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13 March 2018

12:00 Lunch 08:00 Breakfast
12:50 Welcome and introduction by Kell Mortensen 08:30 Moderator: Gregers Rom Andersen
13:00 Moderator: Ulf Olsson Femto-second spectroscopy-The European
NanoMAX - The Hard X-ray Nanoprobe at MAX IV XFEL and ultrafast measurements by Martin
by UIf Johansson, MAX IV Meedom Nielsen, DTU
« Probe Deconvolution for Enhanced X-ray * Tracking Photoconversion with Femtosecond X-ray
Fluorescence Maps by Tiago Joao Cunha Ramos, Scattering and Spectroscopy by Kasper Skov Kjaer
DTU. * Time-resolved X-ray Absorption Spectroscopy
+ Monitoring zinc levels in biological samples using of Copper Zinc Tin Sulfide Nanoparticles by
synchrotron X-ray fluorescence imaging by Christian Rein
Deepak Jain, LU. 09:30  Moderator: Gregers Rom Andersen
» Bio-sample preparation platform for synchrotron MX by Uwe Mueller & Thomas Ursby, MAX IV
X-ray techniques by Sandra Cuellar-Baena, LU « Synchrotron serial crystallography (SSX), an
14:00 Moderator: Ulf Olsson opportunity for room temperature structure
Reflectometry (FREIA/ESTIA) by Artur Glavic, determination of proteins by Anastasya Shilova,
ESS/LU MAX IV Laboratory
« Neutron reflectometry from solid-liquid * Structural investigation of chondroitin/dermatan
interfaces by Marité Cardenas, Malmé U sulfate biosynthetic enzymes by Emil Tykesson, LU
 Relaxation pathways in a kinetically trapped, * Structurél determi.nation of.an ancient
spontaneously polarized molecular glass aquaporin by Florian Schmitz, GU
by Andrew Cassidy, AU 10:30 Coffee Break
» Self-organized magnetic nanoparticles by 11:00 Moderator: Luise Theil Kuhn
Elisabeth Josten, FZ-Julich Introduction to neutron macromolecular
15:00 Coffee break crystallography by Esko Oksanen, ESS
15:30 Moderator: Kajsa Paulsson * Neutron crystallography in structure-based drug
Introduction to neutron Imaging by Robin design by Dr. Zoé Fisher, ESS
Woracek, ESS » Deuterium labelling for neutron crystallography
 Imaging microstructures and phase changes by Katarina Koruza, LU
by Luise Theil Kuhn, DTU ¢ Optimising crystal size for triose phosphate
« Applications to bone-metal implant interfaces isomerase by Vinardas Kelpsas
by Sophie Le Cann, LU 12:00 Moderator: Luise Theil Kuhn
* Imaging with polarized neutrons by Michael SAXS and XPCS - The CoSAXS project at MAX IV
Korning Serensen, DTU by Tomas Plivelic & Ann Terry, MAX IV
e Summary by Robin Woracek, ESS e Oportunities of XPCS at MAX IV by
16:30 Moderator: Kajsa Paulsson Anders Madsen, X-FEL
Neutron Spectroscopy (BIFROST) by Kim » Acoustic levitation and SAXS to investigate
Lefmann, KU concentrated protein solutions by Pernille
¢ Quantum fluctuations on a hyperkagome Senderby, DTU
lattice by Lise @rduk Sandberg, KU e Formation kinetics of Poly-lon complexes
* Better background correction: Modelling SAtUdled E)}/Otlme—resolved SAXS by Matthias
multiple scattering and background from mann, Ui '
neutron sample environment by simulation + Summary and Perspectives by Ulf Olsson, LU
and experiment by Mads Bertelsen, KU 13:00 Short summary by Kell Mortensen
* Why are we looking at magnetic "stripes” in 13:05 Lunch
superconductors and what are they? by Sonja
Holm-Dahlin, KU
17:30 Moderator: Kajsa Paulsson
X-ray Absorption Spectroscopy and its
implementation at Balder beamline by \
Konstantin Klementiev, MAX IV unerre e, ¢
. Gresund-Kattegat-Skagei SOURCE M,AV\ Iv
* X-waste: XANES analysis of waste products European Regional Development Fund  EUROPEAN UNION ’ LABORATORY
for sustainable phosphorus management in
agriculture by Nadia Glaesner, postdoc
KU R UiO ¢ University of Oslo
* X-ray absorption and neutron diffraction studies uLNHnﬁxg COTHENBURG
of low dimensional magnetic systems by Mariusz
KUbUS, DTU / ( Technical University of Denmark DTU
18:30 Poster session and time for networking bl m =
AARHUS UNIVERSITY ~ SEAMERS  sunwansy >
19:00 Dinner
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Imaging Liver fibrosis

Anja Schmidt-Christensen’, Julia Nilsson', Nina Fransén Pettersson', Michael Gottschalk®, Rajmund Mokso? and Dan Holmberg' LUND

UNIVERSITY

1. Autoimmunity group, EMV, Lund University, Clinical Research Center, LUDC-IR, Malmé, Sweden; 2. MAX IV Laboratory, Lund University, Lund; 3. LBIC, Lund university, Lund

funded by MAX4ESSFun (LU-064)

Introduction
Formation and remodeling of the extracellular matrix (ECM)

cessive connective tissue formation, as seen in fibrosis, can
be detrimental and lead to organ failure.

Besides massive ECM accumulation, fibrosis also involves
the formation of new vessels (angiogenesis) and the estab-
lishment of abnormal angio-architecture of the liver.

We have recently developed a spontaneous animal model,
the NIF mouse, that recapitulates the process of persistent

healthy liver

Inflammatory damage
Matrix deposition (ECM)
is critical during wound healing and scar formation but ex-  chronic injury Pa'e’::hy_’“a' cell death

ngiogenisis

inflammation leading to tissue remodeling and fibrosis that is com-
monly observed in human fibrotic disorders (1).
Current noninvasive clinical and pre-clinical imaging systems are

unable to access the spatial resolution domain to reliably detect fibro-
’? —> @? sis in its early stages, when the process could potentially be stopped
Resolution

or reversed. That grand challange requires the ability to perform mul-
timodal and multitechnique imaging across all length and time scales.
Here we apply labelfree synchroton radiation and Magnetic Resonance
cirhosis  Imaging (MRI) with Optical imaging modalities and Histology.

fibrotic liver

Fic.1 SyNCHROTON-BaSeD X-Ray ToMOGRAPHY

NIF 8 weeks

Synchrotron X-ray CT experiments were conducted at
the Swiss Light Source (SLS) on the TOMCAT-X02DA
Beamline using Paraffin-embedded left lateral liver
lobes of 8-week old control (A-D) or NIF mice (E-H).

A monochromatized X-ray energy of 21 keV is set in
conjunction with a sample-to-source distance of
190mm. Zoom 20x, effective Pixel size 0,32 x 0,32 pm2.
Tomographic projections were phase-retrieved and CT
reconstructed using the Paganin Algorithm.

Image stacks were further analyzed using Imaris 9.1
(Bitplane). Shown image size is 567 x 567 x 691um
(A,C,E,G). A: Orthoslicer view of original CT Recon-
struction B: Additional channel (red) was added by in-
verting black and white values. C: surface rendering of
red channel. D: thin 3D slice (normal shading), nuclei
(inflammation) in white. Scale bar: 100um

Fic.2 MacgNeTIC RESONANCE IMAGING (MRI)

control NIF 8 weeks

Whole livers of 8-week old
healthy control (A, C) or NIF
mice (B, D) were imaged ex
vivo with a 9.4T Bruker Bio-
spec preclinical MRI system
with BGA-S gradient. A, B:
2D_RARE (spin Echo) with
109x109x700 pm3 resolu-
tion and Field of View
28x28x17mm, scale: 1cm.
C, D: 3D_FLASH (gradient
echo) with 124x124x1000
um3 resolution. and
28x28x17mm Field of view,
flip 20 degrees.

Frc.4 Historocy ANp FACS

healthy control

\:\ NIF . control

CD45* cells CD11b* cell:

ok

NIF 8 weeks

N

cellnumber/liver (x107)

0.5
0.4
0.3

0.2

Sirius RED _

0.1

Liver Hydroxyproline
[ng/ml]

- S e 00 ! N A
Chronic inflammation and fibrosis in the liver of 8 week old NIF mice. Liver sections from
8-week old NIF mice display accumulaton of inflammatory cells in areas surrounding the
hepatic portal tracts (Hematoxylin and Eosin; HE). Numbers of CD45"CD11b+ myeloid cells
are significantly increased in livers of NIF mice, analyzed by FACS. Extensive fibrosis is

illustrated by liver sections stained by Sirius RED and Hydroxyproline content (1)

by high resoltution 2-Photon microscopy (4). Blood vessels visualized by

Fic.3  OprrticaL Imacing Mobpatrties: OPT anp ACE

A: Fibrosis leads to abnormal angio-architecture of the liver

healthy control NIF 14weeks

A Healthy liver (A) or fibrotic
liver lobe pieces (B) from
14- weeks old NIF mice
were immunostained ex
vivo  with anti-smooth
muscle actin (ASMA) and
imaged by Optical projec-
tion tomography (OPT)
(2,3).
Shown is a 3D reconstruc-

— tion of the vesseltree (red).

scale bar: 2mm.
: Longitudinal imaging of ACE transplanted Liver

ex vivo OPT ASMA

post
2 weeks 9 weeks 16 weeks Transplant

E13 embryonic livers were transplanted into the anterior chamber of the mouse
eye (ACE) and imaged repeatedly at indicated time points post transplantation

in vivo ACE
blood vessels

iv injection of Angiosense 680. (green).. Scale bar: 50um.

4.Schmidt-Cl

Advances in the elucidation of the biology of fibrosis, combined with improved

technologies for assessment will provide a comprehensive framework for

design of antifibrotics and their analysis in well-designed clinical trials.
synchroton MRI ORT

field of view 0,7 x 0,7 x0,7 mm? 28 x 28 x17 mm®  ca. 25 x 25 x 25mm?
resolution 0,32 x0,32x 0,32 uym 125 x 125 x 1000pm  ca. 30um

scan time 5 min 1h 30min 15-20min

data size ca. 25Gb 5Mb ca. 300Mb
REFERENCES

1. Fransen Pettersson N et al.,Plos One 2015; 2. Sharpe J et al., Science 2002; 3. Alanentalo T et al, Nature methods 2007
1A etal., Di
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Expression in yeast

PEMBL-yex4 expression vector

Harvest

Production of human plasma
membrane calcium ATPase for
structural and functional studies

Antoni Kowalski'!, Wolfgang Knecht?, Poul Nissen'

'Department of Molecular Biology and Genetics, DANDRITE - Dan

ish Research Institute of Translational Neuroscience, Aarhus University, Denmark

2Department of Biology, LP3 - Lund Protein Production Platform, Lund University, Sweden

Plasma membrane calcium ATPase (PMCA)
belongs to family of P-type ATPases. It is a high
affinity calcium transporter which maintains
low nanomolar cytosolic Ca?* concentration. All
PMCAs are autoinhibited in a resting state and
activated by calcium-bound calmodulin. Some
of the isoforms are putatively regulated by a
two step mechanism involving calmodulin
binding sites of different affinities. Alternative
splicing of four isoforms of human PMCA gives
more than 20 potential variants, differing
mostly in the C-terminal region, which contains
regulatory CaM-binding domain. Different
tissue localization and kinetics of PMCA
isoforms and variants suggest their specific role
in fine tuning of calcium signaling.

Putative two step requlatory mechanism of activation by
calmodulin (Tidow et. al, Nature, 2012).

autoinhibited state basal activated state fully activated state

Our aim are functional and structural studies. We use
yeast and insect cells expression systems to produce
pure splice variants: housekeeping PMCA1d and other
two - PMCA2w/a and PMCA3x/a - which are especially
important for regulation of calcium homeostasis in the
brain.

Expression in insect cells

baculovirus vector system (BEVS)
(collaboration with Lund University)

Constructs:
full hPMCA
hPMCA with internal TEV site

Tevsite

Tevsite

Transformation of yeast cells by homologous
recombination
Expression culture

Workflow from gene to protein

S. cerevisiae K616 cells

PMCA

autoinhibitory
calmodulin binding
domain

Tevsite

HiS cells originate from Trichoplusia ni

Isolation of
recombinant bacmid
and verification that it
contains an insert by
PCR

constructs

™, .w

Preparation of membranes
Solubilization (detergent screen)
Calmodulin affinity chromatography
(TEV cleavage of C-terminus)
Size exclusioin chromatography

w
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Full PMCA1d
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functional experiments
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Transfection of
$f9 and/or His
insect cells =>
generation of
recombinant
virus
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expression tests
and titer
determinations

ey
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&
Western Blot
5 analysis in
whole cell lysates
(519 cells)
all constructs are
expressed

Anti-PMCA (5F10)

Future goals:

mparison of the expression level between $f9 and Hi5 cells
ge scale production of the best expressing constructs

functional studies of interaction with calmodulin and other potential protein
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structural characterization (SAXS, cryo-EM, x-ray crystallography)

We would like to thank Ewa Krupiriska and Céleste Sele from Lund Protein Production Platform LP3 for

their excellent support with expression of PMCAs in insect cells
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Ime-resolved X-ray

Absorption Spectroscopy
Sulfide Nanoparticles

of Copper

Christian Rein', Mariana Mar Lucas', Kristoffer Haldrup?, Asbjern Moltke?, Jens Uhlig3, Jens Wenzel

Andreasen’

1-DTU Energy, Technical University of Denmark, Risg, Denmark.

