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12 March 2018

12:00 Lunch
12:50 Welcome and introduction by Kell Mortensen
13:00  Moderator: Ulf Olsson

 NanoMAX – The Hard X-ray Nanoprobe at MAX IV 
by Ulf Johansson, MAX IV
•  Probe Deconvolution for Enhanced X-ray 

Fluorescence Maps by Tiago Joao Cunha Ramos, 
DTU.

•  Monitoring zinc levels in biological samples using 
synchrotron X-ray fluorescence imaging by 
Deepak Jain, LU.

• Bio-sample preparation platform for synchrotron
X-ray techniques by Sandra Cuellar-Baena, LU 

14:00  Moderator: Ulf Olsson

 Reflectometry (FREIA/ESTIA) by Artur Glavic, 
ESS/LU
•  Neutron reflectometry from solid-liquid

interfaces by Marité Cardenas, Malmö U

•  Relaxation pathways in a kinetically trapped,
spontaneously polarized molecular glass
by Andrew Cassidy, AU

•  Self-organized magnetic nanoparticles by
Elisabeth Josten, FZ-Jülich

15:00 Coffee break 
15:30  Moderator: Kajsa Paulsson

Introduction to neutron Imaging by Robin 
Woracek, ESS
•  Imaging microstructures and phase changes

by Luise Theil Kuhn, DTU

• Applications to bone-metal implant interfaces
by Sophie Le Cann, LU

• Imaging with polarized neutrons by Michael
 Korning Sørensen, DTU

• Summary by Robin Woracek, ESS

16:30  Moderator: Kajsa Paulsson

 Neutron Spectroscopy (BIFROST) by Kim 
Lefmann, KU
•  Quantum fluctuations on a hyperkagome

lattice by Lise Ørduk Sandberg, KU

•  Better background correction: Modelling
multiple scattering and background from
neutron sample environment by simulation
and experiment by Mads Bertelsen, KU

• Why are we looking at magnetic ”stripes” in
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
•  X-waste: XANES analysis of waste products

for sustainable phosphorus management in
agriculture by Nadia Glæsner, postdoc
KU

•  X-ray absorption and neutron diffraction studies
of low dimensional magnetic systems by Mariusz
Kubus, DTU

18:30 Poster session and time for networking 
19:00 Dinner 

13 March 2018 

08:00 Breakfast
08:30 Moderator: Gregers Rom Andersen 

 Femto-second spectroscopy - The European 
XFEL and ultrafast measurements by Martin 
Meedom Nielsen, DTU
•  Tracking Photoconversion with Femtosecond X-ray

Scattering and Spectroscopy by Kasper Skov Kjær

•  Time-resolved X-ray Absorption Spectroscopy
of Copper Zinc Tin Sulfide Nanoparticles by
Christian Rein

09:30 Moderator: Gregers Rom Andersen

MX by Uwe Mueller & Thomas Ursby, MAX IV
•  Synchrotron serial crystallography (SSX), an

opportunity for room temperature structure
determination of proteins by Anastasya Shilova,
MAX IV Laboratory

•  Structural investigation of chondroitin/dermatan
sulfate biosynthetic enzymes by Emil Tykesson, LU

•  Structural determination of an ancient
aquaporin by Florian Schmitz, GU

10:30 Coffee Break  
11:00 Moderator: Luise Theil Kuhn 

Introduction to neutron macromolecular 
crystallography by Esko Oksanen, ESS
• Neutron crystallography in structure-based drug

design by Dr. Zoë Fisher, ESS

• Deuterium labelling for neutron crystallography
by Katarina Koruza, LU

• Optimising crystal size for triose phosphate
isomerase by Vinardas Kelpsas

12:00 Moderator: Luise Theil Kuhn

 SAXS and XPCS - The CoSAXS project at MAX IV 
by Tomás Plivelic & Ann Terry, MAX IV
•  Oportunities of XPCS at MAX IV by  

Anders Madsen, X-FEL

•  Acoustic levitation and SAXS to investigate
concentrated protein solutions by Pernille 
Sønderby, DTU

•  Formation kinetics of Poly-Ion complexes
studied by time-resolved SAXS by Matthias 
Amann, UiO

• Summary and Perspectives by Ulf Olsson, LU

13:00 Short summary by Kell Mortensen 
13:05 Lunch

Programme







Production of human plasma

membrane calcium ATPase for 

structural and functional studies
Antoni Kowalski1, Wolfgang Knecht2, Poul Nissen1

1Department of Molecular Biology and Genetics, DANDRITE – Danish Research Institute of Translational Neuroscience, Aarhus University, Denmark
2Department of Biology, LP3 – Lund Protein Production Platform, Lund University, Sweden
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We would like to thank Ewa Krupińska and Céleste Sele from Lund Protein Production Platform LP3 for 
their excellent support with expression of PMCAs in insect cells
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functional experiments

reconstitution & 
preliminary EM 

analysis

Frauenfeld et al., 2016, Nature Methods,13, 345

Stain: 2% uranyl 
formate

2D classification in 
RELION 2.0

Future goals:
! comparison of the expression level between Sf9 and Hi5 cells
! large scale production of the best expressing constructs
! functional studies of interaction with calmodulin and other potential protein 

partners
! structural characterization (SAXS, cryo-EM, x-ray crystallography)
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PMCA1d                PMCA1d-∆C

Plasma membrane calcium ATPase (PMCA)
belongs to family of P-type ATPases. It is a high
affinity calcium transporter which maintains
low nanomolar cytosolic Ca2+ 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 regulatory mechanism of activation by
calmodulin (Tidow et. al, Nature, 2012).

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.



Probing photoexcited CZTS with TR-XAS 

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

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

Introduction 

Photovoltaic processes of the earth abundant and non-toxic Cu2ZnSnS4  

(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 

Kesterite 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 

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]. 

 

Time-resolved X-ray Absorption Spectroscopy of Copper Zinc Tin 
Sulfide Nanoparticles 

 

Christian Rein1, Mariana Mar Lucas1, Kristoffer Haldrup2, Asbjørn Moltke2, Jens Uhlig3, Jens Wenzel 

Andreasen1 
1 - DTU Energy, Technical University of Denmark, Risø, Denmark. 

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

3 – Lund University, Lund, Sweden. 
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Introduction

Kest it st ct ed CZTS ha th

Figure 1: The pseudoternary phase diagram with 

the kesterite phase and other secondary phases 

along with their crystal structures [8]. 

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. 

Probingg phphotoexcited CZTS with XAS
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Figure 4: EDX data for OLA-coated CZTS 

NPs. Insert – SEM image of the samples 

areas on a dropcasted sample. 

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. 

Laser pump pulse 

X-ray probe pulse 

Jet of CZTS NP ink 

Energy (eV) 

μ
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) 
/ a
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. 
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Figure 5: Band 

diagram of CZTS 

(kesterite) [9]. 

Figure 6: Schematic representation of the pump-probe scenario 

for the time-resolved x-ray absorption spectroscopy (TR-XAS). Figure 7: Models of Cu-edge XAS change upon photoexcitation. 



!"#$%&'()&'*"+'"&*+,'("*-$,,.,*%'-+/'*0)%%+1234*,2%'%+/2+)+"*#$,+

&1$40*%&)/,$+52,)")%$6(,.-.4*"*2,+$%&$4)%$+0.,&'-)&),2&'-+

$"720$+84*0+!"#$%&'##(#)*%+(,-)+ .+%*-/"0**)0%%
!"#$%&'("$"#)$*+,"#$-"&'.&/#(

!"#"$"%&'%(')&*+$,-"./'0"%,123&%/%456'!17.-,81&,'%('0"%/%45'.&*'0"%/%4"2./'9&4"&11-"&4': ;3./81-$'<&"#1-$",5'%('=123&%/%456'>?,1@%-46'AB1*1&

C-$C.D23./81-$E$1

0
1

!
2

3
4
5
0
6
-
$
7
0
8

4
9
:
;
1

8
-
8

<
=

>?@?&A$!/&AB@/+#

!"#$%&%"# '()*(+, !-.&))*(%#/0,

CCD:E$7A#FGH

<H?B?&+#"@A$

3?.'@&"@A

IJEK$L MEN IEIJ

CCD:E$6HHGH

<H?B?&+#"@A$

3?.'@&"@A

ICK$L II IEKN

OMD:E$7A#FGH

<H?B?&+#"@A$

3?.'@&"@A

JEN$L MEP QEO

:9IK$!+R"/#

<;IM$!+R"/#

!"#1&23-& 4351&2.&6 76(862.&326 '( *9:;/0, !-.&)*1
/0,

<;IM 7/&B,S++)$TGH"# NKD: NEC$UVW MEJ JM

<;IM 7AAB,S++)$TGH"# NKD: KEI$UVW MEX IXQ

:7YCCW:7YCCW<;IM 7/&B,S++)$TGH"# JMD: CMEO$UVW MEO JM

:7YCCW:7YCCW<;IM 7AAB,S++)$TGH"# JMD: IMEK$UVW MEX IIM

< = !

>%9326)?@ 6B@/Z/@G$+[$@,A$:9IK$)+R"/#$S/@,$)/[[A&A#@$R+)AH$'?.'@&"@A'\$6B@/Z/@G$/'$',+S$"]"/#'@$.A#FGH$]H?B?&+#"@A$"@$&++R$@AR^A&"@?&A$_6`E$"HHGH$]H?B?&+#"@A$"@$&++R$

@AR^A&"@?&A$_7`$"#)$.A#FGH$]H?B?&+#"@A$"@$OMD:$_:`\

7.5A6)?@)%/#A@/B$^"&"RA@A&'$+[$@,A$aGH"#"'A$)+R"/#$"B@/#]$+#$aGH"#$'?.'@&"@A'$"'$RA"'?&A)$?'/#]$@,A$!13$"''"G\

>%9326)B@)6B@/Z/@G$+[$KM#Y$<;IM$)+R"/#$

"B@/#]$+#$.+@,$./&B,S++)$"#)$.AAB,S++)$

aGH"#E$RA"'?&A)$"@$NKD:\

>%9326)0@ <&"^,/B"H$&A^&A'A#@"@/+#$+[$@,A$)+R"/#$+&)A&$+[$6!bOIXMX\

7.5A6)0@ %/#A@/B$^"&"RA@A&'$+[$@,A$"B@/Z/@G$+[$@,A$:9IK$)+R"/#$

/#$Z"&/+?'$B+#)/@/+#'$"'$RA"'?&A)$/#$"$B+#@/#?+?'$^H"@A$&A")A&$

"''"G\

>%9326)C@)YAH@/#]$@AR^A&"@?&A$)A@A&R/#"@/+#$+[$@,A$:9IK$

)+R"/#$"'$)A@A&R/#A)$.G$"$3=c58$8&"#]A$[H?+&A'BA#BA$

"''"G\

>%9326)D@YAH@/#]$@AR^A&"@?&A$)A@A&R/#"@/+#$+[$@,A$

<;IM$)+R"/#$S/@,$.+@,$:7YCC'$"'$)A@A&R/#A)$.G$"$

3=c58$8&"#]A$[H?+&A'BA#BA$"''"G

F 4,A <;IM )+R"/# )/'^H"G' aGH"#"'A

"B@/Z/@G S,A# @A'@A) "]"/#'@ .+@,

./&B,S++) "#) .AAB,S++) aGH"# S/@,

"# +^@/R"H @AR^A&"@?&A +[ NKD: _>/]?&A

K`

F 4,A :7YCCW:7YCCW<;IM @&?#B"@/+#

,"' H+SA& aGH"#"'A "B@/Z/@GE .?@ "#

+^@/R"H @AR^A&"@?&A +[ JMD: _>/]?&A N`

F ^; +^@/R?R +[ "^^&+a/R"@AHG ^; XE

'/R/H"& @+ @,"@ +[ @,A :9IK )+R"/#

_)"@" #+@ ',+S#`

F 4,A :7YCCW:7YCCW<;IM @&?#B"@/+#

',+S' " RAH@/#] @AR^A&"@?&A +[ JCD:

