aim has recently become 

urgent to identify, characterize and target interactions of viral proteins with host proteins as 

more viral infections become more prevalent in both the developed and developing world. 

Recent research suggests that several human viruses, such as Dengue and Chikungunya, effect 

entry into host cells via interaction with cell-surface proteins called prohibitins [1-3]. The 

involvement of prohibitins (prohibitin-1 (Phb1) and prohibitin-2 (Phb2)) in infection is a new 

finding, and the interaction of prohibitins with viral proteins on the cell surface is of major 

interest for antiviral therapies. 

In this study, structural and biophysical techniques will be employed to investigate the complex 

formation between the prohibitin heterodimer and viral envelope proteins. Small Angle 

Neutron Scattering (SANS) with selective deuteration and contrast variation and Small Angle 

X-ray Scattering (SAXS) will provide solution structure information on the complexes as well 

as on the separate subunits involved. X-ray crystallography will be mainly used to determine 

the molecular structures of the respective proteins and their complexes. This will be 

complemented by NMR and chemical cross-linking data, providing additional structural 

restraints that will form the basis for data-driven docking using HADDOCK. The structural 

models generated will give a holistic view on how prohibitins interact with each other and with 

viral proteins (see [4, 5]), and may provide the basis for future development of antiviral 

therapies.Abstract text – Times 12 point. Feel free to use the full page but anything over one 

page will be cut. Images are fine, but please consider the file size. Abstracts will not be 

reproduced in colour for the conference proceedings. Please do not move margins or modify 

spacing to make the text fit.  
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