2 - DTU Physics, Technical University of Denmark, Lyngby, Denmark.

3 — Lund University, Lund, Sweden.

ntroduction
Photovoltaic processes of the earth abundant and non-toxic Cu,ZnSnS,
(CZTS) absorber material in 3. generation solar cells can be investigated by time resolved

X-ray absorption spectroscopy (TR-XAS) using a synchrotron-based X-ray source and synchronized laser excitation (pump-probe method) Such

experiments require high quality CZTS [1] stabilized as a nanoparticle (NP) ink as a model system, which is also applicable for low-cost up-scalable

roll-to-roll (R2R) printing.

CZTS

ersterite structured CZTS has the best
performance when the composition is Cu-poor
and Zn-rich [2] within a small region on the
phase diagram (figure 1), which reduces the
probability for detrimental secondary phases
[3]. Theoretical work has also shown that
absorber materials with this composition will

...
N Cu.S

Figure 1: The pseudoternary phase diagram with

the kesterite phase and other secondary phases

along with their crystal structures [8].

contain Cu-vacancies responsible for a p-
doping of the semiconducting CZTS [2].

Upscaling solar cell fabrication using CZTS
requires the material to be synthesized as inks
for R2R printing. Oleylamine (OLA) is
commonly used as ligands during hot inject
synthesis to stabilize CZTS NPs (figure 2-4)
[4].

30

Intensity (a.u.)
3 & 8

AN
R\

300 350 400 450 500

Raman shift [cm™"]
Figure 2: left — Raman spectroscopy data for OLA-coated
CZTS NPs. Peaks indicate kesterite structure with no

detectable signs of secondary phases. Right — TEM image.

Figure 5: Band 200 250
diagram of CZTS

(kesterite) [9].

Sn-5s/S-.

=t

| Cu=3d/S

Energy (eV)

/-

T

N

r X P

z

,Probing photoexcited CZTS with TR-XAS

Intensity a.u.

alA
Figure 3: X-ray diffraction data showing the
112-peak for OLA-coated CZTS NPs. Using the
Scherrer equation on the FWHM of the 112-
peak we estimate the size of the CZTS crystals
to be 13-17 nm.

® point 6

point 8
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Figure 4: EDX data for OLA-coated CZTS
NPs. Insert — SEM image of the samples
areas on a dropcasted sample.

Upon absorbing a photon (E

photon
band, Fig. 5), and photocarrier generation, localization and recombination occurs on the fs-, ps- and

> 1,5 eV) an electron is excited from the Cu-3d/S-3p* state (valence band) to the Sn-5s/S-3p* state (conduction

ns-scale, respectively [5-7]. Localization

reduces mobility of charges and it is therefore important to know on what atoms these localizations occur in order to improve the efficiency of the
CZTS absorber. By using TR-XAS (Fig. 6) the fate of the charge carriers in the photoexcited CZTS is interrogated at both the Cu and Zn K-edges.
We have modelled the expected change in XAS near the Cu-edge for both hole and electron trapping, and is currently comparing it to experimental

data (Fig 7).

Jet of CZTS NP ink

12
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Figure 6: Schematic representation of the pump-probe scenario
for the time-resolved x-ray absorption spectroscopy (TR-XAS).

REFERENCES:

(1) Ahmad, R., et al., Cryst. Eng. Comm., 17, 6972-6984, 2015.
(2) Bourdais, S. et al., Adv. Energy Mater., 1502276, 2016.

(3) Jung, H. R. et al., Electron Mater. Lett., 12, 139-146, 2016.
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INDUSTRIAL BIOTECHNOLOGY

CE15 Domain i | A B

Fluorescence

e Overall structure determination using small angle x-ray
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The degradation of plant biomass provides an important source of energy for
many microorganisms, and enzymes involved in these processes can be extremely
relevant for industrial applications®. One microbial strategy for degradation of this
biomass is the use of enzymes that feature multiple catalytic domains in the same
peptide, and one genus of bacteria which utilizes this strategy for plant biomass
degradation is Caldicellulosiruptor!. The characterization of a novel multicatalytic
xylanase  (GH10)/glucuronoyl esterase (CE15) enzyme produced by
C. kristjanssonii, ADQ41707.1, is the focus of this work. This work also
investigates the relevance of multiple carbohydrate binding domains within this
large protein, and how they affect the overall activity of the enzyme. Through il
investigations of this and similar multicatalyic enzymes, it should be possible to
create improved enzyme cocktails for industrial biomass degradation.

Figure 1: Graphical representation of the domain order of ADQ41707.

g
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substrates (Figure 2)

Figure 2: Activity of the CE15 domain with different model substrates. Activity is show against benzyl glucuronate at room temperature (A), allyl glucuronate at room

Limited aCtiVity was temperature (B) and benzyl glucuronate at 40°C (C).
seen on methyl 50000 Table 1: Kinetic parameters of the activity of the CE15 domain
glucu ronate, no activity was seen against methyl et ;ns;/:;lous conditions as measured in a continuous plate reader
Q
was seen against galacturonate (data not shown) £ s00. ““m
@
Benzyl glucuronate was the more preferred § 200004 22°C, Benzyl 185406
= Glucuronate
su bSt rate - 10000+ Substrate
Nearly three-fold increase in k., seen on the TG0 125£11 1,56
. T T 1 Glucuronate
benzyl glucuronate substrate at 40°C (Figure 2C) T5° . (“2’) 150 Substrate
. . . emperature (° "
CE15 domain displayed a melting temperature of _ o W B 8605 34
. . . ) T .. Figure 3: Melting temperature determination of the CE15  Glucuronate
77°C (Figure 3), in line with C. kristjanssonii domain as determined by a SYPRO Orange fluorescence ~ Substrate
ops assay.
growth conditions
40000 045 209["e Birchwood Xylan| 1
NE * GH10 Domain ¢
30000- £oas s . :
Lo £ * The GH10 domain displays xylanase
20000- 5021 5, activity when tested against both
B B birchwood and beechwood xylan with
10000 z Tos] & . o .
o g an optimal temperature of 65°C (Figure
: T T 1 : :.:4 : X 5)
0 50 100 150 2 4 6 8 0 12 14 16 2 4 6 8 0 12 14 16 .
Temperature (°C) Xylan (31) ol @) * The CBM22-CBM22-GH10 truncation
Figure 4: Melting temperature determination of the Figure 5: Activity of 50nM GH10 domain Figure 6: Activity of 500nM CBM22-CBM22- has |0Wer Xylanase activity, bUt an
GH10 domain with both CBM22s as determined by a acting on both birchwood and beechwood GH10 domain acting on both birchwood optlmal temperature of 80°C (Flgu re 6)
SYPRO Orange fluorescence assay xylan, measured at 65°C. and beechwood xylan, measured at 80°C. ) .
pH optimum of approximately pH 7,
Table 2: Kinetic parameters of the xylanase domain acting on xylan substrates as measured using the DNS assay. Si m||a r to that Of the CE15 doma | n
T ST TR SCUM (¢2ta not shown)
GH10 Birchwood Xylan 65°C 6,2+/-0,8 * The CBM22-CBM22-GH10 truncation
GH10 Beechwood Xylan 65°C 5,1+/-0,7 173 shows a melting temperature of 82°C
CBM22-CBM22-GH10 Birchwood Xylan 80°C 20,4+/-0,4 80 (Figu re 4), in line with the growth
CBM22-CBM22-GH10 Beechwood Xylan 80°C 10,5 +/-0,7 110 L. .
conditions of the source organism
Future Direction References
° Crysta”ogra phy Of |nd|V|d ual domains 1. Brunecky, R., Alahuhta, M., Xu, Q., Donohoe, B., Crowley, M., Kataeva, |., Yange, S., Resch,

M., Adams, M., Lunin, V., Himmel, M., Bomble, Y. Science 2013, 342, 1513-1516

scattering (SAXS) FORMAS @ o
* The binding affinities of the carbohydrate binding modules - Energimyndigheter
(CBMs) will be determined separately X X )
* The “boosting” effect of the multicatalytic architecture will X | @ Crose porder. @
be investigated . Science and Society indbio




Synchrotron based studies shedding light on membrane proteins:
Lup UnvessiT Tapasin and Zinc Transporter ZNT8

Faculty of Medicine

Deepak Jain, Dorota Focht, Michael O’Malley, Jens Lagerstedt*, Kajsa M Paulsson*

Zinc transporter 8 (ZNT8) Tapasin
Introduction Introduction
ity = Major histocompatibility complex type | (MHC-I) antigen presentation is a

« Diabetes today has reached epidemic proportions and it sets in when the
endocrine pancreas that is the pancreatic beta cells do not produce
enough insulin to meet the bodies demand.

key mechanism for cells to communicate their internal environment to
CD8+ immune cells.

+ CD8+ T cells distinguish normal ‘self peptides from abnormal viral or

¢ Insulinin th ic bet lls is stored as insulin hi hich
nsulin in the pancreatic beta cells is stored as insulin hexamers, which are tumour peptides, and respond by killing infected cells.

bound centrally to zinc. In beta cells, zinc is actively transported through
the zinc transports-Znts.

2078 dimer « Prior to display at the cell surface on MHC-I, endogenous antigens must be a

: e ! 2 5} .
+ The presence of polymorphism (either R or W at residue 325), confers P loaded into the MHC-I binding cleft by the peptide loading complex (PLC). _ ,,w;/,c'/ sosrnied
ither i d or d d risk of loping diabetes. [zn?*] o . _ _ ! ) o t — Unonoee
either increased or decreased risk of developing diabetes « Tapasin is a key molecule in the PLC, and one of its main functions is S
‘ . : } H
+ Interestingly human subjects carrying truncating variants of the protein | Y determining which peptides are presented by MHC-l at the cell surface. 3 ;
have 65 % reduced risk of developing T2D . ] This mechanism is still poorly understood. B
%o 150 %0 210 20 230 20 20
+ To understand the function of different domains of tapasin protein i.e. Raibalilbil

OBJECTIVE Tpngz, TpNnaze, and Tpnag, , protein of indicated size were purified and
subjected to SRCD analysis.
+ To measure zinc levels in islets of transgenic mice expressing truncated zinc transporter protein i.e. ZNT8.

OBJECTIVE
RESULTS
« To analyze the thermostability and secondary structure structure of Tpngz, Tpn,zg, and Tpnsgy using SRCD.

St ‘ EEEE RESULTS
4a 4bw Figure 4: Tapasin protein purification and SRCD measurement.
o 1 Tpnag, was purified from SF9 insect cell lysate using affinity
Il chromatography, followed by digestion with TEV protease to remove
= T the His-tag and further reverse IMAC(Figure 4a). The purity of the

| | tapasin protein was established using SDS-PAGE and Coomassie
A |t Blue staining. This showed a band consistent with the expected
| molecular weight of approximately 42kD. No additional bands were
— 1 observed in the gel, nor additional peaks in the chromatogram,
indicating that the sample was free from dimers or impurities. The
protein concentration was measured to be 0.45mg/mL (Figure 4b).

g
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Figure 1: Expression of ZnT8 in pancreatic beta cell line. LSM images of INS-1 cells after transient transfections with full

length ZNT8-mCherry construct. Insulin (green, Figure 1a) ZNT8 (red, Figure 1b) and both insulin and ZNT8 (Figure 1c) . 50
ZNT8 co-localizes with insulin as indicated by yellow colour.
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Figure 2: CRISPR knockout of ZnT8 in beat cell line leads to redistribution of Zn in beta cells. X-ray fluorescence images of 5g
cultured cells including non-modified INS1 beta cells (Figure 2a,b and c) and INS1 cells lacking one or two alleles of the

ZnT8 gene (Figure 2d,e and f), were grown on silicon nitride membrane, fixed, air dried and scanned for zinc levels at

Argonne National Laboratory. Zinc was localized in small pockets in wild type cells compared to uniform redistribution in KO

cells.

WT islets ‘ | Transgenic islets

Wsengh )

Figure 5: Thermal denaturation of Tpnsy, . Protein undergoes progressive unfolding at higher temperature (Figure 5a).
Structural transition occurs around physiological temperature i.e. 37°C, resulting in higher alpha-helical content (Figure 5b).
The secondary structure composition of Tpnsg, at 24°C matches existing crystal structure and theoretical data (Figure 5c).
Secondary structure estimation with Dichroweb quantified this transition, indicating a small but significant decrease in beta
z strand content from 41% to 37% (p<0.0001) between 24°C and 37°C, with a concomitant increase in alpha helices from 6%
to 8% (p<0.0001) (Figure 5d). The transition was also confirmed by measuring the absorbance at 222nm, a signature peak of
alpha helical proteins. This indicates a peak in alpha helical content around 37-40°C (Figure 5e). Percentage distribution of
secondary structure in different domains of tapasin protein (Figure 5f). A temperature scan of Tpn,;, showed a more typical
ellipsoidal shape, with a slightly more alpha-helical structure than Tpnag, (Figure 5g).Tpng; was revealed to have a highly
alpha helical structure (Figure 5h), due mainly to the contribution of the GrpE fusion protein (Figure 5i), which has a very
similar curve.