_>/]?&A O`E /# H/#A S/@, @,A ]&+S@,

B+#)/@/+#' +[ @,A '+?&BA +&]"#/'R

F :&G'@"HH+]&"^,G +[ /#)/Z/)?"H )+R"/#'

F 8ZA&"HH '@&?B@?&A )A@A&R/#"@/+# ?'/#] 'R"HH "#]HA aW&"G

'B"@@A&/#] _36T3`

F 4,A ./#)/#] "[[/#/@/A' +[ @,A B"&.+,G)&"@A ./#)/#] R+)?HA'

_:7Y'` S/HH .A )A@A&R/#A) 'A^"&"@AHG

F 4,A d.++'@/#]e A[[AB@ +[ @,A R?H@/B"@"HG@/B "&B,/@AB@?&A S/HH

.A /#ZA'@/]"@A)

4,A )A]&")"@/+# +[ ^H"#@ ./+R"'' ^&+Z/)A' "# /R^+&@"#@ '+?&BA +[ A#A&]G [+&

R"#G R/B&++&]"#/'R'E "#) A#FGRA' /#Z+HZA) /# @,A'A ^&+BA''A' B"# .A Aa@&ARAHG

&AHAZ"#@ [+& /#)?'@&/"H "^^H/B"@/+#'I\ 8#A R/B&+./"H '@&"@A]G [+& )A]&")"@/+# +[ @,/'

./+R"'' /' @,A ?'A +[ A#FGRA' @,"@ [A"@?&A R?H@/^HA B"@"HG@/B )+R"/#' /# @,A '"RA

^A^@/)AE "#) +#A ]A#?' +[ ."B@A&/" S,/B, ?@/H/FA' @,/' '@&"@A]G [+& ^H"#@ ./+R"''

)A]&")"@/+# /' !"#$%&'##(#)*%+(,-)+I\ 4,A B,"&"B@A&/F"@/+# +[ " #+ZAH R?H@/B"@"HG@/B

aGH"#"'A _<;IM`V]H?B?&+#+GH A'@A&"'A _:9IK` A#FGRA ^&+)?BA) .G

!. /+%*-0"1**)1%%E 6!bOIXMX\IE /' @,A [+B?' +[ @,/' S+&(\ 4,/' S+&( "H'+

/#ZA'@/]"@A' @,A &AHAZ"#BA +[ R?H@/^HA B"&.+,G)&"@A ./#)/#] )+R"/#' S/@,/# @,/'

H"&]A ^&+@A/#E "#) ,+S @,AG "[[AB@ @,A +ZA&"HH "B@/Z/@G +[ @,A A#FGRA\ 4,&+?],

/#ZA'@/]"@/+#' +[ @,/' "#) '/R/H"& R?H@/B"@"HG/B A#FGRA'E /@ ',+?H) .A ^+''/.HA @+

B&A"@A /R^&+ZA) A#FGRA B+B(@"/H' [+& /#)?'@&/"H ./+R"'' )A]&")"@/+#\

I\ 7&?#AB(GE 5\E 6H",?,@"E Y\E T?E b\E !+#+,+AE 7\E :&+SHAGE Y\E %"@"AZ"E 0\E ="#]AE 3\E 5A'B,E

Y\E 6)"R'E Y\E -?#/#E f\E ;/RRAHE Y\E 7+R.HAE =\ 3B/A#BA CMIQE QOCE IKIQWIKIN

5A[A&A#BA'

F 6B@/Z/@G$',+S#$?'/#]$

.+@,$.A#FGH$

]H?B?&+#"@A$"#)$"HHGH$

]H?B?&+#"@A$"'$

'?.'@&"@A'$_>/]?&A$C`

F -/R/@A)$"B@/Z/@G$S"'$

'AA#$+#$RA@,GH$

]H?B?&+#"@AE$#+$"B@/Z/@G$

S"'$'AA#$"]"/#'@

F 7A#FGH$]H?B?&+#"@A$S"'$@,A$R+&A$^&A[A&&A)$

'?.'@&"@A

F 1A"&HG$@,&AAW[+H)$/#B&A"'A$/#$/B"@ 'AA#$+#$@,A$

.A#FGH$]H?B?&+#"@A$'?.'@&"@A$"@$OMD:$_>/]?&A$C:`

F :9IK$)+R"/#$)/'^H"GA)$"$RAH@/#]$@AR^A&"@?&A$+[$

XXD:$_>/]?&A$Q`E$/#$H/#A$S/@,$!.2/+%*-0"1**)1%%

]&+S@,$B+#)/@/+#'

>%9326)E@)6B@/Z/@G$+[$KMM#Y$:7YCCW:7YCCW

<;IM$)+R"/#$"B@/#]$+#$.+@,$./&B,S++)$

"#)$.AAB,S++)$aGH"#E$RA"'?&A)$"@$JMD:\

S"' 'AA# "]"/#'@ RA@,GH

]"H"B@?&+#"@A$_)"@"$#+@$',+S#`



!"#$%&'(&'#)*+,-.),(/.0-,),%-..0#1)201%()'#)3-3*&+#-)4&'(-0#,5)

6+4+,0# +#.)70#$)6&+#,4'&(-&)7869
!""#$%&'$()*&!+,+-$ .+/0-*&1(/0$"2&341$22"5*&'")6&7$8",6-"9-:*&;$<6$ 1&&=$>266+):

70#$ (&+#,4'&(-& 9 : 7869;

<#(&'./$(0'#

? !($@"-"6 -+9$5 0$6 ,"$/0"9 "#(9"A(/ #,+#+,-(+)6 $)9 (- 6"-6 () B0") -0"

")9+/,()" #$)/,"$6 -0$- (6 -0" #$)/,"$-(/ @"-$ /"226 9+ )+- #,+9>/"

")+>80 ()6>2() -+ A""- -0" @+9("6 9"A$)9C

? D)6>2() () -0" #$)/,"$-(/ @"-$ /"226 (6 6-+,"9 $6 ()6>2() 0"E$A",6* B0(/0 $,"

@+>)9 /")-,$225 -+ F()/C D) @"-$ /"226* F()/ (6 $/-(G"25 -,$)6#+,-"9 -0,+>80

-0" F()/ -,$)6#+,-6HI)-6C

? J0" #,"6")/" +K #+25A+,#0(6A L"(-0", M +, N $- ,"6(9>" OPQR* /+)K",6

"(-0", ()/,"$6"9 +, 9"/,"$6"9 ,(6% +K 9"G"2+#()8 9($@"-"6C

? D)-","6-()825 0>A$) 6>@<"/-6 /$,,5()8 -,>)/$-()8 G$,($)-6 +K -0" #,+-"()

0$G" SQ T ,"9>/"9 ,(6% +K 9"G"2+#()8 JP! C

=>?@A6<B@

? J+ A"$6>," F()/ 2"G"26 () (62"-6 +K -,$)68")(/ A(/" "E#,"66()8 -,>)/$-"9 F()/ -,$)6#+,-", #,+-"() (C"C IUJVC

A=8ACD!<=8

? J0(6 6->95 60+B6 -0$- -$#$6()* $ %"5 A+2"/>2" ()G+2G"9 () 1WX /2$66 D $)-(8") #,"6")-$-(+) >)9",8+"6 $

/+)K+,A$-(+)$2 -,$)6(-(+) () J#)OYP $- OZ[X* B0(/0 6""A6 -+ @" >)(\>" -+ -0" K>22H2")8-0 #,+-"()C

E01/&- F5 J$#$6() #,+-"() #>,(K(/$-(+) $)9 ]MX! A"$6>,"A")-C
J#)OYP B$6 #>,(K("9 K,+A ].Y ()6"/- /"22 256$-" >6()8 $KK()(-5

/0,+A$-+8,$#05* K+22+B"9 @5 9(8"6-(+) B(-0 J^_ #,+-"$6" -+ ,"A+G"

-0" W(6H-$8 $)9 K>,-0", ,"G",6" D1`XL.(8>," a$RC J0" #>,(-5 +K -0"

-$#$6() #,+-"() B$6 "6-$@2(60"9 >6()8 ]!]H=`b^ $)9 X++A$66("

c2>" 6-$()()8C J0(6 60+B"9 $ @$)9 /+)6(6-")- B(-0 -0" "E#"/-"9
A+2"/>2$, B"(80- +K $##,+E(A$-"25 aP%!C U+ $99(-(+)$2 @$)96 B","

+@6",G"9 () -0" 8"2* )+, $99(-(+)$2 #"$%6 () -0" /0,+A$-+8,$A*

()9(/$-()8 -0$- -0" 6$A#2" B$6 K,"" K,+A 9(A",6 +, (A#>,(-("6C J0"

#,+-"() /+)/")-,$-(+) B$6 A"$6>,"9 -+ @" dCaQA8eA7 L.(8>," a@RC

-2.5 

-2.0 

-1.5 

-1.0 

-0.5 

0.0 

0.5 

1.0 

1.5 

2.0 

180 200 220 240 260 280 

D
e

lt
a

 E
p

s
il
o

n
 (
∆
ε
) 

 

Wavelength (nm) 

24.2°C 

28.9°C 

34.0°C 

35.0°C 

36.0°C 

37.0°C 

38.0°C 

39.0°C 

40.0°C 

41.0°C 

42.0°C 

43.0°C 

47.4°C 

52.1°C 

56.7°C 

61.4°C 

66.0°C 

70.6°C 

75.3°C 

79.9°C 

84.5°C 

37.0°C Recool 

24.2°C Recool !"#$%

!"#&%

!'#$%

!'#&%

!&#$%

&#&%

&#$%

'#&%

'#$%

"#&%

'(& "&& ""& ")& "*& "(&

+
,
-.
/
%0
1
2
3-
4
5
%6
∆
ε
7

8/9,-,5:.;%65<7

")#"=>

)&#&=>

25 30 35 40
0

10

20

30

40

50

Temperature (°C)

P
e
rc

e
n

ta
g

e
 (

%
)

Alpha helix

Beta strand 

Turns

Unordered

G@E@G@8A@!
H

? X0")* 1C* ]-$KK+,9* NC .C* !("9,(/0* bC* ;0$)* `C $)9 c+>G(",* 1C LPddPR* ` /0$,$/-",(F$-(+) +K -0" 2>A")$2 ,"8(+) +K 0>A$)
-$#$6() ,"G"$26 -0" #,"6")/" +K -B+ 6-,>/->,$2 9+A$()6C !"#$%&'"()*+ afg faQOYhfaQaQC

