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The revolutions in Structural Biology  
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The present revolution in structural biology ~2012  
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Structural Biology 
DESY 

Hamburg 

Structural Biology 
ILL, ESRF, IBS, UVHCI 

Grenoble 

Mousebiology 
EMMA, CNR 

Monterotondo 

European Bioinformatics 
Institute (EBI) 
Sanger Centre 

Hinxton 

Basic Molecular Biology 
Research Laboratory 
Central Administration 
EMBO 

Heidelberg 

>1600 staff 
>70 nationalities 

The Five Branches of EMBL 
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10/4/13 5 Budapest BioStruct-X Course, 31.08.2013 



EMBL 

EMBL@PETRA III 

CSSB 
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 European X-Ray Laser 
„Life Reports from Nanospace“ 

 „Nanoscience“ 

1st (soft) X-Ray Laser 
„Ultrashort Science“ 

 German Workhorse Synchrotron radiation 

Phase out  2013 

DESY Accelerators  and  Photon Facilities 
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Petra-III: opportunity for state-of-the-art experiments  

EMBL Indicative Scheme Preparatory Meeting, 27/08/09 

One of the most brilliant storage rings on earth 

Investment ~ 300 M EUR 

Space for 14 SR beamlines, 3 by EMBL (life sciences) 
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P14 (MX2) – July 2012  
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P14 (MX2) – November 2012  

10/4/13 10 Budapest BioStruct-X Course, 31.08.2013 



10/4/13 11 Budapest BioStruct-X Course, 31.08.2013 



Small angle X-ray scattering (SAXS): low resolution 

X-ray crystallography (MX): high resolution 

      X-ray source             Sample            Detection                 Structure 

X-ray based structural biology methods 
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X-ray imaging / X-ray microscopy 

X-ray absorption spectroscopy 

X-ray Raman spectroscopy 

X-ray based circular dichroism 

etc.  

(not further covered in this lecture) 

There are more … 
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Here: Cueva de los Cristales, 
Chihuahua region, Mexico 
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  Crystal dimensions of 1-10 
µm are not rare. 

  Often these crystals have 
superior diffraction 
properties. 

  Very small and very 
parallel beams needed. 

Small Crystals may produce better data 
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hair Ø ≈ 50 µm 
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XFEL 
X-ray laser 

Light Sources and their Brightness 
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  When bend around a curve, 
electrons at relativistic speed 
emit synchrotron radiation in 
a narrow forward cone. 

  The spectrum of the emitted 
radiation is continuous. 

  Synchrotron light is extremely 
bright (brightness is 
measured in photons/s/mm2/
mrad2/0.1%BW) 

Synchrotron Radiation 
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1.  Electron gun  

2.  Linear accelerator  

3.  Booster ring  

4.  Storage ring  

5.  Beamline & 
experimental hutch 

Setup of a synchrotron storage facility 
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ESRF, Grenoble, F 

SOLEIL, Paris, F 

DIAMOND, Oxford, UK 

BESSY, Berlin, D 

SLS, Villigen, CH 
PETRA III, Hamburg, D 

APS, Chicago, U.S.A. 

SPring-8, JP  

Shanghai SRS, CN  

The SR 
champions 

league 
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Bending magnets and insertion devices 

Bending magnet 

Insertion device 

Wiggler 

Undulator 

SASE Undulator (X-FEL) 

Increasing peak brilliance 
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•  Small source size 
PETRA III @ 0m: 
12 µm x 300 µm (FWHM) 

•  Collimation 
PETRA III @ 70m: 
700 µm x 1500 µm  

•  Wide energy spectrum 

•  Time-structure 

•  Polarization 

Key properties of synchrotron radiation 
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Schematic layout of a synchrotron beamline  

www.soleil.fr 



  CAD Drawing 

BioSAXS 

MX1 

MX2 

SPC 

Schematic layout of Petra III SB beamlines  



BioSAXS 

MX1 

MX2 

48 m 28 m 

 53 m 4 m 

BioSAXS MX1 MX2 

Energy [keV] 4-20 5(4)-17 7-35 

Monochromators Si(111) Si(111) Si(111) 