CONCLUSION

< This study shows that tapasin, a key molecule involved in MHC class | antigen presentation undergoes a

0.002: conformational transition in Tpn392 at 37°C, which seems to be unique to the full-length protein.

Figure 3: X-ray fluorescence images
showing zinc level distribution in islets

0.0020 of control (Figure 3a,b,c and d) and
N T transgenic animals (Figure 4a,b,c and
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Negative ions are fundamentally interesting due to
their highly correlated electrons. The photodetach-
ment process of negative ions has been investigated
for several decades[1], essentially by measurements
of total and differential cross sections where neutral
fragments are detected.

Recent activates at Gothenburg University Negative
lon Laser Laboratory (GUNILLA)[2] are:

» A novel electron spectrometer, PEARLS (Photo-
electron Energy- and Angular- Resolved Long-
itudinal Spectrometer)[3] has been designed to
perform angular resolved spectroscopy of pos-
itive and negative ions using synchrotron radi-
ation.

» Investigation of graphene on quartz plate, as a
substitute for traditional Indium Tin Oxide (ITO)
coated glass, in a neutral particle detector.
Experiments shows surprisingly good trans-
parency and less photoelectric effect working in
the UV range with photon energy up to 5.5 eV[4].

» Spectroscopy excited states of the Ru ion. The
results will be used for studies of the lifetimes
the excited states using the Double ElectroStatic
lon Ring ExpEriment (DESIREE) at Stockholm
University,

» Improvement of the ion yield of the Cs sputter
negative ion source at GUNILLA[6].
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FIG 5. Energy level diagram of Ru™ and the Ru ground state. The
arrows indicate the allowed detachment thresholds. The red
arrows are the transitions of interest, where the binding energies
of 2J=9 and 2J=7 levels have been investigated in [5].
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FIG 6. The thresholds behavior for photodetachment of Ru (J=9, 7, 5
and 3 F) into the Ru (°F) states.

The ion beam apparatus at GUNILLA is designed for
photodetachment studies using pulsed lasers in a
collinear geometry. Following laser interaction, fast
neutral atoms are detected as a function of
experimental parameters, such as laser wavelength
or laser power.

EARLS

¢ A merged beams setup.
* Interaction region of 22 cm.
* 16 detectors in 4 perpendicular directions.
¢ UHV environment of ~10° mbar.
« especially enhanced photoelectron signal.
(important when the photon flux is low,
for instance, at synchrotron radiation sites)
Measurements of the asymmetry parameter B gives
information of the amplitudes and relative phases
of the emitted electrons.

Figure 2. PEARLS shown as part of GUNILLA.

Promotion of the ion yield
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Figure 1. Overview of the ion beam apparatus at GUNILLA.
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raphene vs ITO

ITO coated glass:

* Insufficient transparency above photon energies
of 3.6 eV.

* Strong photoelectric effect above photon energies
of 4.3 eV.

Graphene:

e 225 t0 472 nm, transparency of at least 80%.

* Small photoelectric effect also above photon
energies of 4.8 eV.

* Secondary laser induced signals are several orders
of magnitude smaller than those from photo-
electron process.

Wavelength (nm)
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o
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. Excited neutrals Cs 0 L H L i i ;
L?o\):zrleecr;?or?:rgii?;d (65 to 7p state) 25 3.0 35 4.0 45 5.0 55
" Energy (eV)
. Maximum cross o )
section Similar to alkali charge Figure 3. Transmission measurement of graphene in dependence on
exchange photon energies. Data shows an overall good transparency of one
K Neutral atomic graphene layer on a quartz glass plate.
Resonant b
lonization

Cs (3.9ev) + hv (Photon) = Cs* (Excited states)
Cu (1.2ev) + Cs* (2.7ev) = Cu + Cs*

Example:
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Figure 7. Optical setup for focusing the Ti:Sa laser (10973.2 cm™)
on or close to the surface of the cathode of Cs sputter negative ion
source at GUNILLA. A Cs hollow cathode lamp is applied for
wavelength calibration.
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Figure 4. Experiment of the photodetachment and laser induced
events at photon energy of 5.51 eV. Five measurements over a range
of 15 ps have been accumulated.
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MULTISCALE MECHANICAL MODELLING OF CHALK
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Introduction Chalk Samples
Chalk is a highly porous rock formed from the » Chalk samples were taken from core plugs (25
remains of ancient algae (coccolithophores). A large mm diameter) from off-shore drilling.

volume of groundwater and hydrocarbon reservoirs
are hosted in chalk, thus being able to estimate the
mechanical response is important. Here, we
demonstrate how to combine ultra-high resolution
synchrotron based nanotomography with larger field
of view laboratory microtomography to derive
meaningful estimates of the mechanical properties of
chalk using a multiscale finite element modelling
approach.

Nanotomography

» X-ray nanotomography (nanoCT) data
were recorded on small chips (~ 100 ym
in size) at beamline BL47XU at SPring-8,
Japan with a voxel size of about 40 nm.

SPring-8, Japan

Microtomography

» X-ray microtomography (MCT) data were recorded on chips from core plugs at
the Imaging Industry Portal at the Technical University of Denmark with a voxel
size of about 1 ym.

DTU \Versa Instrument

A wradia

Mechanical Modelling

» Subvolumes of nanoCT data (6 ypm
edge length) were segmented,
meshed and imported into finite
element software (FEBio).

» Atensile testing setup was used to
calculate the subvolume’s effective
Young’s modulus, E.

» Data point for subvolumes from the
same sample were fitted with this
empirical equation (n and ¢, as
fitting parameters):

E* o \"
(-2

» The nanoscale porosity-elasticity relationship was
then used to assign material properties for every
voxel in the uCT data.

» Mechanical properties of subvolumes of uCT
data (80 um edge length) were calculated to
derive a microscale porosity-elasticity relationship
utilizing the results from high-resolution nanoCT.

Outlook: Fracturing in Peridynamics

Peridynamics, similarly to DEM @gmem;di@
depicts a porous medium as I’ 'Y g - d
spheres connected by bonds. These 2 Y
bonds can be broken thus allowing |* * *‘ i
for fracturing in the sample. First |¢ - *

comparisons between our FEM and . N )
peridynamics show good agreement =5 G °
on the elastic properties therefore 4 T.Q
moving towards fracturing in chalk . ¥ i -
will be the next step forward. .« - )
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Conclusions

We have demonstrated how to derive meaningful mechanical properties (Young’s
modulus) of chalk from X-ray tomography while combining the ultra-high
resolution of synchrotron based nanoCT with the larger field of view in laboratory
UCT. The results on the microscale are generally similar to the nanoscale input,
but for some samples there is a systematic bias towards higher values of E.;. We
will investigate this in more detail to produce reliable procedures for upscaling of
these results to the centimeter (core-plug) scale and beyond, which should prove
very valuable for industrial drilling applications.
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X-ray scattering lengths scale with the number of electrons, which
is not the case for neutrons. Neutrons can give a contrast between
near-isoelectronic scatterers, for instance the neighbouring Fe and
Co. Neutrons also provide information on the magnetic structure
and can probe large bulk samples, allowing the study of
compacted powders for use in permanent magnets.

Modern synchrotron and neutron sources provide the intensities
needed for performing never-before-seen experiments. With the
imminent launch of the scattering facilities MAX IV & ESS, it is
interesting to explore novel setups that enable new experiments at
these sites. X-ray and neutron techniques compliment each other
greatly, for instance by utilizing the difference in scattering lengths.

Reduction Setup Induction Press Setup

In the reduction setup 5% H,in Ar gas is released
through a fused silica tube at the bottom of the
sapphire sample holder. The sample is heated
with an air gun, to a maximum of ~750 °C.

-
—ﬁ' i_ Piston
I From Press

Sapphire
Tube

Fused _
Silica Tube The sapphire tube used in the induction press
setup can withstand a pressure of 100 MPa.
Induction coils will heat the graphite pistons to
temperatures of up to 1000 °C. The entire setup

will be placed in a vacuum container. /

/ Induction Press
Setup

Maximum
Temperature

Designated

Sapphire Powder

Induction
Coils

Graphite
Piston

Reduction
Setup

750°C 1000 °C

Instrument
Sample Mass

Heating Rate

Reaction Gas

DMC @ SINQ
~2 g
>100 K/min

v

POLARIS @ ISIS
~2 g
>15K/s

v

Option
Pressing
NG

Preliminary Results: Reduction of CoFe,O,

Almostall Fe(; ,,Co, O
has been reduced In situ neutron reduction experiments of

l magnetic CoFe,O, was performed on
FennCo, O'is further DMC at SINQ, varying the temperature

reduced to bec Fe(;_Co, and the flow of H,. The data shown to

the left is reduction carried out at
490°C and a 10 ml/min flow of 5 %
H,/Ar. First only the CoFe,O, peaks are
visible but this will reduce to Fe(;_,;Co,O
and further to Fe(;_,Co,. By aiming for a
mixture of magnetically hard spinel
and magnetically soft metal one can
40 60 achieve exchange coupling. A possible
th [degree] reaction mechanism is shown to the

Feﬁ -x)Cox O left.

INANO

Fe[] —x)Cox

CoFe,Ois partly
reducedto Fe(; ,Co, O

Pure CoFe,O, spinel
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Project Summary

Silicoaluminophosphates (SAPOs) are a special class of zeolites used broadly in industrial processes such as the methanol-to-
olefins (MTO) conversion and the isobutene/2-butene alkylation. During real-life industrial applications SAPOs are exposed
to humidity, a critical parameter that promotes structural changes, leading to their deactivation and consecutively total
performance loss. Although this problem has been known since the early 1990s, the mechanism governing the local
structural transformations that humidity induces in those materials still remains to be experimentally revealed. This
MAXA4ESSFUN project focused on studying in detail these structural transformations in industrially-relevant conditions. It
brought together two groups from the University of Oslo (Helmer Fjellvag’s group) and Aarhus University (Bo Brummerstedt
Iversen’s group) with extensive complimentary experience in synchrotron XRD and pair distribution function (PDF) analysis.

4 SAPO-34 SAPO-37 A Experimental Set-Up Developed: Hydration Rig

Bypass Sample

Bubbler

ID15/ESRF

- /

In-situ synchrotron PDF analysis of the local response of the Brgnsted acidic site in SAPO-34 during hydration at elevated
temperatures?

1784

§
1 3.60-380A 64 bonds.
2 3.80-390A 40 bonds.
3 3.90-400A 36 bonds.
4 4.00-410A 36 bonds.
5. 410-420A 32 bonds

= 70°C 400 °C
=130 °C 600 °C
=225 °C =700 °C
=300 °C

SAPO-34
unit cell limit|
(c-axis)

“In-situ flow MAS NMR and synchrotron PDF analyses of the local response of
the Brgnsted acidic site in SAPO-34 during hydration at elevated temperatures”,

G.N.Kalantzopoulos, F.Lundvall et al. ChemPhysChem, 2018, 19, 519-528. First SAPO-34 (and SAPO in general) structural model resolved by PDF

In-situ synchrotron PDF analysis of the mechanism leading to the amorphizaton of SAPO-37 during hydration?

+ Long-range ordered preserved up ca 130 A o 7
. — Gl

» PDF refinement highly sensitive to Al/Si/P

ratioinr<3 A
— Dry template-free framework

— Fully Hydrated » Fit quality improves inr>5 A,

SAPO-37 fitted with PDFgui

SAPO-37 2G.N.Kalantzopoulos, F.Lundvall, N.L. Nyborg, F.M.
unit cell Sgndergaard-Pedersenet al., in preperation..
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Combined Scattering and Fluorescence Mapping of Kesterite
Precursors at the NanoMAX Beamline
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Abstract: Materials with the approximate stoichiometry Cu,ZnSnS, with the crystal structure of the mineral kesterite are currently being
investigated as promising materials for thin film solar cells fabrication. Direct imaging, along with chemical analysis, can crucially contribute to
assess the quality of the process. This poster presents the results from the obtained fluorescence and scattering maps from a sample of kesterite
precursors produced by pulsed laser deposition (PLD). The obtained chemical information was compared with energy dispersive spectroscope
(EDS) measurements previously made on the same sample.

Introduction: Third-generation photovoltaic Experimental Setup: We acquired both Results: The obtained results allow the identification of
solar cells are currently under research and fluorescence and scattering maps from a thin several inhomogeneities in the kesterite precursors
development as an attractive technology for film CZTS sample, illuminated by an 10.72 keV X- deposition. The measured stoichiometric ratio between

Cu and Zn was found to be in agreement with previous

EDS measurements.