? b,$K+9$-6%$5$* !C* X0+>K$)(* ]C* .",,"(,$* 'C XC* c>-/0",* !C JC* 7+>* iC* I0$+* XC* N"%6@",8* MC LPdfdRC ^c_ -,$)6K+,A$-(+)

$)9 /"22 />2->,()8 9"6-$@(2(F"6 !U`A"-052$-(+) () 0>A$) 25A#0+@2$6-+(9 /"22 2()"6C,&-#'"$(* YQLPR* ZOhVOC

? ;>F)"-6+G$* D* 1C* J>,+G",+G* ;C ;C* jG",6%5* _C UC LPddaR* j6" +K -0" =0$6" !($8,$A 1"-0+9 -+ `)$25F" -0" =,+-"()

j)K+29()8HM"K+29()8 M"$/-(+)6gk .(60()8 3>- -0" lD)G(6(@2"m D)-",A"9($-"6* .#/*-01 #2 3*#)&#'& 4&(&0*$%5 O LOR* aVQHaYa
? 7""6* 'C bC* 1(2"6* `C 'C* N(")* .C* n N$22$/"* cC `C LPddSRC ` ,"K",")/" 9$-$@$6" K+, /(,/>2$, 9(/0,+(6A 6#"/-,+6/+#5 /+G",()8

K+29 $)9 6"/+)9$,5 6-,>/->," 6#$/"C !"#"-2#*'0)"$(* PPLfSR* fYQQhfYSPC

? 7(* NC* '+60(* 1C !C* ]()80$)($* ]C* M$A6"5* ;C WC* n 1>,-05* `C ;C LPdfaRC ="#-(9" _$//()"g =,+8,"66 $)9 X0$22")8"6C

60$$"-&(* PLOR* QfQhQOSC

Tp
n8

7-
G
rp

E

G
rp

E

Tp
n2

70

Tp
n3

92

0

20

40

60

80

100

P
e
rc

e
n

ta
g

e
 (

%
)

Alpha

Beta

Turns

Unordered

P
au

ls
so

n e
t a

l.

D
ong e

t a
l.

S
TR

ID
E
/D

S
S
P

0

20

40

60

80

100

P
e
rc

e
n

ta
g

e
 (

%
)

Alpha helix

Beta strand 

Other

E01/&- I5 J0",A$2 9")$->,$-(+) +K J#)OYP C =,+-"() >)9",8+"6 #,+8,"66(G" >)K+29()8 $- 0(80", -"A#",$->," L.(8>," Q$RC
]-,>/->,$2 -,$)6(-(+) +//>,6 $,+>)9 #056(+2+8(/$2 -"A#",$->," (C"C OZ[X* ,"6>2-()8 () 0(80", $2#0$H0"2(/$2 /+)-")- L.(8>," Q@RC

J0" 6"/+)9$,5 6-,>/->," /+A#+6(-(+) +K J#)OYP $- Pa[X A$-/0"6 "E(6-()8 /,56-$2 6-,>/->," $)9 -0"+,"-(/$2 9$-$ L.(8>," Q/RC

]"/+)9$,5 6-,>/->," "6-(A$-(+) B(-0 !(/0,+B"@ \>$)-(K("9 -0(6 -,$)6(-(+)* ()9(/$-()8 $ 6A$22 @>- 6(8)(K(/$)- 9"/,"$6" () @"-$

6-,$)9 /+)-")- K,+A afT -+ OZT L#odCdddfR @"-B"") Pa[X $)9 OZ[X* B(-0 $ /+)/+A(-$)- ()/,"$6" () $2#0$ 0"2(/"6 K,+A ST

-+ VT L#odCdddfR L.(8>," Q9RC J0" -,$)6(-(+) B$6 $26+ /+)K(,A"9 @5 A"$6>,()8 -0" $@6+,@$)/" $- PPP)A* $ 6(8)$->," #"$% +K
$2#0$ 0"2(/$2 #,+-"()6C J0(6 ()9(/$-"6 $ #"$% () $2#0$ 0"2(/$2 /+)-")- $,+>)9 OZHad[X L.(8>," Q"RC =",/")-$8" 9(6-,(@>-(+) +K

6"/+)9$,5 6-,>/->," () 9(KK",")- 9+A$()6 +K -$#$6() #,+-"() L.(8>," QKRC ` -"A#",$->," 6/$) +K J#)PZd 60+B"9 $ A+," -5#(/$2

"22(#6+(9$2 60$#"* B(-0 $ 62(80-25 A+," $2#0$H0"2(/$2 6-,>/->," -0$) J#)OYP L.(8>," Q8RCJ#)VZ B$6 ,"G"$2"9 -+ 0$G" $ 0(8025

$2#0$ 0"2(/$2 6-,>/->," L.(8>," Q0R* 9>" A$()25 -+ -0" /+)-,(@>-(+) +K -0" b,#^ K>6(+) #,+-"() L.(8>," Q(R* B0(/0 0$6 $ G",5

6(A(2$, />,G"C

+

*

!"#$

%&#$

20 40 60 80 100

-0.3

-0.2

-0.1

0.0

0.1

0.2

E
ll
ip

ti
c
it

y
 (
θ
) 

a
t 

2
2
2
 n

m

Tapasin-392

Tapasin-271

6+4+,0#

<#(&'./$(0'#

? 1$<+, 0(6-+/+A#$-(@(2(-5 /+A#2"E -5#" D L1WXHDR $)-(8") #,"6")-$-(+) (6 $

%"5 A"/0$)(6A K+, /"226 -+ /+AA>)(/$-" -0"(, ()-",)$2 ")G(,+)A")- -+

X!Vp (AA>)" /"226C

? X!Vp J /"226 9(6-()8>(60 )+,A$2 q6"2K4 #"#-(9"6 K,+A $@)+,A$2 G(,$2 +,

->A+>, #"#-(9"6* $)9 ,"6#+)9 @5 %(22()8 ()K"/-"9 /"226C

? =,(+, -+ 9(6#2$5 $- -0" /"22 6>,K$/" +) 1WXHD* ")9+8")+>6 $)-(8")6 A>6- @"

2+$9"9 ()-+ -0" 1WXHD @()9()8 /2"K- @5 -0" #"#-(9" 2+$9()8 /+A#2"E L=7XRC

? J$#$6() (6 $ %"5 A+2"/>2" () -0" =7X* $)9 +)" +K (-6 A$() K>)/-(+)6 (6

9"-",A()()8 B0(/0 #"#-(9"6 $," #,"6")-"9 @5 1WXHD $- -0" /"22 6>,K$/"C

J0(6 A"/0$)(6A (6 6-(22 #++,25 >)9",6-++9C

? J+ >)9",6-$)9 -0" K>)/-(+) +K 9(KK",")- 9+A$()6 +K -$#$6() #,+-"() (C"C

J#)VZ* J#)PZd* $)9 J#)OYP * #,+-"() +K ()9(/$-"9 6(F" B"," #>,(K("9 $)9

6>@<"/-"9 -+ ]MX! $)$256(6C

C
ontr

ol (
ch

ow
)

H
et

 (c
how

)

H
om

o (c
how

)

C
ontr

ol(H
FD

)

H
et

 (H
FD

)

H
om

o (H
FD

)
0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

C
o

n
c
 (

u
g

/c
m

^
2
)

E01/&- J5 rH,$5 K2>+,"6/")/" (A$8"6
60+B()8 F()/ 2"G"2 9(6-,(@>-(+) () (62"-6

+K /+)-,+2 L.(8>," O$*@*/ $)9 9R $)9

-,$)68")(/ $)(A$26 L.(8>," a$*@*/ $)9

9RC s>$)-(K(/$-(+) +K F()/ 2"G"26

()9(/$-()8 0(80", F()/ 2"G"26 ()
-,$)68")(/ $)(A$26 /+A#$,"9 -+

/+)-,+2C ^E#",(A")- B$6 #",K+,A"9 $-

c(+)$)+#0+,"* `,8+))" U$-(+)$2

2$@+,$-+,5C

!"#$%&'(%

E01/&- Kg XMD]=M %)+/%+>- +K I)JV () @"$- /"22 2()" 2"$96 -+ ,"9(6-,(@>-(+) +K I) () @"-$ /"226C rH,$5 K2>+,"6/")/" (A$8"6 +K
/>2->,"9 /"226 ()/2>9()8 )+)HA+9(K("9 DU]f @"-$ /"226 L.(8>," P$*@ $)9 /R $)9 DU]f /"226 2$/%()8 +)" +, -B+ $22"2"6 +K -0"

I)JV 8")" L.(8>," P9*" $)9 KR* B"," 8,+B) +) 6(2(/+) )(-,(9" A"A@,$)"* K(E"9* $(, 9,("9 $)9 6/$))"9 K+, F()/ 2"G"26 $-

`,8+))" U$-(+)$2 7$@+,$-+,5C I()/ B$6 2+/$2(F"9 () 6A$22 #+/%"-6 () B(29 -5#" /"226 /+A#$,"9 -+ >)(K+,A ,"9(6-,(@>-(+) () ;3

/"226C

")*+%,'+$-#$%&'(%

!"#$%"&'

!'

('
('!'

)*$+,'

-.'

!"#$%&'()*+,''

-./0'123456'

!"#$7&'()89,''

4*:/0'123456'

/012'

/012'

;)*<=>'

;)*<=>'

30&"$,0'&4*56+%'7%&,#$%'

.819:'

/0;<'=,>%5'

#?4*@$6&>'

E01/&-)L5 ^E#,"66(+)&+K&I)JV&()&#$)/,"$-(/&@"-$&/"22&2()"C&7]1&&(A$8"6&+K&DU]Hf&/"226&$K-",&-,$)6(")-&-,$)6K"/-(+)6&B(-0&K>22&
2")8-0&IUJVHAX0",,5&/+)6-,>/-C&D)6>2()&L8,"")*&.(8>,"&f$R&IUJV&L,"9*&.(8>,"&f@R&$)9&@+-0&()6>2()&$)9&IUJV&L.(8>,"&f/R&C&&

IUJV&/+H2+/$2(F"6&B(-0&()6>2()&$6&()9(/$-"9&@5&5"22+B&/+2+>,C
Q$ Q@ Q/

Q9 Q" QK

Q8 Q0 Q(

=>?@A6<B@

? J+&$)$25F"&-0"&-0",A+6-$@(2(-5 $)9&6"/+)9$,5&6-,>/->,"&6-,>/->,"&+K&&J#)VZ*&J#)PZd*&$)9&J#)OYP >6()8&]MX!C&

A=8ACD!<=8

? rH,$5 K2>+,"6/")/" 6->9("6 60+B -0$- 0+A+F58+>6 9"2"-(+) +K IUJV () #$)/,"$-(/ @"-$ /"226 2"$9 -+

,"9(6-,(@>-(+) +K F()/* B0(/0 () /+)-,$6- (6 2+/$2(F"9 -+ 6#"/(K(/ #+/%"-6 () B(29 -5#" /"22C .>,-0",

-,$)68")(/ 0"-",+F58+>6 $)(A$26 "E#,"66()8 -,>)/$-"9 IUJV #,+-"() ,"G"$2"9 0(80", F()/ 2"G"26 ()

(62"-6 /+A#$,"9 -+ -0" /+)-,+2C W(80", F()/ 2"G"26 () (62"-6 +K -,$)68")(/ $)(A$26 /+>29 #+-")-($225
"E#2$() -0" #,+-"/-(G" #0")+-5#" $8$()6- 9"G"2+#A")- +K -5#"HP 9($@"-"6C

P$ P@ P/

P9 P" PK

G@!DC6!

