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BBio
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Biology is Dynamic and has many Time Domains



Time domains in Biology
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Evolution million of years 

Human life cycle 80 years 

Circadian day night rhythm one day 

Cell division hours 

Enzyme activation milliseconds 

Protein motion conformational change microseconds 

Formation of early photoproduct in vision picoseconds 

Retinal isomerization femtoseconds 

Photon capture, orbital rearrangements attoseconds 
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The catalytic step in vision

¨ The quantum yield and stereo selectivity 
¨ is decided in 200 femtoseconds!!! 



www.deltagen.com

Membrane proteins are key drug targets



G-ProteinCoupled Receptors GPCRs

Deupi & Kobilka, 2010

GPCR



Beta1 Adrenergic Receptor 
C3 deletions and stabilizing mutations

R68S

M90V

F338M

F327A

A282L

Y227A

Moukhametzianov  and Schertler PNAS 2011



How does a ligand  bind to a GPCR?



Structure of stabilized beta 1 adrenergic receptor



Warene, Tate and Schertler Nature 2008 



Rhodopsin in the Visual System

ROS

Rhodopsin activation states

Distribution of rods in the retina

Lodish et al., 2003, Deupi & Standfuss, 2011



GPCR Activation: Rhodopsin

Retinal	
  
and	
  
CWxP

NPxxY

E(D)RY

GαCT 



M257Y rhodopsin contains all-trans retinal 	
  
covalently bound as in active Rhodopsin: Meta-rhodopsin II

Deupi et al., Proc. Natl. Acad. Sci., 2012



A structural basis for hereditary blindness

Retinitis PigmentosaRetinitis Pigmentosa

Normal Vision Retinitis Pigmentosa (RP)

Retinitis pigmentosa (RP) is a hereditary disease leading to initial night blindness with slow progression towards 
complete loss of sight 

! Occurrence 1:4000 at birth
! Rho gene disease origin for 25% of RP patients
! 90% of mutations are misfolding mutations 
! Four mutations result in a non-progressive night blindness phenotype (CSNB)                           
! Oral application of small molecules (Vitamin A plamitate, Safranal) reduces retina degeneration in mice and human RP 

patients
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Ankita Singhal

Singhal et al., EMBO Rep. 2013 
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The catalytic step in vision

¨ The quantum yield and stereo selectivity 
¨ is decided in 200 femtoseconds!!! 



!Methods to look at unique structures on a wide range of length scales and time scales 
are necessary to obtain a building plan of biological signaling machines! 

!Dynamic atomic  information not static structure is necessary for understanding the 
pharmacology of drug targets! 

!Understanding catalytic effect of proteins means to observe the changes to the dynamic 
energetic landscapes introduced by the the bound substrate or ligand. 

!Quantification of the dynamic mixture of different conformations of Receptors, Channels 
and Transporters in solution can explain drug action in more precise detail. 

!Using the right kind of experiments all these questions can be 
addressed with the Free Electron Laser SwissFEL in the future. 

Why Pharmacology needs SwissFEL



SwissFEL Building
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SwissFEL: making a incredibly intense Femtosecond Puls

Incredibly short and
 intens  and coherent X-ray puls



SASE: "self amplified spontaneous emission"

The XFEL How it Works
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Newly Commissioned CXI Hutch Optimized 

Sample Chamber 
1 micron beam

Detector HousingCornell-SLAC Pixel Area Detector  
• 10 micron pixels   
• 1.5 megapixels   
• tiled design



R. Abela, P-SAC , February 2014

X-ray Detector Development 

Integrating (FEL) 
Systems

Mythen II Eiger
EU-XFEL, SwissFEL: 

Gotthard
EU-XFEL: 
AGIPD

SwissFEL: 
Jungfrau

X-ray free-electron laser detectors

Synchrotron detectors

vth
Number of 
 photons

Single photon counting

Total number of  
electron-hole pairs

Charge integrating detectors



Droplet Injector for Biological Suspensions

From John Spence
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Femtosecond nano crystallography 

From John Spence



Gebhard Schertler P-SAC , February 2014

A Strategy for FEL Biology 

Suspensions: 
3D nano and microcrystals
Large protein assemblies:
Virus particles, Virus shells 
Protein/RNA assemblies:  
Spliceosome, Signalosome, Ribosome
Protein solutions and Membrane proteins 
in detergent: 

