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1.  Introduc+on:	sta+c	and	dynamic	

2.  Seeing	atoms	trough	diffrac+on	

3.  FEL	in	a	nutshell	

4.  Scien+fic	impact:	results	and	“dreams”	

5.  PSI	and	Industry	
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Materials (in a very broad sense) 
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Medicine/Health 

Transport 

Energy/ 

Enviroment 

Information/ 

Communication 

Which are their constituents, 

properties, functions? 
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Diamond

Graphite

Carbon Nanotubes 

Structure 

Graphene
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Snapshots  with 1-µsecond resolution 
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Aside: "seeing" atoms with diffraction: 
 periodic sample 

Bragg's Law (1912):

λ = 2d sin θ1 atom 5 x 1 atoms 9 x 9 atoms Sym
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Fundamental step 1 :  
produce a „periodic sample“ 

LCP grown crystal optimization for serial crystallography in syringes 

28% PEG400 31% PEG400 34% PEG400 37% PEG400 
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Fundamental step 2 : 
 produce a „powerful light source“ 

31% PEG400 34% PEG400 37% PEG400 

High photon 
flux 

Small freq. 
bandwidth 

Low 
divergence 

Small source 
size 

Ultrashort pulsed source  

Size = 1 micrometer 
Duration = 10 fsec 
Photons/pulse = 1011 
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SwissFEL: Schematische Darstellung 
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X-ray FEL Projects Around the World 

LCLS 
SACLA 

    EuXFEL 

SwissFEL 

PAL FEL 

Sym
po

siu
m S

ch
weiz

er 
Spit

ze
nm

ed
izi

n 2
01

7



Fundamental step 3:  
Advanced technologies for sample delivery 

Page		11	

Sym
po

siu
m S

ch
weiz

er 
Spit

ze
nm

ed
izi

n 2
01

7



SwissFEL:  in the forest 
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SwissFEL construction site  

Injector	

Linear	accelerator	

Undulators	

Experiments	

Building	figures	

Overall	length:	740	m		
Soil	excava+on:	95’000	m3	
Concrete:	21’000	m3	/	50’000	t	
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First Users  
at SwissFEL 
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Accelerator / Undulators 
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Membrane protein drug targets 

•  Membrane	proteins	targets	make	some	of	the	most	
successful	medicines	to	date.	

•  Most	tractable	membrane	targets	have	been	
successfully	mined	leaving	the	most	challenging	
targets	yet	to	be	addressed	

	
•  Structure	based	drug	design	will	unlock	challenging	
membrane	protein	targets	(GPCR,	ion	channel,	
transporter)	
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Kang.	et	al.,	Nature,	2015		

	

Difficult membrane protein complexes 
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Light-triggered 7 TM proteins  (LBR Proposals) 
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Structural Dynamics from fs to ms Optogenetic Applications 

Light-triggered 7TM proteins: 

§  G protein-coupled receptors 

§  Light-gated channels 

§  Light-driven ion pumps 

§  Light-driven proton pumps 

 

Function of light-triggered 7TM proteins: 
§  Vision, Regulation of circadian cycle 

§  Phototaxis 

§  Preservation of ion gradients 

§  Generation of Energy 
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„Dream“ 
  
FEL enabled visualization 
of: 
 
•  Binding strajectory of 

ligands 
 

•  Binding intermediates 
 

•   Conformational changes 
upon signaling 
 

•  Structural basis of biased 
signaling 

MD simulation b-adrenergic receptor  
and carvedilol by Xavier Deupi 
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Catalysis 
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PSI and Industry 
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SLS 

Swiss Free Electron 
Laser 

LBR 
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LeadXpro AG – company at a glance 
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Single	shot	experiments	are	a	speciality	of	Switzerland!	
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