Beam size H x V [µm2] 200 x 60 28 x 13 4 x 1 

Divergence H x V [mrad] 0.04 x 0.01 0.2 x 0.15 <0.5 x <0.3 

Demagnification H / V 1:1.4 / 1: 1.2 1:12 / 1:15 1:60 / 1:40 

Intensity [ph/sec] 1013 1013 1012 

28 x 13 µm2 
0.2 x 0.15 mrad2 

4 x 1 µm2 
0.5 x 0.3 mrad2 

60 m 1.5 m 

200 x 60 µm2 
0.04 x 0.01 mrad2 

ADAPTIVE OPTICS 

Schematic layout of Petra III SB beamlines  
DOUBLE CRYSTAL MONOCHROMATOR 
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Double Crystal Monochromators   

2 d sin θ = n λ  

Use of Si(111) monochromators, due 
to excellent performance in relevant X-

ray energy regime (4-15 keV) 
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•  Purpose: beam focusing 
•  Bimorphic mirrors with 

Kirkpatrick-Baez (KB) 
geometry 

•  Typical specification: slope 
error < 1 µrad. 

•  Very few companies around 
then world with the ability to 
produce high quality KBs  

X-ray mirrors  

2"x"1.5"mm2"
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10 µm 



High-resolution structures of amyloid fibrils   
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4D-Scan to control precise crystal position for 
data collection 
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Radiation Damage ! 



Effects of radiation damage 

10/4/13 35 Ments et al. (2010) PNAS 

Lysozyme data set 
120 K vs. 300 K 

Fate of disulphide bridges 



  For small volumes a large part of the energy of the photo-electrons is 
dissipated outside the irradiated volume 

  This effect becomes more pronounced for higher energy X-rays. 

  For higher energy X-rays the diffraction becomes weaker. 

  Whether this effect can be exploited remains to be seen. 

Intense radiation leads photo-electron escape 



XFEL 
X-ray laser 

Light Sources and their Brightness 
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X-FELs provide pulses that are very intense, 
short duration, short wavelength, and coherent 

29!
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X-rays!

APS=Advanced Photon Source (ANL)!
ALS=Advanced Light Source (LBNL)!

operational now!

800 eV to 2 keV in 2009!
2 to 50 fs, up to 1013 photons!
8 keV, 1012 photons!

Linac Coherent Light Source, 
SLAC, Stanford!

operational now!

200 eV, 25 fs, 1012 photons!
upgrade to 300 eV, 400 fs!

FLASH!
DESY, Hamburg!

LCLS!

operational 2015!

12 keV, 50 fs, 1013 photons!

European X-ray FEL, "
DESY, Hamburg!

FLASH!

HHG!
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X-ray free-electron lasers may enable atomic-resolution 
imaging of biological macromolecules 

Noisy diffraction pattern"

XFEL pulse"

Particle injection"

One pulse, one measurement!

50 fs 2 fs 5 fs 10 fs 20 fs 

R. Neutze, R. Wouts, D. van der Spoel, E. Weckert, J. Hajdu, Nature 406 (2000)"



Nanocrystallography is carried out in a 
flowing water microjet 

80 mm 

Liquid jet 

Interaction 
point 

Front 
detector 
(68 mm) 

Rear 
detector 

(564 mm) 

4 µm jet 3 µm X-ray beam 

0.2 - 2 µm crystals 



We have merged tens of thousands of snapshot 
patterns into a set of 3D structure factors 

Tom White (CFEL) 

Nature 470 73 (2011) 



Molecular replacement reconstructs the 8.5 Å 
structure 

Axel Brunger (Stanford)  

Nature 470 73 (2011) 



The difference between the synchrotron and 
FEL structures might be due to temperature 

Axel Brunger (Stanford)  
using DEN 

  R = 22.2% 
  Rfree = 25.7% 
  <B> = 10.3Å2 

LCLS: orange 
Synchrotron: green 

3PCQ 



The need bridge different resolutions 

Courtesy Jan Ellenberg, EMBL 10/4/13 44 



3 EMBL Units with complementary structural biology activities 

+ Australia 2008 (1st Associate Member) 

HH 

GR 

HD 
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Synchrotron 
and laser 
facilities 

HH GR HD 
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Center for Structural Systems Biology 



EMBL Hamburg faculty  

Missing: Johanna Kallio, Christoph Hermes, Gleb Bourenkow;  seven faculty members departed 2007-2011. 