WAXS experiments 
Ultrafast photochemistry and photobiology 
Serial femtosecond crystallography (SFX) 

            

3D Blocks of tissues: 
Retina 
Bone  
Muscle  
Brain tissue 
Block of frozen yeast 
3D-printed cell assemblies 
         

Supported 2D sections: 
Tissue sections 
2D Membrane protein crystals 
Tubular protein assemblies 
Tubulin and helically arranged  
membrane protein tubes 
3D Nanocrystals on a support 
  

         

Samples generated from live systems 
from biologists: 

         

Jet sample injectors: 
Fast Jet system: 
Fast pump-probe, WAXS and SFX  
Slow Jet injector: 
For viscous and jelly samples 
LCP-Jet membrane protein SFX 

Nano-beam with cryo-  
2D scanning stage: 
2D crystallography 
Element selective topography 
Helical 3D reconstruction 
Characterization of nanocrystals
Crystallography with very small  
amounts 

         

Nano-beam with cryo-  
3D scanning stage: 
3D element selective topography 
Element selective imaging 
Direct or holographic imaging 
Tomography 

         



Radation Damage 
in X-Ray Diffraction  and EM  
is limiting Structural Biology



Outrunning Radiation Damage in Crystallography

1) When the light is not on then we can not see what is happening
2) Only crystalline ordered material has enough average 

signal to be detected

Tricks:



3D CRYSTALLOGRAPHY  WITH FELS

Boutet	
  et	
  al,	
  2012
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Femtosecond nano crystallography 

From 
Petra Fromme



Structure of Photosystem I from XFEL Data

From Petra Fromme and John Spence



Schlich&ng	
  et	
  al,	
  Curr.Op.Strcut.Biol.	
  2012

Lysozyme	
  Nanocrystallisa1on

“about	
  1.5	
  million	
  individual	
  “snapshot”	
  diffrac8on	
  pa9erns.	
  
	
  	
  About	
  4.5%	
  of	
  the	
  pa0erns	
  classified	
  as	
  crystal	
  hits,	
  18.4%	
  of	
  which	
  were	
  indexed.”	
  

Boutet	
  et	
  al,	
  2012

Serial	
  Femtosecond	
  Crystallography	
  (SFX)

Ilme	
  Schlich*ng	
  	
  MPI	
  Heidelberg



Serial	
  Femtosecond	
  Crystallography	
  (SFX)

Boutet	
  et	
  al,	
  2012



!Fully hydrated nanocrystals gave excellent diffraction patterns at room 
temperature 

!Pulses from 2 to 60 Femtoseconds were useful to outrun radiation 
damage and no degradation of patterns was detectable when nanocrystals 
were used 

!The method of Femtosecond X-ray crystallography will revolutionize 
dynamic structural biology  

!Difficult but medically very interesting targets like membrane proteins are 
very well suited for femtosecond nano crystallography  

  

Femtosecond Nano Crystallography



Working with micro and nano crystals



Coherent X-ray Diffraction Imaging: CXI 



Diffraction from 2D crystals 
on a 
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2D crystals of Voltage Gaited Channel
•3D structure of Channel in 2 Dimensional crystals obtained by cryo-EM 
•Prepared in the Biomolecular Research Laboratory at PSI 
•by Ching Ju Tsai with Xiao Dan Li project start 2010 Cryo-EM projection structure of 2D 

crystal

Purified
channel

Suspension of 2D crystal on carbon film

Tsai, C-J, et al, Two Alternative Conformations of a Voltage-Gated Sodium Channel, J Mol Biol (2013),



3D structure of Voltage Gaited Channel

3D Cryo-EM structure 
from  2D crystal of a 

channel



Ching Ju Tsai with solid suppor
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X-ray Free Electron Laser end station
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Solid support in vacuum chamber
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Devastating impact of a  
X-FEL
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Diffraction from 2D crystals 
on improved 
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Run	
  0165	
  
Averaged	
  pa*ern	
  from	
  104	
  
images
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Gebhard Schertler P-SAC , February 2014

First Publikation on D2 Membrane Protein Crystal X-ray diffraction



Gebhard Schertler P-SAC , February 2014

First Publikation on D2 Membrane Protein Crystal X-ray diffraction



 Lipidic Cubic Phase   
Crystallization

Our membrane protein structures have often 
moderate resolution 

Lipidic Cubic Phase (LCP) crystallization produces 
often membrane protein crystals with Type I 
packing of molecules 