Cu K, Emission - Scan #1 7Zn K, Emission - Scan #13
0

0 o

cheap and efficient solar energy conversion.
This new type of solar cells is characterized by
its design (thin films) and by the use of non-
toxic and Earth-abundant materials with a

ray beam at the NanoMAX beamline.

potential significant decrease in energy E rrl. E .

payback time when compared to common E I E

silicon-based solar cells. ‘g ‘é "

Kesterite photovoltaics utilizing Cu,ZnSnS, D?Q ;

(CZTS) are one of the promising emerging - 215

technologies that have already demonstrated = =

a high absorption coefficient (10*cm™) and a . 1 2 - ==
direct band gap of 1-1.5 eV which allows an ! Horiz.)ontal lﬂi)sitiollxa[mn] v ! Horiél}[ltal ;’(i)sitiollld[um] "
effective energy absorption in absorber Iayers Experin‘fental Set-up.: By eI (.iata \was acuquired e detec.tor Surface overview: A large 20x20um area was mapped in order to locate hotspots
of a few microns. sl:ac::l g;fft::;?g:s‘iz:e:]zd;;: ZZZ:?:EIEa:i?r:tl::nefsrgtwyt:tetz:tizi'::% associated with non-uniform precursors distribut?on..The fluoresf:ence maps above
One of the main challenges during the same sample positions of the fluorescence measurements. :ngfns;ﬁfL;ﬁ:zr;ﬁuc;rl::gg:; ;L;::e:.nd 2 i Gl Sealinis 6ff Hi2 cEmpla
synthesis of CZTS is related with formation of

different secondary phases that compromise Data analysis: The acquired fluorescence QKo Bmission - Scan #21 fn Ko Bmission - Scan #21

the operation of this material as a photo- spectra were processed with PyMca, a dedicated

eIec.tr.ic converter. The ph.ase diagra.m. bellow software developed in the European Synchrotron
exhibits the narrow confined conditions for Radiation Facility (ESRF).

the synthesis of the desired Cu,ZnSnS, phase.

Vertical Position [pm]
Vertical Position [pm]

SnS,

0 1 2 3 0 1 2 3

0 Cu,ZnSn,Sg 2
Horizontal Position [pm)] Horizontal Position [pm)]

OCu,ZnSns,

Detailed view: A local scan of 3x2um area was performed in one of the detected
hotspots. We believe that the observed structure in the Cu and Zn fluorescence maps
is associated with the presence of a droplet on the sample surface with uneven
distribution of the CuS and ZnS precursors. Droplet structures on the sample surface
of similar dimensions were also observed in SEM images.

£

%y,

BF Diffraction Pattern - Scan #17 Scattering Map - Scan #17

Experimental Setup Definition in PyMca: The introduction of additional
information regarding the sample and experimental setup allows the
definition of the propper matrix correction coefficients required for
quantitative assessment of the precursors mass fractions in the sample.
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fTIOl. % CUZS 0t :‘\:‘mgc Spectrum
A
Kesterite Phase Diagram: Quasi-ternary phase diagram of the Cu- i\lg 88 9 92 94 96
Zn-Sn-S system at 400°C. (Olekseyuk, Dudchak & Piskach 2004) g“ Horizontal Position [;m]
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Cross Border Study of the Miscibility
Gaps in Mzﬂu&x

Hazel Reardon’, Andrey Sizov?, Lirong Song¢, A. E. C.
Palmqyvist?, P. Erhart® & B. B. Iversen?

7 9Center for Materials Crystallography, Deptartment of Chemistry &
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OptImISInq ThermoeIGCtric Figure 1 - zT equation and plot of the

* Thermoelectric materials can convert thermal gradients to electrical thermoe'ed’ictﬁ?,ure of Merit €2)) tvs-, |
. . e . . carrier concentration - various materia
potentials, ond.preseht a significant opportunity tg explqt waste heat properties must be considered to
produced by industrial effluents streams and in vehicle exhausts  gesign the ideal TE material.’
(Figure 1). Thermoelectric modules consist of p- and n- type

materials, which are assembled in to modules (Figure 2).

E. 10 102
Mag,Si;Sn, is a commercially relevant material for TE modules. . o Carter oncentaton )

a’c

» The presence of a miscibility gap in Mg,Si;_.Sn, has been the subject : P zT = —T
of much discussion in research on this particular system, and groups § = K
at both AU and CUT are probing the known 0.4=x<0.6 miscibility gap el e > Figure 2 - Representation of

region (former) and a broader region (latter) of the phase diagram.23 ) — o the a) Seebeck and b) Peltier
Z thermoelectric effects, and c)

Aim: To investigate the phase splitting that is observed in Mg,Si,. < = = al the configuration of a TE
,Sn, solid solutions within the miscibility gap at high temperature. module.

Spark Plasma Sintering (SPS) Method Preparation

b G,

3
B @ P

Pressure
Electrical Current

* Mg,Si and Mg,Sn was mixed and then packed in
to the graphite SPS die. The material was then
compressed and heated simultaneously.

¢ Compared with conventional densification methods, the complexity and
process time of the SPS method is significantly reduced (order of
magnitude), making large-scale production feasible.

* Figure shows the SPS press at Chalmers University of Technology, where
a synthesis performed as part of the project is in progress.

* The synthesis parameters were optimized to
ensure reproducibility, where the composition,
hold time, cooling rate, and temperature were
modified independently.

Powder X-ray Diffraction Observations Conclusions and Outlook

* Our understanding of the scale-up
and synthesis of the Mg,Si; Sn,
system has been greatly improved by

o~ » Samples were retrieved from the pellets our systematic SPS study; an important
28 by crushing and then floating the sample step in  commercialization of this
- in ethanol. Synchrotron data was material.
5 2H collected at SPring-8 (Japan) and Rietveld + The influence of microstructure will
o —] ‘ refinements are now in progress in be the focus of the next stage of this
2 /7 artnershio with Chalmers research, to determine how the
% e’ S p p . thermoelectric properties are
E ' J | 125 126 127 128 129 130 affected.
T T O I B * The data reveals that there are some _
] . it h inth duct. but th * A stronger collaboration between
— e Impurity phases in the product, bu ere Chalmers and Aarhus University has
— M~JLJ ol is also evidence to suggest that the been nurtured by this project, and
B [ A ' microstructure of the samples are new ventures have been discussed.
10 20 60 70 influenced by the SPS processing method

and the conditions employed.
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Abstract

We consider electrons in two dimensions with a tunable attractive interaction and a pair-hopping term deriving an effective
Ginzburg-Landau theory to study the BCS to BEC crossover. We show that a quantum phase transition from a homogeneous
superconducting state, on the BCS side, to a finite momentum superconducting state, on the BEC side, is realized for an
arbitrarily weak pair hopping term. At stronger pair-hopping amplitude the continuous quantum phase transition is pushed to
a first order transition at finite temperatures.

Pair-Density Wave versus FFLO

It is well established that various coexisiting orders, in particular spin- and charge-density wave order, are im-
portant components of the cuprate high-temperature superconductors phenomenology. A distinct state where
the superconducting order is modulated around a mean of zero has also been discussed, referred to as a pair-
density wave (PDW) state. The PDW order is a unidirectional singlet superconducting order that varies in
space as A(r) = Aqcos(Q - r) with r the center of mass coordinate. It is related to the finite momentum
pairing states originally discussed by Fulde-Ferrell and Larkin-Ovchinnikov (FFLO), but in the cuprates be-
lieved to arise in a system without spin-population imbalance. This state is suggested to play a significant role
for the anomalous suppression of superconductivity in LBCO at 1/8 doping[1] by decoupling CuOs layers[2]
and may be the mysterious “pseudo-gap state”. Any direct evidence for the state has been missing until very
recently.[3, 4] However, there is no clear understanding from microscopics of how such a state would arise.

The present work provides a framework
in  which an arbitrarily weak “Josephson-
interaction” or pair-hopping can destabilize a ho-
mogeneous strong coupling superconductor into
a PDW state. The goal is that having such a mi-
croscopic model for PDW order, more compli-
cated scenarios can be studied including spin and
charge order and key experimental signatures can
be derived.

Figure 1:  Schematic phase diagram of the pair-hopping
model in the BCS to BEC crossover. For small pair-hopping
« there is a second order transition through a quantum criti-
cal point. For larger « there is tricritical point, indicative of
a first order transition.

Model

The aim of this work is to derive a Ginzburg-Landau effective theory for a FF-like PDW state (A(r) =
AQ("Q") from a microscopic pair-hopping interaction.

H:/‘-g
H

with T'(ry —rp) = 6(r; —ry) — ad(r; —ry = A /2) where o > () describes a pair-hopping interaction, similar
to a m—phase Josephson junction.

Through the use of a Hubbard-Stratonovich transformation we can write down the partition function
7 = ZyTr ¢ PF(A) as a sum over a bosonic field A

14 )
wole) =y [ T rube)el ) sw m

Ty

1 ) 5 b .
F= / =4 p, )| A(p, i) 2+ 2 / Ap)A"(p2)A(p3) A" (p1 — p2 + p3)
P02 PP 2)
r=(p,iQ) = - /G(k+%w+7’!2j(}(7k+g —iw), b= /Gz(k‘iwj(;-’(—k‘—iw).
g . 2 .
k k

‘We use this to find the critical temperature 7¢. and chemical potential ji. by solving

T Oz or-!
_on =np+np, np=-TrI——. 3)
o

inT~'(p,0)=0, n=
n}}n (. 0) "= Vol o

where np is the free-fermion occupation and 7 ;3 the number of bosons ( or pre-formed Copper pairs).

Strong coupling limit

In the weak coupling limit o ~ 7, 13 — 00, np > np we receive the familiar BCS limit. In strong coupling
1< 0,13 = —00, np > np all fermions are essentially bound up in pairs with mass

2 5\ —1
Smepe” wan’
mp = 2m (1 - %) “)

(here ¢ is the ultraviolet cut-off). For o = 0 we find mp = 2m. For o > (0 we find an important correction. In
fact, for @ > < (— 0 for £ — 00) there exists an interaction strength for which the mass diverge, indicating
an instability towards a finite momentum, FF, state

(5)

where W is the Lambert W function.

Instability towards finite momentum supercon-
ductivity in strongly coupled superconductors

Jonatan Wardh*, Mats Granath* & Brian M. Andersen

* Department of Physics, University of Gothenburg ,'Niels Bohr Institute, University of Copenhagen

Tlee

Figure 2: The evolution of 7., Q, mp, j1, np as a function of interaction strength. Here e = 1,6y = 50, A = % where energy is

meassured in % and lengths in a. Points indicated by a red dot is not to be trusted and should be omitted.

ma’

Results

The main results are shown in Figure 2 for one set of density and A and a few realizations of .

e Fig 2a For a = 0 we see that 7. saturates at strong coupling. However, for small a (= 0.01:0.02;0.05) T
is suppressed when approaching the phase transition to finite ) ( Fig 2b).

e Fig 2b Onset of finite ordering vector (). The transition is of second order for small « and first order for
bigger a.

o Fig 2¢ The second order phase transition coincides with the divergence of the effective mass.

o Fig 2d,e By increasing a we effectively move forward the strong coupling regime. This can be seen from
the relative occupation of bosonic degrees of freedoms np/n ( in Fig 2e) accompanied by the onset of
negative chemical potential ;2 < 0 (Fig 2d).

o Note the rather violent behavior at & = 0.05. Here the transition to a finite () state occurs on what would
have been the weak coupling side. However, due to the divergent effective mass it is pulled over to the
strong coupling side at the critical point, making the critical point inherently strong-coupled.

Relevance to ESS and MAX IV

ARPES and Neutron scattering have been two
of the most important probes of the fundamental
properties of the cuprate superconductors.

o ARPES has been crucial in mapping out the
Fermi surface, the nature of the d-wave gap func-
tion, and the strong correlation properties of elec-
tronic quasiparticles.

Present work: There are very few ARPES stud-
ies of stripe ordered LBCO at 1/8th doping.[5]
Here one would have reason to expect more direct
evidence for a PDW state, exemplified in Fig.3.

e Magnetic order and magnetic spectra have
been intensively studied in the past using elas-
tic and inelastic neutron scattering, including Figure 3: Fermiarc like Fermi surface in a Fulde-Ferrell
the discovery of striped spin-density wave (SDW) state.
order.[1]

Present work: we expect that there is a subdomi-
nant triplet PDW mode j[mﬂ generated in a sys-
tem with coexisting PDW and SDW order. This
could be studied using using neutron scattering in
the superconducting state, also in a magnetic field.
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In operando studies of ScYSZ electrolyte supported symmetric
solid oxide cell by X-ray Diffraction

J.X. Sierra’, H. F. Poulsen?, P. S. Jgrgensen’, C. Detlefs3, P. Cook3, H. Simons?, C. Yildirim3, S. R. Ahl2, A. C. Jakobsen?, |. Kantor?, J. R. Bowen'
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Introduction

Solid Oxide Cells are becoming a promising solution for sustainable and renewable power generation.
Scandium doped Yttria Stabilized Zirconia is considered one of the best materials used as electrolyte
because of its high ionic conductivity and great mechanical and chemical stability under operating
conditions. Oxygen bubble formation at grain boundaries of ScYSZ near the anode/electrolyte interface
has been observed as a degradation process when running in electrolysis mode at 800 - 900 °C for
24 - 72 hours at high current densities. X-ray diffraction can provide information about structural
evolution at different depths of the cell during operation.