Rob Meijers (GL) 
Thomas Schneider (GL) 

Victor Lamzin (GL) 

Manfred Roessle (StS) Matthew Groves (StS) 

Michele 
Cianci 

Stefan Fiedler (TL) 
Dmitri Svergun (GL) 

Matthias Wilmanns (GL) 

Jochen M.-Dieckmann (TL) Annabel Parret (StS) 

Maxim Petoukhov (StS) 



BioStruct-X Project Partners and Status 
no.  Participant 

short name 
Participant organisation name Country 

1a 
Coord. 

 EMBL-HH European Molecular Biology Laboratory DE 

1b  EMBL-GR European Molecular Biology Laboratory DE 
2  ALBA CONSORCIO PARA LA CONSTRUCCION, 

EQUIPAMIENTO Y EXPLOTACION DEL LABORATORIO 
DE LUZ DE SINCROTRON 

ES 

3  DESY Stiftung Deutsches Elektronen-Synchrotron DE 
4  DIAMOND Diamond Light Source Ltd UK 
5  ELETTRA SINCROTRONE TRIESTE SCPA IT 

6  HZB HELMHOLTZ-ZENTRUM BERLIN FÜR MATERIALIEN 
UND ENERGIE GMBH 

DE 

7  MAX-Lab Lund University SE 

8  PSI PAUL SCHERRER INSTITUT CH 
9  SOLEIL Société Civile Synchrotron SOLEIL FR 
10  UOXF The Chancellor, Masters & Scholars of the University of 

Oxford 
UK 

11  CSIC AGENCIA ESTATAL CONSEJO SUPERIOR DE 
INVESTIGACIONES CIENTIFICAS 

ES 

12 
 

DECTRIS Dectris Ltd. CH 

13 
 

ESRF Installation Européenne de Rayonnement Synchrotron FR 
14 

 
XFEL European X-ray Free Electron Laser Facility GmbH DE 

15 
 

UOULU Oulun yliopisto (University of Oulu) FI 

16 
 

ITQB Instituto de Tecnologia Química e Biológica – Universidade 
Nova de Lisboa 

PT 

17 
 

WEIZMANN Weizmann Institute of Science IL 
18 

 
ENZIM Magyar Tudományos Akadémia Enzimológiai Intézet HU 

19 
 

MALVERN Malvern Instruments Ltd. UK 

Caption: TNA/JRA/NA partners, red; JRA/NA partners, yellow; NA partners, green. 

 

•  Partner Categories: experiment facilities (red), only R&D (yellow), TID (green) 
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BioStruct‐X Project Tasks 
TNA support for 44 installations: 

  Biological small angle X‐ray scattering  (5)  

  macromolecular X‐ray crystallography (26) 

  Biological X‐ray imaging (4) 

  Protein production and HTP crystallisation (9) 

Level of funding: 60% 

4 selected Joint Research Activities: 

  To enhance methods integration 

  Integration of emerging facilities (XFELs) and 

emerging methods (X‐ray imaging) 

Level of funding: 28% 

  Centralised (via providing facilities) and 

decentralised (via TID centres) training and 

networking activities. 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Project visions – Novelty of the project 

•  To provide integrated support for X-ray based structural biology 
applications, plus protein production and HT crystallization. 

•  To participate in an integrated provision for all infrastructure-based 
applications in structural biology across Europe (INSTRUCT). 

•  The definition of needs are user-driven: strong user bottom-up 
elements. 

•  To establish a unified, transparent and simple-to-use project portal 
and proposal application procedure.  

•  Training, Information & Dissemination: structural biology community, 
overall scientific community, public. 
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Applications from 22 countries 
1st call 

2nd call 

3rd call 
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BioStruct-X Project Evaluation Committee 

•  Chair/Deputy: Joel Sussman, Tassos Perrakis 
•  Asked for revision of the application procedure, approved revision 

on January 19, 2012; call for applications was opened in February 
2012. 

•  Rules for BAGs and SPs were established 
•  3-4 calls per year, allowing comparative assessment, face/face 

meetings. Next call by the end of 2013. 
•  Proposals from 5 calls in 2012/13 have been evaluated 
•  Ongoing improvements on technical aspects of evaluation 

procedures, in collaboration with EMBL HH IT group. 
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Further questions? 

Ivana Custic, project manager 

biostructx@embl-hamburg.de 

www.biostructx.org 
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I3 Council Meeting, Hamburg, January 19-20, 2009 10/4/13 55 

Thank  You  