G@!DC6!

a$ a@

ED8M<8N

J0(6&#,+<"/-&B$6&K>)9"9&@5&1`ra^]].jUC

O$

!"

D

!"#$%&&'()*%+,(-..

In
su

li
n

/ 
Z

N
T

8
 (

fu
ll

 le
n

g
th

 p
ro

te
in

)

/ %

2

34 35
!%&1%(

O/

O@

O9

OKO"

O8 O0

70#$ (&+#,4'&(-& 9 : 7869;

<#(&'./$(0'#

? !($@"-"6 -+9$5 0$6 ,"$/0"9 "#(9"A(/ #,+#+,-(+)6 $)9 (- 6"-6 () B0") -0"

")9+/,()" #$)/,"$6 -0$- (6 -0" #$)/,"$-(/ @"-$ /"226 9+ )+- #,+9>/"

")+>80 ()6>2() -+ A""- -0" @+9("6 9"A$)9C

? D)6>2() () -0" #$)/,"$-(/ @"-$ /"226 (6 6-+,"9 $6 ()6>2() 0"E$A",6* B0(/0 $,"

@+>)9 /")-,$225 -+ F()/C D) @"-$ /"226* F()/ (6 $/-(G"25 -,$)6#+,-"9 -0,+>80

-0" F()/ -,$)6#+,-6HI)-6C

? J0" #,"6")/" +K #+25A+,#0(6A L"(-0", M +, N $- ,"6(9>" OPQR* /+)K",6

"(-0", ()/,"$6"9 +, 9"/,"$6"9 ,(6% +K 9"G"2+#()8 9($@"-"6C

? D)-","6-()825 0>A$) 6>@<"/-6 /$,,5()8 -,>)/$-()8 G$,($)-6 +K -0" #,+-"()

0$G" SQ T ,"9>/"9 ,(6% +K 9"G"2+#()8 JP! C

=>?@A6<B@

? J+ A"$6>," F()/ 2"G"26 () (62"-6 +K -,$)68")(/ A(/" "E#,"66()8 -,>)/$-"9 F()/ -,$)6#+,-", #,+-"() (C"C IUJVC

A=8ACD!<=8

? J0(6 6->95 60+B6 -0$- -$#$6()* $ %"5 A+2"/>2" ()G+2G"9 () 1WX /2$66 D $)-(8") #,"6")-$-(+) >)9",8+"6 $

/+)K+,A$-(+)$2 -,$)6(-(+) () J#)OYP $- OZ[X* B0(/0 6""A6 -+ @" >)(\>" -+ -0" K>22H2")8-0 #,+-"()C

E01/&- F5 J$#$6() #,+-"() #>,(K(/$-(+) $)9 ]MX! A"$6>,"A")-C
J#)OYP B$6 #>,(K("9 K,+A ].Y ()6"/- /"22 256$-" >6()8 $KK()(-5

/0,+A$-+8,$#05* K+22+B"9 @5 9(8"6-(+) B(-0 J^_ #,+-"$6" -+ ,"A+G"

-0" W(6H-$8 $)9 K>,-0", ,"G",6" D1`XL.(8>," a$RC J0" #>,(-5 +K -0"

-$#$6() #,+-"() B$6 "6-$@2(60"9 >6()8 ]!]H=`b^ $)9 X++A$66("

c2>" 6-$()()8C J0(6 60+B"9 $ @$)9 /+)6(6-")- B(-0 -0" "E#"/-"9
A+2"/>2$, B"(80- +K $##,+E(A$-"25 aP%!C U+ $99(-(+)$2 @$)96 B","

+@6",G"9 () -0" 8"2* )+, $99(-(+)$2 #"$%6 () -0" /0,+A$-+8,$A*

()9(/$-()8 -0$- -0" 6$A#2" B$6 K,"" K,+A 9(A",6 +, (A#>,(-("6C J0"

#,+-"() /+)/")-,$-(+) B$6 A"$6>,"9 -+ @" dCaQA8eA7 L.(8>," a@RC

-2.5 

-2.0 

-1.5 

-1.0 

-0.5 

0.0 

0.5 

1.0 

1.5 

2.0 

180 200 220 240 260 280 

D
e

lt
a

 E
p

s
il
o

n
 (
∆
ε
) 

Wavelength (nm) 

24.2°C 

28.9°C 

34.0°C 

35.0°C 

36.0°C 

37.0°C 

38.0°C 

39.0°C 

40.0°C 

41.0°C 

42.0°C 

43.0°C 

47.4°C 

52.1°C 

56.7°C 

61.4°C 

66.0°C 

70.6°C 

75.3°C 

79.9°C 

84.5°C 

37.0°C Recool 

24.2°C Recool !"#$%

!"#&%

!'#$%

!'#&%

!&#$%

&#&%

&#$%

'#&%

'#$%

"#&%

'(& "&& ""& ")& "*& "(&

+
,
-.
/
%0
1
2
3-
4
5
%6
∆
ε
7

8/9,-,5:.;%65<7

")#"=>

)&#&=>

25 30 35 40
0

10

20

30

40

50

Temperature (°C)

P
e
rc

e
n

ta
g

e
 (

%
)

Alpha helix

Beta strand 

Turns

Unordered

G@E@G@8A@!
H

? X0")* 1C* ]-$KK+,9* NC .C* !("9,(/0* bC* ;0$)* `C $)9 c+>G(",* 1C LPddPR* ` /0$,$/-",(F$-(+) +K -0" 2>A")$2 ,"8(+) +K 0>A$)
-$#$6() ,"G"$26 -0" #,"6")/" +K -B+ 6-,>/->,$2 9+A$()6C !"#$%&'"()*+ afg faQOYhfaQaQC

? b,$K+9$-6%$5$* !C* X0+>K$)(* ]C* .",,"(,$* 'C XC* c>-/0",* !C JC* 7+>* iCii* I0$+* XC* N"%6@",8* MC LPdfdRC ^c_ -,$)6K+,A$-(+)

$)9 /"22 />2->,()8 9"6-$@(2(F"6 !U`A"-052$-(+) () 0>A$) 25A#0+@2$6-+(9 /"22 2()"6C,&-#'"$(* YQLPR* ZOhVOC

? ;>F)"-6+G$* D* 1C* J>,+G",+G* ;C ;C* jG",6%5* _C UC LPddaR* j6" +K -0" =0$6" !($8,$A 1"-0+9 -+ `)$25F" -0" =,+-"()

j)K+29()8HM"K+29()8 M"$/-(+)6g .(60()8 3>- -0" lD)G(6(@2"m D)-",A"9($-"6* .#/*-01 #2 3*#)&#'& 4&(&0*$%5 O LOR* aVQHaYa
? 7""6* 'C bC* 1(2"6* `C 'C* N(")* .C* n N$22$/"* cC `C LPddSRC ` ,"K",")/" 9$-$@$6" K+, /(,/>2$, 9(/0,+(6A 6#"/-,+6/+#5 /+G",()8

K+29 $)9 6"/+)9$,5 6-,>/->," 6#$/"C !"#"-2#*'0)"$(* PPLfSR* fYQQhfYQQfYQQ fYSPC

? 7(* NC* '+60(* 1C !C* ]()80$)($* ]C* M$A6"5* ;C WC* n 1>,-05* `C ;C LPdfaRC ="#-(9" _$//()"g =,+8,"66 $)9 X0$22")8"6C

60$$"-&(* PLOR* QfQhQOSC

Tp
n8

7-
G
rp

E

G
rp

E

Tp
n2

70

Tp
n3

92

0

20

40

60

80

100

P
e
rc

e
n

ta
g

e
 (

%
)

Alpha

Beta

Turns

Unordered

P
au

ls
so

n e
t a

l.

D
ong e

t a
l.

S
TR

ID
E
/D

S
S
P

0

20

40

60

80

100

P
e
rc

e
n

ta
g

e
 (

%
)

Alpha helix

Beta strand 

Other

E01/&- I5 J0",A$2 9")$->,$-(+) +K J#)OYP C =,+-"() >)9",8+"6 #,+8,"66(G" >)K+29()8 $- 0(80", -"A#",$->," L.(8>," Q$RC
]-,>/->,$2 -,$)6(-(+) +//>,6 $,+>)9 #056(+2+8(/$2 -"A#",$->," (C"C OZ[X* ,"6>2-()8 () 0(80", $2#0$H0"2(/$2 /+)-")- L.(8>," Q@RC

J0" 6"/+)9$,5 6-,>/->," /+A#+6(-(+) +K J#)OYP $- Pa[X A$-/0"6 "E(6-()8 /,56-$2 6-,>/->," $)9 -0"+,"-(/$2 9$-$ L.(8>," Q/RC

]"/+)9$,5 6-,>/->," "6-(A$-(+) B(-0 !(/0,+B"@ \>$)-(K("9 -0(6 -,$)6(-(+)* ()9(/$-()8 $ 6A$22 @>- 6(8)(K(/$)- 9"/,"$6" () @"-$

6-,$)9 /+)-")- K,+A afT -+ OZT L#odCdddfR @"-B"") Pa[X $)9 OZ[X* B(-0 $ /+)/+A(-$)- ()/,"$6" () $2#0$ 0"2(/"6 K,+A ST

-+ VT L#odCdddfR L.(8>," Q9RC J0" -,$)6(-(+) B$6 $26+ /+)K(,A"9 @5 A"$6>,()8 -0" $@6+,@$)/" $- PPP)A* $ 6(8)$->," #"$% +K
$2#0$ 0"2(/$2 #,+-"()6C J0(6 ()9(/$-"6 $ #"$% () $2#0$ 0"2(/$2 /+)-")- $,+>)9 OZHad[X L.(8>," Q"RC =",/")-$8" 9(6-,(@>-(+) +K

6"/+)9$,5 6-,>/->," () 9(KK",")- 9+A$()6 +K -$#$6() #,+-"() L.(8>," QKRQQ C ` -"A#",$->," 6/$) +K J#)PZd 60+B"9 $ A+," -5#(/$2

"22(#6+(9$2 60$#"* B(-0 $ 62(80-25 A+," $2#0$H0"2(/$2 6-,>/->," -0$) J#)OYP L.(8>," Q8RCJ#)VZ B$6 ,"G"$2"9 -+ 0$G" $ 0(8025

$2#0$ 0"2(/$2 6-,>/->," L.(8>," Q0R* 9>" A$()25 -+ -0" /+)-,(@>-(+) +K -0" b,#^ K>6(+) #,+-"() L.(8>," Q(R* B0(/0 0$6 $ G",5

6(A(2$, />,G"C

+

*

!"#$$

%&#$$

20 40 60 80 100

-0.3

-0.2

-0.1

0.0

0.1

0.2

E
ll
ip

ti
c
it

y
 (
θ
) 

a
t 

2
2
2
 n

m

Tapasin-392

Tapasin-271

6+4+,0#

<#(&'./$(0'#

? 1$<+, 0(6-+/+A#$-(@(2(-5 /+A#2"E -5#" D L1WXHDR $)-(8") #,"6")-$-(+) (6 $

%"5 A"/0$)(6A K+, /"226 -+ /+AA>)(/$-" -0"(, ()-",)$2 ")G(,+)A")- -+

X!Vp (AA>)" /"226C

? X!Vp J /"226 9(6-()8>(60 )+,A$2 q6"2K4 #"#-(9"6 K,+A $@)+,A$2 G(,$2 +,

->A+>, #"#-(9"6* $)9 ,"6#+)9 @5 %(22()8 ()K"/-"9 /"226C

? =,(+, -+ 9(6#2$5 $- -0" /"22 6>,K$/" +) 1WXHD* ")9+8")+>6 $)-(8")6 A>6- @"