Structural evolution and oxygen bubble formation Dark Field X-Ray Diffraction Microscopy
Setup of the synchrotron beamline hutch  Relative d-spacing of (111) diffraction At ID06 beamline we are currently commissioning
at ESRF - ID06 Beamline: line across the cell and schematic a dark field microscope, which enables zooming
. view of the cell polarization and in on mm-sized samples and perform 3D mapping
camera bubbles found. of grains and stresses at a 100 nm scale in
_ layer scan [ regions of 200 ym. This provides unprecedented
* I opportunities for studying microstructural changes

(111) 7 sample *) 0 in operando materials.

reflection ¥ at 700 °C
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@ ; %ﬂ%ﬁﬂ% ; i Nk In another experiment run at 900 °C, snapshots at
g i # . ey 0V and 2V were taken with an interval of few
&3 -200 i AR =~ :
! ! 4 - seconds. The internal processes of the electrolyte
5 . . . .
| .% grains are unknown, further investigations are
4007 : : expected to provide more information.
-0.05 0.00 005 010 015 0.20
Depth (mm) snap OV snap 2V
A gradient in d-spacing is observed across the cell after 24 hours. Decrease of d- g2 wf g, w0'p

spacing at the anode/electrolyte region can associated to the high oxygen pressure
build up. Decrease of d-spacing in the cathode/electrolyte region could be related to
oxygen deficiency caused by the high cathodic polarization. X-ray microscopy
revealed changes in the morphology and strain domains inside one grain after 10 um um
hours running at operating conditions. Snapshots show changes in the internal
structure when the current is applied.
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Elucidating the Orientation and Interactions of
Modified Cellulose Nanocrystal Networks

Karin Sahlin®.5, Lilian Forsgren?, Tobias Moberg2:5, Ann Terry4, Tomas Plivelic?,
Mikael Rigdahl2:>, Gunnar Westman?.5

Background

into replacing fossil-based megteria'IS wﬂ;h blo-b?‘sed
me of the challenges our society is f_acmg, such as
stainable bio-based economy. It is important that
or better, performance and properties

A lot of research efforts are put
materials in order to ad_dre‘ss SOl
global warming and achieving a su

i me | |
materials show at least the same, | T e
g:‘;e:ﬁen?mrent materials on the market, and cellulose is considered an interesting

i i ments
bstitute. Cellulose nanocrystals, CNCs, show promise as a remfé)rcetnhw;r:t Zl:ce"ent
su | ric composites, among other applications, due to i
meche y_melr roperties Th'ere is however an issue with compatlb!hty betweel e
mechar;:_clg Fc)ellpulose 'and the often hydrophobic polymer matrix that p?fvethe
hydrophi lCthe desired performance. This can be addressed by chemically m°t_b'“\i/t .
achmvmgh functionalities more prone to interact with the matrix. The cqm;t)atilon an
Fowever not the only parameter affecting the performance, the orienta o e
?r&glgv;:ons of the needle-like nanocrystals will also impact the properties

therefore important to understand.
interactions and how these influences the

i ificati ore easily be tailored for
i i etwork formation, modifications can m )
gnei':;?jno:ogggti:s and performanc;e. The use of sm_all angle X-ra\q sc::::;ggm(;anr;
eﬁib!e tﬁe understanding of these systems by studying the molecular

and structure.

By understanding the molecular

Functionalisation of CNCs

The reacti i i
he ’eat:?cn presented here IS.thE foundatlon of a Three different functionalities have
petely new toolbox for tuning the performance "7 nvestiosted i e sy
and compatibility of cellulose nan B ity e different
oy e ) ose ocrystals, CNCs. e gial | ami i i
Y cting CNCs with azetidinium salts, more CNCs ~ +1/ morphotine. "< #mine
with tailored properties can be achieved. .

} Az-DAA-CNC
—/

N

Through a combination of s i

I everal characterisation
techniques as we'IIAas model reactions, it has been Mg
shlown that azetidinium salts can conjugate with
sulphate half esters on the surface of CNCs.[1 The . »

azetidinium salts are reactive under mild conditions \>/\ Az-DHA-CNC
N
|
one
weq

due to the inherent four-atom ring strain and the
cr 4
o0 oH ooy >N<>_m< o on o Q/Y\T N
W L /N
[ommmra ] . B

conjugation results in a Y-shaped substituent,
Conjugation of azetidini

ium
surface of a cellujae o salts with a sulphate half ester on the

nocrystal, resulting in a Y-shaped substituent.

Cellulose Nanocrystals

Cellulose nanocrystals, CNCs,

up of highly ordered cellulose. The
) c c . Y are prepared
acid hydrolysis of native cellulose, followepd gy ren-fg\r/gll"%};

are rod-like particles made

The rheological behaviour of the unmpdifigd
resulted in a significantly higher shear viscosity, A
of percolation was shifted from 2.5 wt.-% for the unmodified to below 0.5 wt.-%

Rheological Behaviour

as well as the modified CNCs was evaluated. Modification

ith varying effect based on the functionalisation. The onset
" hed for the modified CNCs.2]

order to achieve a colloidally

sulphate half esters, which im
CNCs also forms chiral nematic phases, which has

interesting optical properties and
i can al
mechanical properties the material. o affect the

prove the colloidal stability.

64 wt.-% H,S0, l 2h
\—/ D

At 1.3 wt.-% all modified samples exhibit a gel-
like behaviour, while the unmodified exhibits a

Upon modification, the CNCs
show a significant increase in

SAXS measurements
were carried out on a
SAXSLAB Mat:Nordic lab
instrument with a Rigaku
003+ X-ray Microfocus
Cu-radiation source and
a Pilatus 300K detector. : i
The measurements were

performed at several
concentrations, in order o

to detect any change in o
network formation. The el
graphs presented to the ;:
right are normalised to B o
sample concentration to e |05
visualise  concentration o |
dependence. e 212w

liquid-like behaviour. This suggests a shear viscosity. The opposite o
i change in particle interactions, is observed when a model N
which varies with the substance was reacted with
w substituents. azetidinium salts and _then
mixed with unmodified CNCs.
5 0]
-~ 2
B At higher shear, there is a E
é 3 crossover of the storage and g
27 momncnc loss moduli for the modified £
peliene CNCs. This indicates that the g
'3 AzDHACNC network is disrupted and the @ )
encsor suspension will have a liquid-
e w W w i like behavior at high shear. —— Az-DHA model + CNC
‘Shear steain (%) iy B e —e— Az-M model + CNC i
Storage (—) and loss (= =) modulus for \< \_},:__,L__ A & - e -
1.3 wt-% solutions of unmodified CNC, Az-M- & " ER —
CNC, Az-DHA-CNC and Az-DAA-CNC. [ o
. Proposed Interactions
Scattering

Lot Kmodisd - o e

-l AU MENC SRS

-l K AN DRALCHC XS

LK AN NG S 8
atha

More work has to be carried out before any conclusions
can be made regarding the structures of the networks,
but a possible explanation for the differences may be
due to the nature of the substituent interactions. The
morpholine functionality is prone to hydrogen bonding,
while the dihexyl substituents are hydrophobic and are
therefore likely to have hydrophobic interactions and
thg diallyl functionalities could interact by m-mr-stacking.
This may influence the way they orient and what
phases they form.
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Towards SANS studies of a repressor-antirepressor complex from a
phage genetic switch
Kim Krighaar Rasmussen', Andres Palencia?, Malene Ringkjgbing Jensen?, S. Zoe Fisher#, Leila Lo Leggio!
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Introduction
Bacteriophages are bacteria virus particles, which can be classified as lytic or temperate depending on the fate infected cells will face. Lytic bacteriophages
instigate synthesis of new progeny directly after infection, whereas temperate bacteriophages have the ability to either be lytic or lysogenic. In the lysogenic life
cycle the bacteriophage will stay latent in the bacterium’s genome until an external factor signals it to switch to the Iytic life cycle, and hence production of progeny.
TP901-1 is an example of a temperate bacteriophage infecting Lactococcus lactis, a bacterial strain heavily used in the dairy industry.
After infection, TP901-1 uses the host transcription machinery to transcribe ¢/ and mor coding for the two main regulatory proteins of the genetic switch?. Cl forms a
hexamer, and binds to three palindromic operator sites Og, O, and Op, which represses the lytic life cycle promoter (P.). The other protein MOR has been
suggested to bind to Cl, forming a complex, which binds to a still unknown DNA sequence in order to repress the lysogenic life cycle promoter? (Pg) (Fig 1 A). Until
now no structural studies have been performed on MOR. For CI structural studies have shown that CI consists of a helix turn helix (HTH) domain responsible for
DNA binding, a flexible linker providing CI with the necessary flexibility for optimal DNA binding®4. The C-terminal domain of Cl (CTD) is responsible for ) anti-immune state

(a) Immune state

Py, (repressed)

oligomerization of the hexamer. A part of CTD, CTD1, is responsible for the dimerization. A truncated variant of Cl, CIA58, that contains NTD, linker and CTD1, has P (opem
previously been shown to constitute the binding unit for the O site*.
Here we present our progress in producing, characterizing and purifying stable binary (protein/DNA) and ternary (protein, deuterated 124 o on  mor

protein and DNA) complexes, to be used in future small angle neutron scattering contrast variation studies. Figure 1 Pr
- (repressed)

/ Overview of the system Purification of complexes
Deuteret proteins Binding partners o
NTD .
cl o 1 on s CIAS8:0,
TD D, D, & NTD:MOR 200 5
1 80 89 122 180 . [ 150
ClA58 DNA Operator site L N 0.5 E
] 100
| : \
[} N 50
1 80 89 122 1 19 bp z, r===¢
NTD + linker % o -
I:I 180 200 220 240 260 280 100 100 150 20, 20 300
1 80 89 1 7 -
\Figure 2. Overview of proteins (grey, dark blue, light blue, yellow) and DNA (red) used until now. Figure 3. Purification of complexes with size exclusion chromotography /

Characterization of complex samples

K, of CI:MOR interaction Initial scattering analysis with SAXS
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Figure 4. Determination of Kd with Isothermal Calorimetric. A) Figure 5. SAXS studies of complexes (NTD:MOR, CIA58:0,)
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Results and Discussion

Simulated I(0) in contrast variation experiment of complexes . . . . . ) )
To investigate the protein:protein and protein:DNA arrangement in the two life cycle of

1(9)in cm* 1(0) in emt the genetic switch based in bacteriophage TP901-1, we aim to carry out small angle

' ) Neutron scattering contrast variation experiments. We here show that it is possible to

oa | 2 co-purify NTD:MOR, CIA58:0, and Cl:O,, a necessary step to obtain monodisperse

y I I samples. We also show that the affinity between NTD:MOR, CIA58:MOR is suitable for
I 0%

05 CI:DNA-long 0,25 CI:DNA-O,

Zi preparing stable heteromer complex. This was also evident from initial SAXS studies,
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A surface active enzyme and colonization factor
investigated by x-ray and neutron scattering
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Aim
Elucidate the solution and surface bound conformational states of V. cholerae
colonization factor N-acetyl glucosamine binding protein A (GbpA).

GbpA binds and degrades chitin surfaces

/ \
( (CBD)

GbpA in solution

The mechanism of colonization by Vibrio cholerae
| 1] 11

‘oo

- i & P ]
D% 2% 2% 2% 2% A% 0% S5 0% S5 N\
Chitin or mucin layer Chitin or mucin layer Chitin or mucin layer e \

Unknown y
GbpA interaction
partner

ooy GbpA V. cholerae

2e,0 H,0 S
2 : i\(z Enzymatic activity

V. cholerae secretes GbpA, which mediates the attachment of the bacterium to

Wong et al. 20122

chitin or intestinal mucin.

v Chitin Surface

Approach ] . " - -
We want to combine high resolution diffraction data with SAXS/SANS to angmuw-BIodgett dep05|t|on of chitin on silicon
get insight into the solution structure of GbpA. By furthermore using [ silicon wafer I B
neutron reflectometry, we can potentially map the conformational 4
state of GbpA on the surface of chitin. Mobile barrier I
To do this, we need: Air chitin Compression Air
1. Expressed and purified GbpA - monodisperse and >95 % pure. =
2. Perdeuterated GbpA - may be needed for SANS.
3. Smooth chitin surfaces - surface roughness <10 A.