The new crystal forms can show increased order 
This way can get better resolution  membrane 

protein structures 
Still a number of technical issues in practice

49



MRC Robotic Cubic Lipidic Phase  
Dispendser
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100nL dispense on UV transparent 96 well plate
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PharmaINFOcus
A REGULAR ROUND-UP OF INDUSTRY PRODUCTS, INNOVATION, NEWS AND DEVELOPMENTS

TTP LabTech are pleased to
announce the launch of
mosquito® LCP. Developed in
collaboration with senior
researchers from the MRC, UK
(Gebhard Schertler and Pat
Edwards), this instrument
facilitates the automation and
increased throughput of lipidic
cubic phase (LCP) crystallisation
set-ups. This novel automation
system enables LCP screening 
to be performed accurately and
with ease.

The LCP technique for
crystallising membrane proteins
can be difficult and time-
consuming to set up by hand as it
utilises highly viscous lipid
mesophases to reconstitute
proteins. TTP LabTech has
overcome these problems with
mosquito® LCP, a dedicated
pipetting instrument for
automated LCP screening set-up.
This new product boasts the full
functionality of the renowned
mosquito product, whilst
incorporating technical
innovations specific for 
LCP techniques.

Using a positive displacement
syringe with automated tip
positioning, mosquito LCP
provides accurate and repeatable
dispensing of the LCP drops. The
precise positioning of the LCP
material also facilitates automated
imaging of membrane protein
crystals in a range of high density

plate types. Mosquito® LCP
provides significant benefits over
manual processes due to the use
of its unique disposable tip
technology. For the precipitant
additions step, this not only
guarantees zero cross-
contamination, but negates the
need for time-consuming tip
washing. Subsequently, high
throughput rates of more 
than eight 96- well plates per
hour are easily achieved and
evaporation of the dispensed LCP
is minimised.

‘The mosquito® is already
being used extensively for
automated, high throughput
protein crystallisation in sitting
drop, hanging drop and micro
batch applications,’ commented
Gebhard Schertler from the MRC
‘This new instrument now
extends the applications of the
mosquito® to the LCP technique.
The mosquito® LCP will be 
an invaluable addition to 
any membrane protein
crystallisation laboratory.’

www.ttplabtech.com

TTP LabTech launches dedicated instrument
for lipidic cubic phase screening 
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Visible light  UV image 280 nm

LCP crystals of stabilised beta 1 adrenergic receptor



ESRF data
lcp39

Stabilisd beta 1 adrenergic receptor 
Type I membrane protein crystal packing 

2.4 Å
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Protein-LCP Precipitant solution 

Precipitant 
solution 

LCP 

BR 
Microcrystal 

Lipidic Cubic Phase crystallization for SFX



LCP Jet
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Experimental setup for SFX data collection using an LCP injector
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Lipidic cubic phase (LCP) Jet injector ESRF
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Text

Serotonin receptors in LCP 

Cherezov V  Wacker D 

SCRIPS

LCP Jet

http://www.ncbi.nlm.nih.gov/pubmed?term=Cherezov%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23519210


Data collection with LCP Jet 
NANOMEM consortium
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Bacteriorhodopsin structure 
assembled from single shot diffraction 

NANOMEM Consortium



Bacteriorhodopsin diffraction in LCP 
at LCLS Stanford 

LCP Jet FEL BR diffraction Retinal omit map BR FEL



Femtosecond photo isomerization in Rhodopsin crystals



X-ray Free Electron Laser Pump probe experiment

64 !
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The catalytic step in vision

10



Delay line for x-ray pump-probe experiments

Ch. David et. al.  



The Future of Structural Biology

67

Micro and nano- diffraction with             
micro focus beam lines will stay 
essential. 

Dynamic of biological structures is 
essential. 

X-ray Free Electron Lasers will change 
the way we work also on synchrotrons. 

Kinetic Crystallography will become 
more aces sable with FELs 



Gebhard Schertler P-SAC , February 2014

Part of the LB 32 Team at LCLS CXI

Richar Neutze and the part of the measuring team
 from PSI, Arrizona, and Hamburg and Goeteborg



Gebhard Schertler P-SAC , February 2014

Dark Complications
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Dr. Ching-Ju Tsai
Research scientist

Dr. Xiaodan Li
Project Leader