2+$9"9 ()-+ -0" 1WXHD @()9()8 /2"K- @5 -0" #"#-(9" 2+$9()8 /+A#2"E L=7XRC

? J$#$6() (6 $ %"5 A+2"/>2" () -0" =7X* $)9 +)" +K (-6 A$() K>)/-(+)6 (6

9"-",A()()8 B0(/0 #"#-(9"6 $," #,"6")-"9 @5 1WXHD $- -0" /"22 6>,K$/"C

J0(6 A"/0$)(6A (6 6-(22 #++,25 >)9",6-++9C

? J+ >)9",6-$)9 -0" K>)/-(+) +K 9(KK",")- 9+A$()6 +K -$#$6() #,+-"() (C"C

J#)VZ* J#)PZd* $)9 J#)OYP * #,+-"() +K ()9(/$-"9 6(F" B"," #>,(K("9 $)9

6>@<"/-"9 -+ ]MX! $)$256(6C

C
ontr

ol (
ch

ow
)

H
et

 (c
how

)

H
om

o (c
how

)

C
ontr

ol(H
FD

)

H
et

 (H
FD

)

H
om

o (H
FD

)
0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

C
o

n
c
 (

u
g

/c
m

^
2
)

E01/&- J5 rH,$5 K2>+,"6/")/" (A$8"6
60+B()8 F()/ 2"G"2 9(6-,(@>-(+) () (62"-6

+K /+)-,+2 L.(8>," O$*@*/ $)9 9R $)9

-,$)68")(/ $)(A$26 L.(8>," a$*@*/ $)9

9RC s>$)-(K(/$-(+) +K F()/ 2"G"26

()9(/$-()8 0(80", F()/ 2"G"26 ()
-,$)68")(/ $)(A$26 /+A#$,"9 -+

/+)-,+2C ^E#",(A")- B$6 #",K+,A"9 $-

c(+)$)+#0+,"* `,8+))" U$-(+)$2

2$@+,$-+,5C

E01/&- Kg XMD]=M %)+/%+>- +K I)JV () @"$- /"22 2()" 2"$96 -+ ,"9(6-,(@>-(+) +K I) () @"-$ /"226C rH,$5 K2>+,"6/")/" (A$8"6 +K
/>2->,"9 /"226 ()/2>9()8 )+)HA+9(K("9 DU]f @"-$ /"226 L.(8>," P$*@ $)9 /R $)9 DU]f /"226 2$/%()8 +)" +, -B+ $22"2"6 +K -0"

I)JV 8")" L.(8>," P9*" $)9 KR* B"," 8,+B) +) 6(2(/+) )(-,(9" A"A@,$)"* K(E"9* $(, 9,("9 $)9 6/$))"9 K+, F()/ 2"G"26 $-

`,8+))" U$-(+)$2 7$@+,$-+,5C I()/ B$6 2+/$2(F"9 () 6A$22 #+/%"-6 () B(29 -5#" /"226 /+A#$,"9 -+ >)(K+,A ,"9(6-,(@>-(+) () ;3

/"226C

")*+%,'+$-#$%&'(%!"#$%&'(%

!"#$%"&'

!'

('
('!'

)*$+,')*$+,')*$+,')*$+,')*$+,')*$+,')*$+,')*$+,'

-.'-.'-.'

!"#$%&'()*+,''

-./0'123456'

!"#$7&'()89,''

4*:/0'123456'

!' /012'

/012'

;)*<=>'

;)*<=>'

30&"$,0'&4*56+%'7%&,#$%'

.819:'

/0;<'=,>%5'

#?4*@$6&>'

E01/&-)L5 ^E#,"66(+)&+K&I)JV&()&#$)/,"$-(/&@"-$&/"22&2()"C&7]1&&(A$8"6&+K&DU]Hf&/"226&$K-",&-,$)6(")-&-,$)6K"/-(+)6&B(-0&K>22&
2")8-0&IUJVHAX0",,5&/+)6-,>/-C&D)6>2()&L8,"")*&.(8>,"&f$R&IUJV&L,"9*&.(8>,"&f@R&$)9&@+-0&()6>2()&$)9&IUJV&L.(8>,"&f/R&C&&

IUJV&/+H2+/$2(F"6&B(-0&()6>2()&$6&()9(/$-"9&@5&5"22+B&/+2+>,C
Q$ Q@ Q/

Q9Q9 Q" QK

Q8Q8 Q0Q0Q0Q0 Q(Q(

=>?@A6<B@

? J+&$)$25F"&-0"&-0",A+6-$@(2(-5 $)9&6"/+)9$,5&6-,>/->,"&6-,>/->,"&+K&&J#)VZ*&J#)PZd*&$)9&J#)OYP >6()8&]MX!C&

A=8ACD!<=8

? rH,$5 K2>+,"6/")/" 6->9("6 60+B -0$- 0+A+F58+>6 9"2"-(+) +K IUJV () #$)/,"$-(/ @"-$ /"226 2"$9 -+

,"9(6-,(@>-(+) +K F()/* B0(/0 () /+)-,$6- (6 2+/$2(F"9 -+ 6#"/(K(/ #+/%"-6 () B(29 -5#" /"22C .>,-0",

-,$)68")(/ 0"-",+F58+>6 $)(A$26 "E#,"66()8 -,>)/$-"9 IUJV #,+-"() ,"G"$2"9 0(80", F()/ 2"G"26 ()

(62"-6 /+A#$,"9 -+ -0" /+)-,+2C W(80", F()/ 2"G"26 () (62"-6 +K -,$)68")(/ $)(A$26 /+>29 #+-")-($225
"E#2$() -0" #,+-"/-(G" #0")+-5#" $8$()6- 9"G"2+#A")- +K -5#"HP 9($@"-"6C

P$ P@ P/

P9 P" PK

G@!DC6!

G@!DC6!

a$ a@a@a@

ED8M<8N

J0(6&#,+<"/-&B$6&K>)9"9&@5&1`ra^]].jUC

O$

!"

D

!"#$%&&'()*%+,(-..

In
su

li
n

/ 
Z

N
T

8
 (

fu
ll

 le
n

g
th

 p
ro

te
in

)
/

2

34 35
!%&1%

O/

O@

O9

OKO"

O8 O0



3

4 4 5

4 5

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

Ion Laser Laboratory (GUNILLA)[2] are:

Ø 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.

Ø 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].

Ø Spectroscopy excited states of the Ru- ion. The

results will be used for studies of the lifetimes

the excited states using the Double ElectroStatic

Ion Ring ExpEriment (DESIREE) at Stockholm

University,

Ø Improvement of the ion yield of the Cs sputter

negative ion source at GUNILLA[6].

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.

Figure 2. PEARLS shown as part of GUNILLA.

ITO coated glass:

• Insufficient transparency above photon energies

of 3.6 eV.

• Strong photoelectric effect above photon energies

of 4.3 eV.

Graphene:

• 225 to 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.

Figure 3. Transmission measurement of graphene in dependence on

photon energies. Data shows an overall good transparency of one

atomic graphene layer on a quartz glass plate.

Figure 4. Experiment of the photodetachment and laser induced

events at photon energy of 5.51 eV. Five measurements over a range

of 15 μs have been accumulated.

• A merged beams setup.

• Interaction region of 22 cm.

• 16 detectors in 4 perpendicular directions.

• UHV environment of ~10-9 mbar.

• especially enhanced photoelectron signal.

(important when the photon flux is low,

for instance, at synchrotron radiation sites)

Measurements of the asymmetry parameter β gives

information of the amplitudes and relative phases

of the emitted electrons.

Figure 1. Overview of the ion beam apparatus at GUNILLA.

Pinhole 1
Pinhole 2

Lens 3

35 mm
Lens 2
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Lens 1
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Mirror
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Window

Ion
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Laser output

Figure 7. Optical setup for focusing the Ti:Sa laser (10973.2 cm-1)

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.

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 4F) into the Ru (5F) states.
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 Introduction 
Chalk is a highly porous rock formed from the 

remains of ancient algae (coccolithophores). A large 

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 

Ø X-ray nanotomography (nanoCT) data 

were recorded on small chips (~ 100 µm 

in size) at beamline BL47XU at SPring-8, 

Japan with a voxel size of about 40 nm. 

 

 

 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 

µCT. 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 Eeff. 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. 

 Microtomography 

D. Müter, H. O. Sørensen, D. Jha, R. Harti, K. N. Dalby, H. Suhonen, R. Feidenhans’l, F. Engstrøm & S. L. 

S. Stipp. Resolution dependence of petrophysical parameters derived from X-ray tomography of chalk. 

Appl. Phys. Lett. 105, 043108, 2014 

D. Müter, R. Harti, K. N. Dalby, M. Guizar-Sicairos, M. Holler, J. C. da Silva, S. L. S. Stipp, H. O. Sørensen. 

Nanoscale mechanical properties of porous materials from ptychographic X-ray imaging. In preparation. 

Ø X-ray microtomography (µCT) 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 µm. 

SPring-8, Japan 

5 µm 

 Chalk Samples Chalk cliff on Møn, DK 

SEM image of a coccolith 

Ø Chalk samples were taken from core plugs (25 

mm diameter) from off-shore drilling. 

Chalk core plug 

and samples 

We thank Mærsk Oil & Gas for providing the samples as well as funding and Innovation Fund Denmark 

for co-funding via the P3 project. D. M. is grateful for financial support through the ERC via INTERREG  
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 Mechanical Modelling 
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Ø The nanoscale porosity-elasticity relationship was 

then used to assign material properties for every 

voxel in the µCT data. 

Ø Mechanical properties of subvolumes of µCT 

data (80 µm edge length) were calculated to 

derive a microscale porosity-elasticity relationship 

utilizing the results from high-resolution nanoCT. 

FE simulation on 

µCT data using 

nanoscale input 

Ø Subvolumes of nanoCT data (6 µm 

edge length) were segmented, 

meshed and imported into finite 

element software (FEBio). 

Ø A tensile testing setup was used to 

calculate the subvolume’s effective 

Young’s modulus, Eeff. 

Ø Data point for subvolumes from the 

same sample were fitted with this 

empirical equation (n and φ0 as 

fitting parameters): 

 

 Outlook: Fracturing in Peridynamics 

 Segmented image                         Stress field under tensile load Peridynamics, similarly to DEM 

depicts a porous medium as 

spheres connected by bonds. These 

bonds can be broken thus allowing 

for fracturing in the sample. First 

comparisons between our FEM and 

peridynamics show good agreement 

on the elastic properties therefore 

moving towards fracturing in chalk 

will be the next step forward. 



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.

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.