Dissolved Dissolved —
chitin_~~ \

y o \. )
Stabilizing surface~__ -
pressure

Protein purification
Production of GbpA and individual domains of GbpA for structural
studies is done by expression in Escherichia coli cells. GbpA is then
isolated from periplasm and purified by anion-exchange

Water

Water

Langmuir-Blodgett deposition of chitin

. ) Atomic force microscopy
chromatography followed by size-exclusion chromatography. 6 — : : : : i
. . 5 f
Size-exclusion chromatography (SEC) SDS-Page —7
Cytoplasm  Periplasm  Before SEC  SEC, peak 1 SEC, peak2  Marker kDa 4 —
AU Peak 1 'g
| > 3 Surface area was gradually reduced.| —
3501 I 98 Z
‘ E ‘——
3001 ‘\‘ 62 E_’ 2+ 4 20pum
- 49 @n
250 Peak 2 ¥ N 7
| ] 38
[ ol |
2001 | 28
150+ I ( | 1 I I I | |
| | 17 600 700 800 900 1000 1100
1001 o Area (cm?) T
Vg 14 20 um
50 AV | . .
fi g Ny At surface pressure 5 mN/m (red Atomic force microscopy reveals that
0’7‘“'*‘”~j'" o | o arrow), the pressure was stabilized and the chitin was successfully deposited
0 20 40 60 80 100 120 ml

SAXS spectrum, full-length GbpA

chitin was deposited on silicon wafer.
Protocol modified from Taira et al.
20144,

on the surface of silicon. The surface
is covered by a layer of chitin, but
also with aggregates on top.

100
e e . L Rg=4.2 nm
10 - "'-._i_ . Challenges
05 o \ While a robust purification protocol that allows large scale production
T 1L oa SN i of GbpA has been established, several challenges are still present:
5 03] \\\ . . . . .
s / -, 1. Generation of highly smooth chitin layers that interact with GbpA
< 02 e .
01fLs / . | and can be studied by neutron reflectometry.
0.1 /’ \\\ 4
%% 4 E(nmé) 10 12 14 2. Developement of a perdeuteration protocol. This requires
0.01 0’1 1’ optimization of protein expression in enhanced minimal media.
' q(nm’")

Saxs spectrum of full-length GbpA at 37°C. A radius of gyration of 4.2 nm
corresponds to an elongated molecule based on the dimensions obtained
from the crystal structure. The shape of the pair-distance distribution
function also indicates an elongated protein.

Key references: 1 Kirn et al., Nature, 2004, 438, 863-866, 2Wong et al., Plos
Pathogens, 2012, 8 (1): e1002373, 3 Loose, J.S. et al., FEBS Lett, 2014. 588(18):
3435-40, * Taira, Y. and C.E. McNamee. Soft Matter, 2014. 10(42): p. 8558-72.
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Linking brain tissue capturing modalities: ultra-high
resolution synchrotron imaging and low resolution MR
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Abstract

Tissue from the different white matter regions of a monkey
brain was prepared and imaged by phase contrast tomography
at the synchrotrons DESY and ESRF. An initial segmentation of
the volumetric images reveals the relative trajectories of blood
vessels and axons, axonal twisting and a complex
microstructural environment never before described.

Initial Segmentation

The volumetric synchrotron images were downsampled
and filtered to make operations on them less
computationally intensive. Blood vessels could be
segmented by thresholding the lighter areas of the image
and manually initialising region growing snakes in ITK-
Snap. For the axon segmentation, a manual segmentation
of a single slice was performed and used to train a myelin
classifier. The posterior probability of the myelin obtained
from the classifier was thresholded and combined with
region growing snakes to segment the interiors of the

The acquired anatomical information can contribute to the
improvement of existing biophysical MRI models such that they
reflect the true microstructural anatomy in

O axons. Initial segmentations are shown in Figures 2-5.
, -
Figure 2. Data obtained
Bac kg round from ID16A, ESRE,

showing a slice through
a crossing fibre region of
the monkey brain. Axons
are shown in yellow and
blood vessels in red.

Neurodegenerative diseases, such as Alzheimer's, cause
anatomical changes to axons and their surrounding
myelin sheaths. Non-invasive MRl methods can estimate
these changes, but are limited to resolutions on the
order of mm and the biophysical models [1,2] on which
they are based make incorrect assumptions about 3D
axon morphology which skew the results i.e. they
assume that axons are straight. X-ray phase contrast
tomography enables high-resolution 3D imaging of the
microstructural tissue environment, required to

improve the biophysical axon model and realise

Figure 3. Crossing fibre
region of the monkey
brain, ESRF data. Axons
(yellow) and vessels
(red).

Figure 4. Mid-body

advances in in-vivo histology with clinical MRI. Figure 5. Crossing fibre region corpus callosum of the
of the monkey brain, ESRF data. monkey brain, ESRF
Axonal twisting displayed in data. Axons (yellow) and
two axons shown in red and vessels (red).
blue. Surrounding axons are

X-ray Phase Contrast Tomography il

Tissue biopsies from the white matter of an
Old World Vervet monkey were extracted as
shown in Figure 1, stained with Osmium (to
give contrast to the fatty myelin sheaths
around the axons), embedded in EPON or

Perspective

Phase contrast tomography at synchrotrons has provided
access to unique, 3D information with regards to the

paraffin and imaged at beamline P10 of p;gu,ek;, SZgi{,agslice microstructural environment in the brain. Further studies
. of monkey brain 1 H

PETRA IIl (DESY) and ID16A of ESRF at varying  shonins rarions could involve the use of a disease model to compare

I and ficlds of view. locations from which microstructural characteristics between healthy and

biopsies were taken.

diseased tissues.
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MOTIVATION TASK

UL ICRUTIg I SRRl eI [ | The [oad bearing parts* of the blades are made of UD composites.
produce and will

decrease the

By combining:
X-ray micro-CT, ultra-fast imaging and individual fibre tracking

To build longer blades we need We can measure:
composites that are: Fibre geometry and its changes under load with high precision
* Stronger To understand:
. Stiffer The link between the manufacturing processes, the real micro-structure

e and the mechanical properties of real composites.
° More resistant to fatigue * green parts in the blade on the right
Dictionary-based segmentation: Fibre Geometry Determination

. . . i ivi i i . Scan to download article

1. Flexible segmentation of material structures via Individual Fibre Segmentation The data we support: Individual fibre segmentation []

2. User-friendly training with immediate feedback 1. Densely packed UD fibres

2. Arange of fibre and matrix materials

3. Minimal user input and adaptable to the data-set

ece Figure 1: Texture sagmentation GUI

3. Fields of view (FoV) of a representative size

4. Relatively low quality scans to enable:
a) Reasonably fast scans at lab sources
b) Time-lapse in-situ loading experiments
c) Fast scanning and analysis of large FoV
Challenges in this data:
* Limited contrast between material phases
* Noise and artefacts from CT imaging
* Reduced spatial resolution (blurriness, pixellation...)

Detecting fibre 358
cross-sections

APPLICATIONS:
1. Characterisation of Real Structures 2. Evolution of Structures under Load

> Fibre orientations [1] for misalignment quantification Direction Ultra-fast imaging while compressing a composite in-situ

Magnitude Direction weighed with magnitude AIM: Investigate fibre micro-buckling and kink-band formation by tracking individual fibres 51

z

W0z
3

=
20 mm

[
Kink band

o Clamped sample (a) and fibre X-ray CT longitudinal slices in the direction of the kink-band plane. In black the field of
» Fibre diameters [4] for e.g. investigating the effects and micro-buckling modes (b,c) view (FoV) and in red the common part of the sample (Rol) as it is vertically displaced.
randomness in fibre manufacturing 0 Newtons 200 Newtons 600 Newtons 895 Newtons

1 bl

> Finite element modelling for simulations [2].
Segmented fibre geometry Stress under transverse loading
2 F AL AT

Micro-mechanical
model

SOME OF THE FINDINGS IN [5]
* At 25% of the failure load, fibres have started to tilt in approximately the kink direction
« Initially, there is a lack of fibres in the direction opposite to the kink

References
1] Emerson MJ, Jespersen KM, Dahl AB, Conradsen K and Mikkelsen LP. Individual fibre segmentation from 3D X-ray computed tomography for characterising the fibre orientation in unidirectional composite materials. Composites Part A: Applied Science and Manufacturing 2017.
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1. Introduction

U Earlier studies on deformation of rocks have indicated the existence of precursory signals before failure (Lockner et al., 1991) and final rupture is a critical point (Girard et al.,
2010). We present a quantitative analysis of physical mechanisms governing the nucleation and growth of fracture at microscale that is giving rise to macroscopic failure in
crustal rocks.

0 We have used a novel experimental technique that couples X-ray microtomography with a unique triaxial deformation apparatus, HADES, that can provide 3D-time series
images of microstructural evolution towards failure at micrometer resolution.

U These data allow characterizing the spatial and time correlations (power law) that govern the initiation of damage and the development of precursors to macroscopic failure.

2. Experimental methods
X-ray micro tomography HADES rig

—— pore pressure outlet

Shear failure in Carrara marble (M8_2)

synchrotron storage ring
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& This technique provides access to the microstructure of the sample during deformation at a spatial resolution of 6.5um and at lab time scale.
& 2D cross-sections for each scan are reconstructed into a 3D volume.
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Schematic illustrating the principle
microtomography using high energy X-rays.
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3. Results

[gle Y (o] Ao LI CICIENIN s(0) or s — microfracture size increments or avalanches; S, = size of the largest cluster; s* = upper cut-off size in the distribution; ¢ = volume
the analysis of microfractures or porosity of the sample; ¢; = initial porosity; ¢ = applied axial stress; o, = stress at failure; D = (¢- ¢;)/ ¢; : damage index; A=
(o¢- ©)/ & : control parameter, measure of distance from failure;

Stress Vs Strain Distribution of Damage Avalanches Cut-off size diverges at failure
L 5

{or) s*

s_max

i - «a;i tid o 10 o0 108
Deformauon curves for two Carrara marble samples, s
M8-1 and M8-2 of varying hetrogenity and rate of (a) Distribution (CDF — Clauset et al., 2009) of damage increments or avalanches follows a power-law distribution A

increase in applied stress. Both the samples exhibit a with an exponential cut-off, P(s) ~ s exp(-s/s*), which grows on approaching failure. (b) Values of a estimated from| |Exponential size cut-off increases on approaching
quasi-brittle failure. maximum likelihood method proposed by Clauset et al., (2009). failure and diverges at failure (A = 0).

Avalanche size as a function of its length Damage rate dlverges at failure Slmllanty dimension of microfracture network
el

T T
102 107 10°

- s\apa 1.04
- - slope =088

damage parameter, D

e 100
r r r - - ) T v 10°
107 10° 10! 10% 10° 10* 16°

largest eigenvalue A
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Plot of similarity dimension D, as a function of box size with 10 data

Change in the slope is observed at a size ~ 10 that correspond to the cut-
off in the distribution of size increments.

Damage rate increases and saturates on approaching failure with a

divergence at failure (A= 0).

points (b~2) obtained using pseudo-geometric sequence. Slope changes at
length scale, I = 0.2 mm near failure.

4. Conclusion

+¢Scaling laws and fractal dimensions obtained for the present system of a non-porous rock that exhibit a
quasi-brittle mechanical behavior argue that failure in this case is a critical phenomenon using Progressive
Damage Model (Girard et al., 2010)

«»Saturation of damage rate and size cut-off in distribution of damage increments hints for presence of
mechanisms like sub-critical crack growth and percolation.

+»Time resolved X-ray micro tomography coupled with triaxial deformation apparatus is an adaptable tool
for understanding the physical laws governing the route to shear failure.

@ Lockner, D., Byerlee, J. D., Kuksenko, V., Ponomarev, A., & Sidorin, A. (1991). Quasi-
static fault growth and shear fracture energy in granite. Nature, 350(6313), 39-42.
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conditions down to 10 km depth in the Earth. Journal of Synchrotron Radiation, 23(4).
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Introduction: Case study [1]

Task: Inspection of underwater oil pipes for
defects, cracks and residue buildup.

Problem: A narrow and high intensity X-Ray
beam is needed to penetrate the steel pipe.
— Unable to illuminate the entire pipe.
— Potential artifacts in reconstruction.

Goal: Develop new scanning and recon-
struction methodology that allows to:

« Capture details of entire pipe.
« Avoid limited-data artifacts.
» Use as few measurements as possible.

Scanning method

Microlocal analysis [2] provides a way to de-
termine which material layers are captured
in a full rotation for a given type of scan.

Centered Off-centered

N

Figure 1: lllustration of the captured ma-
terial layers for two scanning methods.

According to the theory, an off-centered
beam captures more material layers and
possible defects of the pipe.

References

Results

Scanning off-center and using a shearlet-
based reconstruction method improves im-
age quality by avoiding limited-data artifacts:

th
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Centered

\

Shearlet, a = 0.010 Shearlet, a = 0.005
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Figure 2: Reconstructions from real pipe
data with 180 measurements. Kaczmarz
algorithm [3] is with non-negativity.

The shearlet method maintains reconstruc-

tion quality with fewer measurements:

180: K

180: L2-TV, o = 0.0001 90: L2-TV, o = 0.0001

180: Shealet, o = 0.005 90: Shearlet, o = 0.005

EE

Figure 3: Reconstructions for a reduced
number of measurements (180, 90, 45).

o= 0.0005

Acknowledgements

Reconstruction method
Discrete model of the scanning process:

Ax ~ b, ™)

A € R™*" is the discretized Radon transform,
x € R" represents reconstruction «<unknown,
b € R™ are the noisy measurements.

Reconstruction based on a sparse represen-
tation of the image by shearlets:

. 1 B2
min JlAx—bIZ+alWexl,  (2)

a > 0 is the regularization parameter,
W = diag(w)) € RP*P with weights w; > 0,
® € RP*" is the shearlet analysis transform.

Shearlets are optimally sparse for rep-
resenting discontinuities along curved
edges in images [4] — high level of reg-
ularization without removing details.

We solve (2) using the ADMM method [5].

Auxiliary variable ¢ = ®x. lterative updates:
x4 i=min /1A x—blI3+ 5@ x—c + uk|i3, 3)
ckl .= min al|Well1 + Lll@ x 1 —c+uX|12, (4)

uk+1 = uk+¢xk+l_ck+l’ (5)

u are scaled Lagrange multipliers and p > 0.
The updates are calculated using:

(3): CGLS [6] + non-negativity projection.
(4): Element-wise soft thresholding.

Conclusion

With limited measurements and a narrow
beam a shearlet-based reconstruction
provide greatly improved CT images com-
pared to standard methods as shown by the
case study on real oil pipe data measured
with an off-centered scan.
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— Background

Improvements in biomass conversion are needed to advance renewable resources technologies to ultimately achieve a petroleum free society.

Lignocellulosic biomass consists mostly of cellulose, hemicellulose and lignin. Cellulose and hemicellulose are polysaccharides that, potentially, can be fermented into biofuels or converted to other high value products.

The complete hydrolysis of plant matrix require the concerted action of many enzymes as the matrix is comprised by many carbohydrate and non-carbohydrate components linked by glycosidic-, ether- or ester-bonds.

Glucuronoyl esterases (GEs), microbial enzymes discovered in 2006, break an ester bond between 4-O-Me-D-Glucuronic acids of glucuronoxylan and alcohols of lignin. These enzymes could have uses in biomass processing technologies,

by helping remove the lignin from polysaccharides, making the biomass less recalcitrant [1].

GE:s are classified into the Carbohydrate Esterase family 15 (CE15) of the Carbohydrate Active Enzymes database (http://www.cazy.org/).

Although potentially being important for bioprocessing, to-date very few of these enzymes have been biochemically characterized and only 2 protein structures of fungal origin [2][3] and 1 from bacterium origin [4] have been determined.
Genome analysis of Opitutus terrae, a biomass fermenting soil bacterium originally isolated from rice paddy soil, shows that it has 4 different CE15 gene copies within its genome. These 4 CE15 genes (A through D) have been cloned,

recombinantly produced and biochemically characterized as GEs. Here we focus on the structure determination of OtCE15A.

— Crystalllzatlon and structure determination of OtCE15A

Initial screening of OtCE15A with the Morpheus screen was performed in a stock protein concentration of 45 mg/ml in 20 mM TRIS pH 8.0
buffer.
2D optimization using the 4 best conditions, varying precipitant mix and protein concentration, was performed.
Derivatization was carried out by adding 1.0 pL of crystallization mother liquor, followed by 0.2 uL of stock solutions of heavy atom
compound to the drop containing the crystals for a final concentration of 0.5 mM of KAu(CN),.
Data for a crystal grown in 0.06 M Divalents, 0.1 M Buffer System 1, 50 % v/v Precipitant Mix 4, were collected at beamline P11 of Petra
111, DESY, Hamburg.

Figure 1:

2D optimization screen of the 4 best conditions.

1)B12: 0.1M Buffer system 3, 50% v/v Precipitant mix 4, 0.09M Halogens. *
2)A4 : 0.1M buffer system 1, Precipitant mix 4, 0.06 Divalents.
3)C12: 0.1M buffer system 3, Precipitant mix 4, 0.09M NPS.
4)G12: 0.1M buffer system 3, Precipitant mix 4, 0.1M Carboxylic acids. .

Bl e 1 i MES sl i 1630 30 | Bl s 3. (s (s BCINE, i1 5| Pt i & (5 v DD, 255G « The structure of OtCE15A was solved by molecular replacement using an unpublished structure of a bacterial CE15 from the same project,
v PEG 3350)Halogens: (0.3M Sodium floride; 03 Sodium bromide; 03 Sodium dide) | Dialns: (0.3 Magnesium chloride bevahydr

Carboxylic acids: (0.2M Sodium formate; 0.2M

Ammonium acetate; 0.2M Sodium it tibasic diydraie, 0.2M Sodium ptassum tarcate ttahydrate, 02M Sodium oxamate)

which shares 49.87% sequence identity with OtCE15A, at 1.49 A resolution.

— Structure of OtCE15A

Figure 3:

Left: Overall structure of OtCE15A4 (not published) from bacterium Opitutus terrae, The f-sheet is positioned between two clusters of a-helixes, with two f-stran
antiparallel to the others, resulting in a twisted f-sheet. The catalytic triad is displayed as green sticks. Right:
. o

Close up of the catalytic triad Ser237-His378-

Glu260 of bacterial OtCEI5A (green) superpositioned on top of the catalytic triad of the two p
and Cip2_GE (vellow, PDB: 3PIC). Picture made in Pymol.

« The structure has the typical o/p hydrolase fold

« The catalytic site of OtCE15A is proposed to be Ser237-Glu260-His378

* OtCE15A shows an extra loop at residue 111 (Phe) to 161 (Ala) compared to

hed GE structures of StGE2 PDB: 4G4

other CE1S

« Comparison between OtCE15A with Cip2_GE (PDB: 3PIC) and StGE2 (PDB: 4G4G) shows that the catalytic

triad is well preserved between fungi and bacteria throughout evolution.

Figure 4: Top left: Top view of OtCE154 superimposed with 4G4J substrate. Top
right: Top view of 4G4.J. Bottom lefi: Side view of OtCE15A superimposed with
substrate from 4G4J structure. Bottom right: Side view of 4G4J. Dark blue area
indicates the extra loop at residue 111-161. 4G4J: StGE2 mutant (S2134) in
complex with 4-O-methyl-f-D-glucopyranuronate. The ligand from 4G4J is shown
in all four pictures. Picture made in Pymol

Data collection
. Date 2017.08.27
The activity of OtCE15A has Figure 5: Source PETRA Il p 11
been tested on a number of Top: Reaction diagram showing the Wavelength (A) 0.979
model substrates, indicating On—ocH, O —oH hydrolysis of methyl 4-0-Me-D- Space group P1
higher catalytic efficiency on lo} o Glucopyranurate by the fungal GE StGE2, No ofAmoIetA:uIes in asym. Unit 1
OH OH + H,0 — = (OH OH + CHZ0H PDB 4GA4G [5]. Cell dimensions
be“Zyl glucuronale. B C’O i C’O Bottom: Activity measurements of a, b, c(A) 43.69, 44.61, 50.56
2 OH 3 OH OtCEI15A on different model substrates. a8 y(°) 75.57,66.17, 70.65
No. of measured reflections 180550 (28703)
— £l Kl No. of independant reflections 50802 (7975)
OtA activity Km (MM) Error Keat (s7) Error Keat/Km ((*M)™)  Error Resolution (&) 46.27-1.50 (1.59-1.50)
Benzyl glucuronate esterase activity 431 0.36 19.3 0.48 4.47-10°  3.8810° ?W(‘;;’ - S;g;
meas .0 (37.
Methyl galacturonate esterase activity 5.74 0.22 10.7 0.11 1.87-10° 75.8 cc() 99.9 (92.3)
p- nitrophenol acetate esterase activity Not Saturatable up to 10 mM 35.7 47 liz La G (a]
Completeness (%) 95.9 (93.3)
jund 3.55 (3.60)
Refinement
—— References Programs — Thanks Run/Rrc 0.1345/0.1597
No. Atoms
[1] Baith et al., FEBS Letters. Vol. 590(16), 2611-2618 (2016) Protein 6302
[2] Li et al., FEBS Letters. Vol 581(21), 4029-4035 (2007) *XDS (htp://xds.mpimf-heidelberg.mpg.de/) Ligand/ions 77
[3] d'Errico et al., Journal of Biotechnology. Vol. 219, 117-123 * Phenix (https:/fwww phenix-online.org/) “PETRA III Lerr ey g0z
* COOT (Imb.bioch.ox.ac.ukicoot)) *Danish instrument Center DANSCATT e
(2006) Oresund-Kattegat-Skagerrak All atoms (A 2) 26
« Pymol (http:/Awwpymol.org)) European Reglonal Development Fund  EUROPEAN UNION
[4] Williamson et al., Scientific reports, Vol. 7: 17278 (2017) Rmsd .
X Bond lengths (A) 0.008
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Using Time-Resolved Small-Angle
Scattering to Monitor Viral Capsid §{jte€rr cY B =
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UNIVERSITY Ryan Oliver!, Wojciech Potrzebowski?, Ingemar André'

Introduction. The genetic code of viruses is typically protected

by a spherical protein container. This protein capsid is

assembled from hundreds of individual proteins in a gewms00 Bt
spontaneous self-assembly process. We currently lack a
detailed structural model for how self-assembly proceeds from
the isolated subunits into the final protein capsid and how
RNA/DNA gets incorporated into the capsids. We aim to study
the capsid assembly process of hepatitis B virus using time
resolved Small-Angle Neutron Scattering (SANS). Assembly of
capsid will be triggered by mixing of capsid building blocks and
RNA and the reaction will be followed over time. Using solvent
contrast matching the structural transitions in protein and RNA i :

over time can be followed separately and this will give a unique ﬂ'exé';% remen{gr This t’T:;;i?’,‘;gZ
insight into the capsid assembly pathway and the conformation |, ... impleme.nted atpSANS2D of

Light == | |- - Detection

Delay line

Motor Motor  Motor Motor

Sample area and detector tank of|
the Bio-SANS instrument at the
High-Flux Isotope Reactor of Oak
Ridge National Laboratory -
(Tennessee, USA). of RNA. We specifically plan to study how the length of |s/s Neutron Source (Oxford, UK).

Schematic overview of stopped-flow

incorporated RNA affects the protein self-assembly pathway
and how the structure of RNA changes during the assembly
process. In parallel we develop computational methods to
analyze the experimental data by combining kinetic modeling,
structure-based scattering calculations and Bayesian statistical

Small-angle scattering. N&®8%surements Sample » Capsid formation
» Provides information Preparation. will be initiated by
about « Capsid proteins the addition of

macromolecular size forming virus-like RNA or assembly
and shape . particles buffe

- Neutrons provide o ||| .Y expressed in o iCiaatian
additional contrast- E.coli
matching ability * Purified capsid

model

» Capabilities are proteins will be

improving for smaller monitored with :
sample volumes and [T SANS during e
0 A~ A . 1&2) E.coli , unindu nd indu
time-resolved capsid formation Wi L moA PTG oveight at 31 C (324
Whole cell lysate and clarified lysate.
(5&6) Ultracentrifugation supernatant and

pellet after 14 hours at 120k x g. (M)
Molecular weight marker

=

s ab initio
reconstruction

1(q)

Data analysis.
Neutrons/

» Structure-based scattering calculations from I o
experimental data and atomic models (PDB
and Rosetta macromolecular software suite) :

» Bayesian statistical inference used to %
determine concentration and weighting of i
multiple intermediate components during el

» Assembly pathway kinetics develops a

& 5
&

wy w w3 ws ws Ws wy

modgl for protein self-assembly in viral L omones oot wahi  pranc g
capsid assembly Freeeenzaunas e SR  M——
Experimental Computational

» Experimental time-resolved scattering data for mixtures of intermediates
Progress / Future directions. are acquired (A) , , , .
. + Scattering curves are simulated for each high-resolution model of protein
» 2 successful beamtime proposals (ORNL, (B) or nucleic acid (C)
|S|S) » Based on these curves and experimental data a deconvolution algorithm
determines the weights (D), which are coupled through a kinetic model (E)

 Purification being performed and optimized . . .
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Biochemical)And Structuralinvestigationof thelGE15Familyof.Enzymes:
Important Enzymes Acting o’ leerate Hemiscellulosejromilignin
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1
9 Division of Industrial Biotechnology, Department of Biology and Biological Engineering, Chalmers University of Technology, Gothenburg, Sweden
bWallenberg Wood Science Center, Chalmers University of Technology, SE-412 96 Gothenburg, Sweden
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Background / Q .‘ Q \
* Glucuronoyl esterases (GEs) are a relatively new class of :"Q_e_/

enzymes which cleave an ester linkage connecting lignin Glucuronoyl on

to glucuronoyl xylan (Figure 1A). ; Esterasel " <,

* Putative GEs have now been identified in many biomass ( \ﬂ\ . (”‘i ﬁﬁot\o/!o
degrading microbes and the enzymes are now classified S e S CT )

into the large Carbohydrate Esterase Family 15 (CE15).

* Phylogenetic analysis of CE15 members indicates that
the family has a wide degree of sequence diversity
(Figure 1B).

* To-date, only a few GEs have been biochemically
characterized and only two protein structures, both from
only one clade of the tree, have been determined.

Objective

* To advance our understanding of the CE15 family by
biochemically characterizing and determining structures
of bacterial CE15 proteins from across the protein family.