Novel Experimental Setups for In Situ Neutron Diffraction

Jakob V. Ahlburg, Frederik H. Gjørup, Mathias Mørch, and Mogens Christensen

Center for Materials Crystallography, Department of Chemistry & iNANO, Aarhus University, Denmark
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Reduction Setup

1

Preliminary Results: Reduction of CoFe2O4

2

3

4

Pure CoFe2O4 spinel

CoFe2O is partly 
reduced to Fe(1-x)Cox O

Fe(1-x)Cox O is further 
reduced to bcc Fe(1-x)Cox

Almost all Fe(1-x)Cox O 
has been reduced In situ neutron reduction experiments of

magnetic CoFe2O4 was performed on
DMC at SINQ, varying the temperature
and the flow of H2. The data shown to
the left is reduction carried out at
490oC and a 10 ml/min flow of 5 %
H2/Ar. First only the CoFe2O4 peaks are
visible but this will reduce to Fe(1-x)CoxO
and further to Fe(1-x)Cox. By aiming for a
mixture of magnetically hard spinel
and magnetically soft metal one can
achieve exchange coupling. A possible
reaction mechanism is shown to the
left.

Fe(1-x)Cox

Fe(1-x)Cox O

Nove

Ce

n

Induction Press Setup

Reduction
Setup

Induction Press 
Setup

Maximum 
Temperature

750 °C 1000 °C

Designated 
Instrument

DMC @ SINQ POLARIS @ ISIS

Sample Mass ~2 g ~2 g

Heating Rate >100 K/min >15K/s

Reaction Gas 
Option ✔ ✔

Pressing
Option ✕ ✔

Heat Gun

Sapphire 
Tube

Fused 
Silica Tube

Powder

Glass 
Dome

Graphite 
Piston

Induction 
Coils

Piston 
From Press

Powder

Sapphire 
Tube

In the reduction setup 5% H2 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.

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.
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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 

MAX4ESSFUN project focused on studying in detail these structural transformations in industrially-relevant conditions. It 

brought together two groups from the University of Oslo (Helmer Fjellvåg’s group) and Aarhus University (Bo Brummerstedt 

Iversen’s group) with extensive complimentary experience in synchrotron XRD and pair distribution function (PDF) analysis. 

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

temperatures1 

In-situ synchrotron PDF analysis of the mechanism leading to the amorphizaton of SAPO-37 during hydration2 

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

ESRF ID15/ESRF 

1“In-situ flow MAS NMR and synchrotron PDF analyses of the local response of 

the Brønsted 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 
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• Long-range ordered preserved up ca 130 Å 
 

• PDF refinement highly sensitive to Al/Si/P 
ratio in r < 3 Å 
 

• Fit quality improves in r > 5 Å. 

2G.N.Kalantzopoulos, F.Lundvall, N.L. Nyborg, F.M. 

Søndergaard-Pedersenet al., in preperation.. 



Abstract: Materials with the approximate stoichiometry Cu2ZnSnS4 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.

Combined Scattering and Fluorescence Mapping of Kesterite 

Precursors at the NanoMAX Beamline

Tiago Ramosa, Giovanni Fevolaa , Mariana Mar Lucasa, Christian Reina, Jens W. Andreasena

a Technical University of Denmark – Department of Energy Conversion and Storage, Roskilde, Denmark

Introduction: Third-generation photovoltaic

solar cells are currently under research and

development as an attractive technology for

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

potential significant decrease in energy

payback time when compared to common

silicon-based solar cells.

Kesterite photovoltaics utilizing Cu2ZnSnS4

(CZTS) are one of the promising emerging

technologies that have already demonstrated

a high absorption coefficient (104 cm-1) and a

direct band gap of 1-1.5 eV which allows an

effective energy absorption in absorber layers

of a few microns.

One of the main challenges during the

synthesis of CZTS is related with formation of

different secondary phases that compromise

the operation of this material as a photo-

electric converter. The phase diagram bellow

exhibits the narrow confined conditions for

the synthesis of the desired Cu2ZnSnS4 phase.

Acknowledgements: We would like to acknowledge all

the NanoMAX team (Gerardina Carbone, Ulf Johansson,

Alexander Björling and Marianne Liebi ) for all their support

during data acquisition and processing. We thank Zdenek

Matej and Armando Sole for their assistance with the

fluorescence data processing and Stela Canulescu from DTU

Photonics for providing the sample and synthesis related

information.

Scattering Maps: Scattering maps computed from local integrations of the measured

diffraction patterns can provide additional information about the surface morphology

and identify possible defects such as cracks that are not visible in fluorescence maps.

Experimental Setup: We acquired both

fluorescence and scattering maps from a thin

film CZTS sample, illuminated by an 10.72 keV X-

ray beam at the NanoMAX beamline.

Kesterite Phase Diagram: Quasi-ternary phase diagram of the Cu-

Zn-Sn-S system at 400°C. (Olekseyuk, Dudchak & Piskach 2004)

A good understanding of different synthesis

methods is therefore essential in order to

control the optimal conditions for kesterite

formation and improve future thin-films

kesterite solar cells.

Cu Zn

Sample Preparation: A thin film sample of

kesterite precursors (2CuS:ZnS:SnS) was

prepared with pulsed laser deposition (PLD)

over a soda-lime glass substrate intercalated

with a thin Molybdenum layer.

Experimental Setup: X-ray fluorescence data was acquired by a detector

placed in transmission mode at approximately 70° from the outgoing

beam. Diffraction patterns were acquired simultanesouly at the exact

same sample positions of the fluorescence measurements.

Data analysis: The acquired fluorescence

spectra were processed with PyMca, a dedicated

software developed in the European Synchrotron

Radiation Facility (ESRF).

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.

Average Fluorescence Spectrum: The measured spectra presents

contributions from the different elements that constitute the kesterite

precursors, molybdenum layer and soda-lime glass substrate. An elastic

scattering peak and signals from the surrounding equipment can also be

osberved.

Results: The obtained results allow the identification of

several inhomogeneities in the kesterite precursors

deposition. The measured stoichiometric ratio between

Cu and Zn was found to be in agreement with previous

EDS measurements.

Surface overview: A large 20x20µm area was mapped in order to locate hotspots

associated with non-uniform precursors distribution. The fluorescence maps above

suggest local higher concentrations if Cu and Zn in different sections of the sample

that may be related with secondary phases.

Detailed view: A local scan of 3x2µm 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.

Cu2S

Cu4SnS4

Cu2SnS3

Cu2Sn4S9

20406080
ZnS

SnS2

mol. % Cu2S

Cu2ZnSnS4

Cu2ZnSn3S8
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Cross Border Study of the Miscibility 
Gaps in Mg2Si1-xSnx

Optimising Thermoelectric

Conclusions and Outlook

• Thermoelectric materials can convert thermal gradients to electrical
potentials, and present a significant opportunity to exploit waste heat
produced by industrial effluents streams and in vehicle exhausts
(Figure 1).1 Thermoelectric modules consist of p- and n- type
materials, which are assembled in to modules (Figure 2).

• Mg2Si1-xSnx is a commercially relevant material for TE modules.

• The presence of a miscibility gap in Mg2Si1-xSnx has been the subject
of much discussion in research on this particular system, and groups
at both AU and CUT are probing the known 0.4 0.6 miscibility gap
region (former) and a broader region (latter) of the phase diagram.2,3

Aim: To investigate the phase splitting that is observed in Mg2Si1-

xSnx solid solutions within the miscibility gap at high temperature.

Figure 2 – Representation of 
the a) Seebeck and b) Peltier
thermoelectric effects, and c) 
the configuration of a TE 
module.

Figure 1 – zT equation and plot of the 
thermoelectric Figure of Merit (zT) vs.
carrier concentration – various material
properties must be considered to 
design the ideal TE material.1

=

Powder X-ray Diffraction Observations
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• 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.

• Mg2Si and Mg2Sn was mixed and then packed in

to the graphite SPS die. The material was then

compressed and heated simultaneously.

• The synthesis parameters were optimized to

ensure reproducibility, where the composition,

hold time, cooling rate, and temperature were

modified independently.

• Samples were retrieved from the pellets

by crushing and then floating the sample

in ethanol. Synchrotron data was

collected at SPring-8 (Japan) and Rietveld

refinements are now in progress in

partnership with Chalmers.

• The data reveals that there are some

impurity phases in the product, but there

is also evidence to suggest that the

microstructure of the samples are

influenced by the SPS processing method

and the conditions employed.

• Our understanding of the scale-up
and synthesis of the Mg2Si1-xSnx

system has been greatly improved by

our systematic SPS study; an important

step in commercialization of this

material.

• The influence of microstructure will
be the focus of the next stage of this
research, to determine how the
thermoelectric properties are
affected.

• A stronger collaboration between
Chalmers and Aarhus University has
been nurtured by this project, and
new ventures have been discussed.



Instability towards finite momentum supercon-
ductivity in strongly coupled superconductors
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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 ∆(r) = ∆Q cos(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 CuO2 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

α there is a second order transition through a quantum criti-

cal point. For larger α 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 (∆(r) =
∆Qe

iQ·r) from a microscopic pair-hopping interaction.

H =

∫

r

ψ
†
σ(r)

−∇2

2m
ψσ(r)−

V

2

∫

r1,r2

T (r1−r2)ψ
†
σ(r1)ψ

†
σ′(r1)ψσ′(r2)ψσ(r2) (1)

with T (r1− r2) = δ(r1− r2)−αδ(r1− r2± x̂λ/2) where α > 0 describes a pair-hopping interaction, similar

to a π−phase Josephson junction.

Through the use of a Hubbard-Stratonovich transformation we can write down the partition function

Z = Z0Tr e−βF (∆) as a sum over a bosonic field ∆

F =
1

β







∫

p,iΩ

Γ−1(p, iΩ)|∆(p, iΩ)|2 + b

2

∫

p1,p2,p3

∆(p1)∆
∗(p2)∆(p3)∆

∗(p1 − p2 + p3)







Γ−1(p, iΩ) =
T−1(p)

g
−
∫

k

G(k +
p

2
, iω + iΩ)G(−k +

p

2
,−iω) , b =

∫

k

G2(k, iω)G2(−k,−iω) .
(2)

We use this to find the critical temperature Tc and chemical potential µc by solving

min
p

Γ−1(p, 0) = 0 , n =
T

Vol

∂ lnZ

∂µ
= nF + nB , nB = −TrΓ

∂Γ−1

∂µ
. (3)

where nF is the free-fermion occupation and nB the number of bosons ( or pre-formed Copper pairs).

Strong coupling limit

In the weak coupling limit µ ≈ εF , µβ → ∞, nF ≫ nB we receive the familiar BCS limit. In strong coupling

µ < 0, µβ → −∞, nB ≫ nF all fermions are essentially bound up in pairs with mass

mB = 2m

(

1− 8πεΛe
− 2

dV αλ2

V

)−1

(4)

(here εΛ is the ultraviolet cut-off). For α = 0 we findmB = 2m. For α > 0 we find an important correction. In

fact, for α > eελ
εΛ

(→ 0 for ε → ∞) there exists an interaction strength for which the mass diverge, indicating

an instability towards a finite momentum, FF, state

dVc = − 2

W (− ελ
αεΛ

)
(5)

where W is the Lambert W function.
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Figure 2: The evolution of Tc, Q,mB, µ, nB as a function of interaction strength. Here εF = 1, ǫΛ = 50, λ = 2π√
2

where energy is

meassured in ~
2

ma2
and lengths in a. Points indicated by a red dot is not to be trusted and should be omitted.