BIOTECHNOLOGY

e @
. \"“m g
wqi
SICE15-B
s N
> PR B/ N
clo_nmg, Biochemical Crystallization /" SucE1sB @
recombinant gene characterization & structure i
expression, and on model determination Figure 1: Glucuronyl esterase reaction (A). GEs break the ester linkage between lignin (red) and
protein substrates by x-ray glucuronic acid (blue) found on xylan chains (green). Phylogenetic analysis of CE15 family
purification diffraction members found in the carbohydrate active enzyme (CAZy) database (B). Fungal CE15 proteins

represent a small portion of the diversity and cluster into two defined clades (blue
background). Whereas, CE15 members from bacterial origin are highly diverse (green text).
Yellow stars indicate the gene records that have protein structures determined and arrows
indicate CE15 proteins investigated here.

Biochemical Characterization Crystal Structure of SuCE15 C

Ko/ K.y (5IMY)
Benzyl Allyl Methyl Methyl
-
4.64x 103 880x103  6.85x10%  4.85x103
3 1.86 x 10 2.82 1.14 8.68

10 1.16 x 10* 249x10°  898x102  1.19x10°
1 1.11x 10 3.45x10°  519x102  1.95x10°
9 1.88 x 103 1.00x10°  1.55x10°  3.82x 10!
12 2.60 x 103 9.08x102  457x10?  3.66x 107
12 9.69 x 102 111x102  1.03x102  3.73x10° A PR

10 2.20 x 10 5.47 x 103 232%x10°  1.62 x 10° Crystallization Data Collection

2 2 -
L2 149 x10° 5650410 G000 SI00LGI0S Figure 2: Structure of SUCE15-C. Crystals of SuCE15-C were produced by sitting drop from 23 mg/mL of protein with
10 2.27x10* 1.57 x10* 1.66 x 10* 1.59x10* a condition from a Morpheus screen (A). X-ray diffraction image obtained from one of the crystals seen from panel
Table 1: Catalytic efficiencies of CE15 enzymes investigated on model substrates. A (B). Data were collected at beamline P11, Petra Ill, DESY, Hamburg. The structure was solved using isomorphic
Means and standard errors of duplicate measurements are presented replacement from a selenomethionine substituted protein crystal. Overall structure of the enzyme (C). Close-up
% R - : view of the proposed active showing putatively important residues (D). Proposed model of substrate, coloured as in
Not determined due to low activity figure 1, binding to the enzyme leading to catalysis (E).

INDUSTRIAL

* All of the enzymes have glucuronoyl esterase activity. * The overall fold is an afa-sandwich similar to the fungal CE15
* Many show minimal discrimination between small proteins previously solved.
and large ester substituents (methyl vs phenyl). * Contains the catalytic triad (Glu-His-Ser) of serine hydrolases.
e Enzymes from clades 11 and 12 discriminate between » Differences lie mostly on the surface of the protein leading to
uronate substrates (Me-Glc vs Me-Gal). possible differences in substrate recognition.
* Modelling of a proposed glucuronoyl xylan into the active site
Futu re Work has lead to hypothesized roles for specific residues.

. . . . Cross Border
* Co-crystallization of SuCE15-C with ligands. WALLENBERG WOOD  Oresund-Kattegat-Skagerrak

Science and Society
SCIENCE CENTER European Regional Development Fund

* Investigating hypothesized roles of active site residues. WWSQOC Interreg - @ ESS & MAX IV:
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Numerical Methods for 3D Inversion of Diffraction Patterns

Tiago Ramos? , Martin Skovgaard Andersen®, Jens W. Andreasen?

aTechnical University of Denmark — Department of Energy Conversion and Storage, Roskilde, Denmark
aTechnical University of Denmark — Department of Applied Mathematics and Computer Science, Lyngby, Denmark

Abstract: The ability to image the nanoscale internal structure of numerous engineering and biological systems is considered to be a crucial tool for
their study and understanding in order to promote further technological research and development. Coherent Diffraction (or Diffractive) Imaging
(CDI) is an X-ray microscopy variant that does not rely on optical lenses and therefore has the ability to return higher spatial resolutions than the
current numerical apertures for X-ray lenses. Here we present a numerical algorithm for 3D combined phase-retrieval and tomographic
reconstruction of far-field coherent diffraction patterns. Our model supports the description of a 3D flexible projection geometry setup, which
extends its application to large fields-of-view (ptychography) and allows the introduction of tilts and translations between the sample and detector

for each acquired diffraction pattern.

Introduction: Three-dimensional phase-
contrast imaging usually comprises three
different successive steps: phase-retrieval,
tomographic alignment and tomographic
reconstruction. Phase-retrieval algorithms
for coherent diffraction imaging are already
well established in the literature but are
limited to the reconstruction of a two-
dimensional complex transmissivity
function that is later used as a projection
imaging in conventional tomographic
reconstruction algorithms.

An exception to this traditional approach is
the work done by Simon Maretzke and Tim
Salditt [1] that successfully implemented a
combined phase-retrieval and tomographic
reconstruction for in-line holography
measurements.

In our work, we generalized the forward
projector operator, so that it accounts for
limited fields-of-view on the sample and
allows the introduction of additional
degrees of freedom such as sample
translations and tilts relative to the
detector.

The combined  phase-retrieval and
tomographic reconstruction is framed as a

non-linear inverse problem, solved by
means of the Levenberg-Marquadt
algorithm.

The forward and backward operators are
GPU accelerated, assisted by the ASTRA
toolbox [2], for faster computations on
large datasets.

Methods: For a given sample described by
its complex refractive index n=1-4 +
iB, the measured intensities in the X-ray
detector are modelled according to

where F represents the two-dimensional
Fourier Transform operator, P the probe
function and Q the domain or field-of-view
of the sample at each scanning coordinate.

2

Jmeas .

ikjﬂ —5+ip

F {P exp

Exit Wave

Incoming Wave

Focusing Optics

Sample
n=1-6+ip

General Experimental Setup: Data acquisition in Scanning CDI. An incoming
coherent parallel X-ray beam is focused in a region of interest of the sample.
The incoming wavefield is attenuated and phase shifted according to the
sample refractive index and further propagated to the detector plane (Far-

Tomographic Reconstruction of simulated data: On the top: Central
slices of the sample phantom, on the bottom: Central slices of
reconstructed tomograms. The pixel intensities represent the real
and imaginary decrement of the sample complex refractive index.

field propagation = Fourier Transform).

Preliminary reconstruction results: Sagittal cuts over reconstructed tomogram. On the left: real decrement of refractive index related to the sample
scattering power; on the right: imaginary decrement of refractive index related to the sample absorption. These reconstructions were obtained after 6
iterations of the Levenberg-Marquardt algorithm for a total of 2880 diffraction patterns with dimensions 100x100 Pixels. Weakly absorbing samples result

in poor reconstructions of the imaginary part of the refractive index.

Flexible Projector Geometry: Besides its GPU implementation, for fast computations,
the ASTRA toolbox is specially convenient to define more general projection geometries.
The tomographic reconstructions here pi resulted from si diffraction
patterns acquired at random orientations as illustrated above.

Acknowledgements: We would like to acknowledge
Simon Maretzke and Tim Salditt for their previous related
work in in-line holography (near-field) that served as a solid
inspiration and starting point for our current research.
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Multi-phase 3D Image Segmentation
with Tetrahedral Mesh

o
Tuan N n
ua . guye ‘
DTU Compute, Technical University of Denmark
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| Abstract I ‘ 3. Intensity based segmentation

We propose a method for 3D image segmentation using tetrahedral mesh. Our model is a de-
formable model that deforms the mesh to capture the segmenting regions. The advantages
of our method are: multi-phase segmentation; output is a tetrahedral mesh.

| 1. Motivation |

Segmentation of CT scan is an important tool for material analysis. Generally, the segmen-
tation can be represented using implicit representations (e.g. the level set) or explicit rep-
resentations (e.g. tetrahedral mesh). Among these two, explicit representations show more
advantages for analysis:

e It is easier to measure quantitative information (surface area, curvature, etc.)

e Ready for simulation like FEM

Traditional approaches to obtain a 3D explicit segmentations usually consist of two steps:
First segment individual 2D slice with implicit representation; and then generate a tetrahedral
mesh from these 2D segmentation. This procedure takes time and reduce the accuracy of
the segmentation (Fig. 1).

Figure 1: Traditional approach. (a) 2D segmentation of individual slice (b) Surface/domain
mesh generation

In our approach, we segment 3D image using a tetrahedral mesh directly. The advantages
of our method include: Multi-phase segmentation, output is a tetrahedral mesh, and higher
accuracy.

2. Approach I

Segmentation representation: We label the tetrahedra to the material they belong to. Tri-
angles (faces), whose co-boundary tetrahedra have different labels, define the surface. The
unknown we need to solve is the surface vertex positions and the labeling function.

Dynamics model: We utilize deformable model (active contour) that deforms the mesh it-
eratively to capture the segment, and it helps our method be strong to noise and artifact [2].
We derive the deformation forces by minimizing the Mumford-Shah [1] energy function.

E= /(1 9)%dQ + a Area(T') (1)

An example of deforming mesh in 2D is shown in Fig. 2.

a) Original image (b) Output (c) Cropped region (d) Mesh in the cropped region
e) Initialization (f) Iteration 2 9) lteration 30 (h) lteration 150

Flgure 2: Evolution of the mesh. Top row: Or/g/na/ image and segmentation; Bottom row:
evolution of the mesh

Fig. 3 shows the segmentation using the image intensity as the input. All the segmentations
contain three phases, but our method can handle arbitrary number of phases.

(d) Cement, material 1

Figure 3: 3D segmentations of fuel cell (top row) and cement (bottom row)

(e) Cement, the air (f) Cement, material 2

‘ 4. Probability input

The input of our method can be flexible. Fig. 4 shows an example where pure intensity could
not distinguish the orientations of the carbon fiber bundles. By applying an orientation filter,
we obtain the probability maps. The probability maps can be used as input to our method.

(a) Scan of fuel cell bundle (b) Probability of orientation 90° (c) For orientation and the air (yellow)

(9) 90°
Figure 4: Segmentation using orientation filter

Fig. 5 shows another example, where we use probability from dictionary method as the input.

Figure 5: Segmentations use patch similarity

5. Segmentation tool | ’

6. Future works

[1] David Mumford and Jayant Shah. Optimal approxima-
tions by piecewise smooth functions and associated vari-

We are planning to make our method available to public.
o C++ source code

We are implementing adaptive resolution mesh for optimal
representation of the mesh.

ational problems. Communications on Pure and Applied
Mathematics, 42, 1989.

[2] Chenyang Xu, Jerry L Prince, and Dzung L. Pham. Im-

e Binary executable ‘
o Possible to run on the miGrid or any cluster server
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Proteins are of enormous importance to life on earth and
have a multitude of different functions in all organisms. They
can work as enzymes, gene regulators, structural
components, transporters, and receptors. In disease, most ‘
drugs act on proteins. It is therefore unsurprising that the =~ = .
structures and mechanisms of proteins are prominent topics

in life science research.

uuuuuuu

uuuuuu

Access to both state-of-the-art X-ray (MAX IV) and neutron
sources (ESS) will increase the capacity for innovation in the
life sciences in Lund. To enable efficient use of these unique
and powerful facilities by Lund researchers, Lund University
hosts the Protein Production Platform, LP3 (www.lu.se/lp3).

£ st S S e
LP3 and DEMAX are located in the Biology
building A, Solvegatan 35, Lund, Sweden.
(Ip3@biol.lu.se, www.lu.se/lp3), close to the
sites for MAX IV and ESS.

The DEuteration and MAcromolecular Xtallization (DEMAX)
platform of the European Spallation Source ERIC (ESS) co-
localized with LP3 in 2016.

LP3 can help with:
4 P

Bio-deuteration

In neutron macromolecular crystallography
production of deuterated proteins is
critical. The incoherent neutron scattering
from hydrogen generates a high
background that can be reduced by
replacing hydrogen with deuterium. DEMAX
and LP3 are coordinating in their efforts to
develop cost-effective methods for:

Protein production

* Plasmids for protein production
* Recombinant protein production: J@;"T";bp y :.tf
a. in bacteria (E. coli) ol - N;/\(
b. in eukaryotic (insect) cells

* Protein labeling with stable isotopes (2H, 13C, 15N)
* Protein purification

* Production of deuterated proteins for
macromolecular crystallography

» Crystallization of interesting proteins for
neutron work

* Production of labeled proteins/lipids for
neutron reflectometry.

High-throughput crystallization

LP3 can carry out sample characterization and
a wide variety of nano-volume robot-assisted
crystallization experiments with:

+ SEC, DSF and DLS

* Mosquito nanolitre pipetting robot with LCP
+ UV imaging system with plate hotel

Structure determination

» Applications for beamtime at synchrotron facilities

e Collect and process x-ray data

= - A Strategic Research Area £ e‘ > =
( | a E at Lund University nnerr 9
Oresund-Kattegat-Skagerrak

European Regional Development Fund ~ EUROPEAN UNION

For further information:
www.lu.se/lp3

Distribution of LP3 users
Brief Facts 2017

45 users | 91 unique
deliveries in 53 protein
production projects | 158 P

protein crystallization /\”H

plates | 10 visitors at LP3 © Facultyof

Medicine
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