Results

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

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

• Fig 2b Onset of finite ordering vector Q. The transition is of second order for small α and first order for

bigger α.

• Fig 2c The second order phase transition coincides with the divergence of the effective mass.

• Fig 2d,e By increasing α we effectively move forward the strong coupling regime. This can be seen from

the relative occupation of bosonic degrees of freedoms nB/n ( in Fig 2e) accompanied by the onset of

negative chemical potential µ < 0 (Fig 2d).

• Note the rather violent behavior at α = 0.05. Here the transition to a finite Q 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.

• 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.

• Magnetic order and magnetic spectra have

been intensively studied in the past using elas-

tic and inelastic neutron scattering, including

the discovery of striped spin-density wave (SDW)

order.[1]

Present work: we expect that there is a subdomi-

nant triplet PDW mode ~∆(π,π) 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.

Figure 3: Fermiarc like Fermi surface in a Fulde-Ferrell

state.
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In operando studies of ScYSZ electrolyte supported symmetric 

solid oxide cell by X-ray Diffraction
J.X. Sierra1, H. F. Poulsen2, P. S. Jørgensen1, C. Detlefs3, P. Cook3, H. Simons2, C. Yildirim3, S. R. Ahl2,  A. C. Jakobsen2, I. Kantor2, J. R. Bowen1 
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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 oC 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. 
 

At ID06 beamline we are currently commissioning 

a dark field microscope, which enables zooming 

in on mm-sized samples and perform 3D mapping 

of grains and stresses at a 100 nm scale in 

regions of 200 µm. This provides unprecedented 

opportunities for studying microstructural changes 

in operando materials.  

Setup of the synchrotron beamline hutch 

at ESRF - ID06 Beamline: 
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In another experiment run at 900 oC, snapshots at 

0V and 2V were taken with an interval of few 

seconds. The internal processes of the electrolyte 

grains are unknown, further investigations are 

expected to provide more information. 

Relative d-spacing of (111) diffraction 

line across the cell and schematic 

view of the cell polarization and 

bubbles found. 

An objective  lens 

composed of 

several beryllium 

lenses magnifies 

the projection of a 

diffracting grain. 

Estimated stress across the cell only 

from Δd-spacing 
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A gradient in d-spacing is observed across the cell after 24 hours. Decrease of d-

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 

hours running at operating conditions. Snapshots show changes in the internal 

structure when the current is applied.  

 Introduction 

  Structural evolution and oxygen bubble formation   Dark Field X-Ray Diffraction Microscopy 

Oxygen bubble formation in 

electrolyte close to the anode region 

  Results 
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     Results and Discussion 
 

To investigate the protein:protein and protein:DNA arrangement in the two life cycle of 

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 

co-purify NTD:MOR, 58:OL and CI:OL, a necessary step to obtain monodisperse 

samples. We also show that the affinity between NTD:MOR, 58:MOR is suitable for 

preparing stable heteromer complex. This was also evident from initial SAXS studies, 

but more important the SAXS studies strongly indicates SANS studies should be 

possible. Although, the simulated I(0) indicates, that we need to increase the 

concentrations compared to SAXS studies, as these were calculated with 3 mg/mL and 

1.5 mg/mL. Three CI variant (CI, 58 and NTD) has been deueterated, and are ready 

to be purified for further investigation with neutrons. 
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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  genome until an external factor signals it to switch to the lytic 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 cI and mor coding for the two main regulatory proteins of the genetic switch2. CI forms a 

hexamer, and binds to three palindromic operator sites OR, OL and OD, which represses the lytic life cycle promoter (PL). The other protein MOR has been 

suggested to bind to CI, forming a complex, which binds to a still unknown DNA sequence in order to repress the lysogenic life cycle promoter2 (PR) (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 binding3,4. The C-terminal domain of CI (CTD) is responsible for 

oligomerization of the hexamer. A part of CTD, CTD1, is responsible for the dimerization. A truncated variant of CI, 58, that contains NTD, linker and CTD1, has 

previously been shown to constitute the binding unit for the OL site4.  

 Here we present our progress in producing, characterizing and purifying stable binary (protein/DNA) and ternary (protein, deuterated 

protein and DNA) complexes, to be used in future small angle neutron scattering contrast variation studies. 
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Dynamics of Microscale Precursors Establish Brittle-Compressive Failure in 

Rocks as a Critical Phenomena 



q 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. 

q 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. 

q 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. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Schematic illustrating the principle of 

microtomography using high energy X-rays. 

 

 

 

 

 

 

 

 

 

 

 
(Renard F et al., 2016) 

FThis technique provides access to the microstructure of the sample during deformation at a spatial resolution of 6.5μm and at lab time scale. 

F2D cross-sections for each scan are reconstructed into a 3D volume. 

Experimental Conditions 

Sample
Confining Pressure 

(MPa) 
Failure Point (MPa)

Pore Pressure 

(MPa)

M8-1 20 130 0 

M8-2 25 196/197 0 

M8-3 30 199 0 

M8-4 23 200 10 
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Plot of similarity dimension D0 as a function of box size with 10 data 

points (b~2) obtained using pseudo-geometric sequence. Slope changes at 

length scale, l = 0.2 mm near failure. 


vScaling 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) 

vSaturation of damage rate and size cut-off in distribution of damage increments hints for presence of 

mechanisms like sub-critical crack growth and percolation. 

vTime 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.  


FLockner, 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. 

FGirard, L., Amitrano, D., & Weiss, J. (2010). Failure as a critical phenomenon in a 

progressive damage model. Journal of Statistical Mechanics: Theory and 

Experiment, 2010(01), P01013. 

FRenard, F., Cordonnier, B., Dysthe, D. K., Boller, E., Tafforeau, P., & Rack, A. (2016). A 

deformation rig for synchrotron microtomography studies of geomaterials under 

conditions down to 10 km depth in the Earth. Journal of Synchrotron Radiation, 23(4). 

FClauset, A., Shalizi, C. R., & Newman, M. E. (2009). Power-law distributions in 

empirical data. SIAM review, 51(4), 661-703. 




s(σ) or s – microfracture size increments or avalanches; Smax = size of the largest cluster; s* = upper cut-off size in the distribution; ϕ = volume 

of microfractures or porosity of the sample; ϕi = initial porosity; σ = applied axial stress; σf = stress at failure; D = (ϕ- ϕi)/ ϕi : damage index; Δ = 

(σf - σ)/ σ : control parameter, measure of distance from failure; 


 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deformation curves for two Carrara marble samples, 

M8-1 and M8-2 of varying hetrogenity and rate of 

increase in applied stress. Both the samples exhibit a 

quasi-brittle failure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Distribution (CDF – Clauset et al., 2009) of damage increments or avalanches follows a power-law distribution 

with an exponential cut-off, P(s) ~ s-α exp(-s/s*), which grows on approaching failure. (b) Values of α estimated from 

maximum likelihood method proposed by Clauset et al., (2009). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exponential size cut-off increases on approaching 

failure and diverges at failure (Δ = 0). 

a 
b 



187 MPa 190 MPa 194 MPa 195 MPa 196 MPa After Failure 

Shear plane ~ 30o 

193 MPa 
5 mm 


 

 

 

 

 

 

 

 

 

 

 

 

 

 

Change in the slope is observed at a size ~ 104 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 (Δ = 0). 



Computed Tomography using a Weighted
Shearlet-based Sparsity Penalty

N A B Riis1 (nabr@dtu.dk), J Frøsig2, Y Dong1, and P C Hansen1

1 DTU Compute, Richard Petersens Plads, Building 324, DK-2800 Kgs. Lyngby, Denmark

2 FORCE Technology, Park Alle 345, DK-2605 Brøndby, Denmark

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.

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

Centered Off-centered

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

Results

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

Centered Off-centered

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

Reconstruction method

Discrete model of the scanning process:

A ≈ b, (1)

A ∈ R
m×n is the discretized Radon transform,

 ∈ R
n represents reconstruction←unknown,

b ∈ R
m are the noisy measurements.

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

min
≥0

1
2
‖A − b‖2

2
+ α ‖W‖1, (2)

α > 0 is the regularization parameter,
W = dig() ∈ R

p×p with weights  ≥ 0,
 ∈ R

p×n 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 c = . Iterative updates:

xk+1 :=min
≥0

1
2
‖A−b‖2

2
+
ρ

2
‖−ck+k‖2

2
, (3)

ck+1 :=min
c

α‖Wc‖1 +
ρ

2
‖k+1−c+k‖2

2
, (4)

k+1 := k+k+1−ck+1, (5)

 are scaled Lagrange multipliers and ρ > 0.

The updates are calculated using:
(3): CGLS [6] + non-negativity projection.
(4): Element-wise soft thresholding.
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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.



Structural characterization of a Glucoronoyl Esterase from Opitutus 

terrae 
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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].  
GEs 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. 

   Background 

Structure of OtCE15A 

 Catalytic activity 

Figure 5: 

Top: Reaction diagram showing the 
hydrolysis of methyl 4-0-Me-D-
Glucopyranurate by the fungal GE StGE2, 
PDB 4G4G [5].  
Bottom: Activity measurements of 
OtCE15A on different model substrates. 

• The structure has the typical α/β 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 other CE15 
• 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 3: 

Left: Overall structure of OtCE15A (not published) from bacterium Opitutus terrae, The β-sheet is positioned between two clusters of α-helixes, with two β-strands 

antiparallel to the others, resulting in a twisted β-sheet. The catalytic triad is displayed as green sticks. Right: Close up of the catalytic triad Ser237-His378-

Glu260 of bacterial OtCE15A (green) superpositioned on top of the catalytic triad of the two previously published GE structures of StGE2 (magenta, PDB: 4G4G) 

and Cip2_GE (yellow, PDB: 3PIC). Picture made in Pymol. 
Figure 4: Top left: Top view of OtCE15A superimposed with 4G4J substrate. Top 

right: Top view of 4G4J. Bottom left: 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 (S213A) in 

complex with 4-O-methyl-β-D-glucopyranuronate. The ligand from 4G4J is shown 

in all four pictures. Picture made in Pymol 

The activity of OtCE15A has 
been tested on a number of 
model substrates, indicating 
higher catalytic efficiency on 
benzyl glucuronate. 

Crystallization 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 μL of crystallization mother liquor, followed by 0.2 μL of stock solutions of heavy atom 

compound to the drop containing the crystals for a final concentration of 0.5 mM of KAu(CN)2. 
• 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 

III, DESY, Hamburg. 
• The structure of OtCE15A was solved by molecular replacement using an unpublished structure of a bacterial CE15 from the same project, 

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

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.  

Buffer system 1: (Imidazole; MES monohydrate (acid), pH 6.5 @ 20 C) | Buffer system 3: (Tris (base); BICINE, pH 8.5) | Precipitant mix 4: (25% v/v MPD; 25% PEG 
1000; 25% w/v PEG 3350) | Halogens: (0.3M Sodium fluoride; 0.3M Sodium bromide; 0.3M Sodium iodide) | Divalents: (0.3M Magnesium chloride hexahydrate; 0.3M 
Calcium chloride dihydrate) | NPS: (0.3M Sodium nitrate, 0.3 Sodium phosphate dibasic, 0.3M Ammonium sulfate) | Carboxylic acids: (0.2M Sodium formate; 0.2M 
Ammonium acetate; 0.2M Sodium citrate tribasic dihydrate; 0.2M Sodium potassium tartrate tetrahydrate; 0.2M Sodium oxamate) 

•PETRA III 

•Danish instrument Center DANSCATT 

•XDS (http://xds.mpimf-heidelberg.mpg.de/) 

• Phenix (https://www.phenix-online.org/) 

• COOT (lmb.bioch.ox.ac.uk/coot/) 

• Pymol (http://www.pymol.org/) 
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Using Time-Resolved Small-Angle 

Scattering to Monitor Viral Capsid 

Assembly 

Small-angle scattering. 

• Provides information 

about 

macromolecular size 

and shape 

• Neutrons provide 

additional contrast-

matching ability 

• Capabilities are 

improving for smaller 

sample volumes and 

time-resolved 

measurements 

1Department of Biochemistry and Structural Biology, Lund University, Naturvetarvägen 14, 221 00, Lund, Sweden 
2European Spallation Source ERIC, Data Management and Software Center, Ole Maaløesvej 3, 2200 Copenhagen N, 

Denmark 
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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 

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 

over time can be followed separately and this will give a unique 

insight into the capsid assembly pathway and the conformation 

of RNA. We specifically plan to study how the length of 

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 

inference.  

 

Data analysis. 

• Structure-based scattering calculations from 

experimental data and atomic models (PDB 

and Rosetta macromolecular software suite) 

• Bayesian statistical inference used to 

determine concentration and weighting of 

multiple intermediate components during 

assembly 

• Assembly pathway kinetics develops a 

model for protein self-assembly in viral 

capsid assembly 

 

Progress / Future directions. 

• 2 successful beamtime proposals (ORNL, 

ISIS) 

• Purification being performed and optimized 

• Preliminary computational methods in 

development 

Ryan Oliver1, Wojciech Potrzebowski2, Ingemar André1 

Sample area and detector tank of 

the Bio-SANS instrument at the 

High-Flux Isotope Reactor of Oak 

Ridge National Laboratory 
(Tennessee, USA). 

Schematic overview of stopped-flow 

mixing for time-resolved 

measurements. This process has 

been implemented at SANS2D of 
ISIS Neutron Source (Oxford, UK). 

• Experimental time-resolved scattering data for mixtures of intermediates 

are acquired (A) 

• Scattering curves are simulated for each high-resolution model of protein 

(B) or nucleic acid (C) 

• Based on these curves and experimental data a deconvolution algorithm 

determines the weights (D), which are coupled through a kinetic model (E) 

Sample 

Preparation.  

• Capsid proteins 

forming virus-like 

particles 

expressed in 

E.coli 

• Purified capsid 

proteins will be 

monitored with 

SANS during 

capsid formation 

• Capsid formation 

will be initiated by 

the addition of 

RNA or assembly 

buffer 

• Kinetics 

modulated by 

temperature and 

buffer conditions 
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Biochemical And Structural Investigation of the CE15 Family of Enzymes: 

Important Enzymes Acting To Liberate Hemi-cellulose from Lignin 
 

Scott Mazurkewichab, Jenny Arnling Bååthab, Jens-Christian Navarro Poulsenc, Rasmus Meland Knudsenc, 

Lisbeth Olssonab, Leila Lo Leggioc and Johan Larsbrinkab  
 

a 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 

cDepartment of Chemistry, HC Ørsteds Institutet, Copenhagen University, Copenhagen, Denmark 
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Figure 1: Glucuronyl esterase reaction (A). GEs break the ester linkage between lignin (red) and 

glucuronic acid (blue) found on xylan chains (green). Phylogenetic analysis of CE15 family 

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. 

A 

B 

• Glucuronoyl esterases (GEs) are a relatively new class of 

enzymes which cleave an ester linkage connecting lignin 

to glucuronoyl xylan (Figure 1A).  
 

• Putative GEs have now been identified in many biomass 

degrading microbes and the enzymes are now classified 

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.  

Cloning, 

recombinant gene 

expression, and 

protein 

purification 

Objective 

Background 

• To advance our understanding of the CE15 family by 

biochemically characterizing and determining structures 

of bacterial CE15 proteins from across the protein family. 

• Investigating hypothesized roles of active site residues. 

• Co-crystallization of SuCE15-C with ligands. 

Future Work 

Biochemical 

characterization 

on model 

substrates 

Crystallization 

& structure 

determination 

by x-ray 

diffraction 

Biochemical Characterization 

Figure 2: Structure of SuCE15-C. Crystals of SuCE15-C were produced by sitting drop from 23 mg/mL of protein with 

a condition from a Morpheus screen  (A). X-ray diffraction image obtained from one of the crystals seen from panel 

A (B). Data were collected at beamline P11, Petra III, DESY, Hamburg. The structure was solved using isomorphic 

replacement from a selenomethionine substituted protein crystal. Overall structure of the enzyme (C). Close-up 

view of the proposed active showing putatively important residues (D). Proposed model of substrate, coloured as in 

figure 1, binding to the enzyme leading to catalysis (E). 

CE15 

kcat/Km (s-1M-1) 

Clade Benzyl 

Glucuronate 

Allyl 

Glucuronate 

Methyl 

Glucuronate 

Methyl 

Galacturonate 

OtCE15-A 8 4.64 x 103 8.80 x 103 6.85 x 103 4.85 x 103 

OtCE15-B 3 1.86 x 101 2.82 1.14 8.68 

OtCE15-C 10 1.16 x 104 2.49 x 103 8.98 x 102 1.19 x 103 

OtCE15-D 11 1.11 x 104 3.45 x 103 5.19 x 102 1.95 x 10-6 

SlCE15-A 9 1.88 x 103 1.00 x 103 1.55 x 103 3.82 x 101 

SlCE15-B 12 2.60 x 103 9.08 x 102 4.57 x 102 3.66 x 10-7 

SlCE15-C 12 9.69 x 102 1.11 x 102 1.03 x 102 3.73 x 10-6 

SuCE15-A 10 2.20 x 104 5.47 x 103 2.32 x 103 1.62 x 103 

SuCE15-B 12 1.49 x 103 3.65 x 102 6.00 x 102 9.00 x 10-3 

SuCE15-C 10 2.27 x 104 1.57 x 104 1.66 x 104 1.59 x 103 

Table 1: Catalytic efficiencies of CE15 enzymes investigated on model substrates. 

Means and standard errors of duplicate measurements are presented. 

**Not determined due to low activity 

Methods 

Crystal Structure of SuCE15-C 

• All of the enzymes have glucuronoyl esterase activity. 

• Many show minimal discrimination between small 

and large ester substituents (methyl vs phenyl). 

• Enzymes from clades 11 and 12 discriminate between 

uronate substrates (Me-Glc vs Me-Gal). 

A B 

C D 

E 

• The overall fold is an aba-sandwich similar to the fungal CE15 

proteins previously solved. 

• Contains the catalytic triad (Glu-His-Ser) of serine hydrolases. 

• Differences lie mostly on the surface of the protein leading to 

possible differences in substrate recognition.  

• Modelling of a proposed glucuronoyl xylan into the active site 

has lead to hypothesized roles for specific residues. 

Trp327 

His377 

Ser236 

Glu259 

Phe114 

Trp327 

His377 

Ser236 

Glu259 

Phe114 

Glucuronoyl 

Esterase 

H2O 
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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.  

Numerical Methods for 3D Inversion of Diffraction Patterns 

Tiago Ramosa , Martin Skovgaard Andersenb, Jens W. Andreasena 
a Technical University of Denmark – Department of Energy Conversion and Storage, Roskilde, Denmark 
a Technical University of Denmark – Department of Applied Mathematics and Computer Science, Lyngby, Denmark 

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. 

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. 

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-

field propagation ≈ Fourier Transform). 

References: 
[1] S. Maretzke, M. Bartels, M. Krenkel, T. Salditt, and T. Hohage, “Regularized 

Newton Methods for X-ray Phase Contrast and General Imaging Problems,” 

vol. 344, no. 1999, pp. 40–55, 2015. 

[2] W. van Aarle et al., “The ASTRA Toolbox: A platform for advanced 

algorithm development in electron tomography.,” Ultramicroscopy, vol. 157, 

pp. 35–47, 2015. 

 

Methods: For a given sample described by 

its complex refractive index 

, the measured intensities in the X-ray 

detector are modelled according to  

 

 

 

where  represents the two-dimensional 

Fourier Transform operator,  the probe 

function and  the domain or field-of-view 

of the sample at each scanning coordinate. 

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 presented resulted from simulated diffraction 

patterns acquired at random orientations as illustrated above. 

  

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. 
d 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. 



Multi-phase 3D Image Segmentation
with Tetrahedral Mesh

Tuan Nguyen

DTU Compute, Technical University of Denmark
tntr@dtu.dk

Abstract

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:

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

• 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).

(a)
(b)

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

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 =

∫
Ω
(I − g)2dΩ + α Area(Γ) (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 (g) Iteration 30 (h) Iteration 150

Figure 2: Evolution of the mesh. Top row: Original image and segmentation; Bottom row:

evolution of the mesh

3. Intensity based segmentation

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.

(a) Fuel cell scan (b) Fuel cell segmentation (c) Material 1 of the fuel cell

(d) Cement, material 1 (e) Cement, the air (f) Cement, material 2

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

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)

(d) 90◦ (e) 45◦ (f) −45
◦ (g) 90◦ (h) Air

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

We are planning to make our method available to public.

• C++ source code

• Binary executable

• Possible to run on the miGrid or any cluster server

6. Future works

We are implementing adaptive resolution mesh for optimal

representation of the mesh.

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

age Segmentation Using Deformable Models. In Hand-

book of Medical Imaging, pages 129–174. 2004.
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LP3 & DEMAX 
Wolfgang Knecht1,  Claes von Wachenfeldt1 & Zoë Fisher1,2 

 

LP3 and DEMAX are located in the Biology 

building A, Sölvegatan 35, Lund, Sweden. 

(lp3@biol.lu.se, www.lu.se/lp3), close to the 

sites for MAX IV and ESS. 

 

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. 

 

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).  

 

The DEuteration and MAcromolecular Xtallization (DEMAX) 

platform of the European Spallation Source ERIC (ESS) co-

localized with LP3 in 2016. 

 

LP3 can help with: 
 

1Lund Protein Production Platform (LP3), Sölvegatan 35, 22362 Lund, Sweden and 2Scientific 

Activities Division, European Spallation Source ERIC (ESS), Tunavägen 24, 22100 Lund, Sweden. 

 

Protein production  

 
•  Plasmids for protein production 

•  Recombinant protein production: 

a. in bacteria (E. coli) 

b. in eukaryotic (insect) cells 

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

•  Protein purification  

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 

 

 

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: 

 

• Production of deuterated proteins for 

macromolecular crystallography  

• Crystallization of interesting proteins for 

neutron work 

• Production of labeled proteins/lipids for 

neutron reflectometry.  

 

LP3 &  

DEMAX 

For further information:  

www.lu.se/lp3 

Brief Facts 2017 

45 users | 91 unique 

deliveries in 53 protein 

production projects | 158 

protein crystallization 

plates | 10 visitors at LP3 

Structure determination 
  

•  Applications for beamtime at synchrotron facilities 

•  Collect and process x-ray data  

A Strategic Research Area 

at Lund University 
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