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UN General Assembly, GA/11262, 3 July 2012
Resolution 66/284

submitted by Morocco, approved unanimously

2014 is proclaimed International 
Year of Crystallography 

• Recognizing that humankind’s 
understanding of the material nature of our 
world is grounded, in particular, in our 
knowledge of crystallography;

• Stressing that education about and the 
application of crystallography are critical in 
addressing challenges such as diseases and 
environmental problems, as well as solutions 
for plant and soil contamination;

• Considering that the impact of 
crystallography is present everywhere in our 
daily lives;

• Considering also the significance of the 
scientific achievements of crystallography, as 
illustrated by twenty-three Nobel Prizes 
awarded in the area, and that 
crystallography is still fertile ground for new 
and promising fundamental research; 

• Considering further that 2014 marks 
the centenary of the beginning of 
modern crystallography and its 
identification as the most powerful 
tool for structure determination of 
matter, 

• Being aware that 2014 provides an 
opportunity to promote international 
collaboration as part of the sixty-fifth 
anniversary of the founding of the 
International Union of 
Crystallography; 

• Noting the broader welcome by the 
crystallographic community worldwide 
of the idea of 2014 being designated 
as the International Year of 
Crystallography

Ò IYCr2014



Crystallography 
in

modern life

• “Crystallography also has an important place as we work 
for inclusive sustainable development – policies that are 
good for people and the planet” 
Ban Ki-Moon, UN Secretary-General • IYCr 2014 Opening Ceremony 

• Crystallography has an important role within the topic of the 
sustainability of Life.

• It is an essential analytic tool in academia and industry.

• In health sciences, structure-based drug design is now 
employed.

• In energy research hydrogen storage is addressed also using 
3D atomic structures.

2014 is proclaimed International 
Year of Crystallography 



Examples of crystallography in the life 
sciences 

Based on IUCr website 11 September 2014



vitamin B12 (cobalamin)

penicillin

insulin

"The Nobel Prize in Chemistry 1964". Nobelprize.org. Nobel Media AB 2014. Web. 22 Oct 2014. <http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1964/>

Dorothy Hodgkin (1910-1994): 
still a major inspiration today



Structures large and small

Cambridge Structural Database
686944 structures at 6 January 2014

Protein Data Bank
104371 structures at 23 October 2014



Interactions between large and small

Lamotrigine
(500,000th structure in CCDC)
• Anti-epileptic drug
• Acts at voltage-sensitive sodium channels to 

stabilize neuronal membranes and inhibit the 
release of excitatory amino acid 
neurotransmitters

• Relatively little binding to plasma proteins –
relatively low toxicity

• Binding to melanin may have long-term 
ophthalmologic implications



Chemicals in the environment

• Life under 'normal' and extreme conditions 
can be reliably compared; hot springs, high 
saline and extreme cold examples of protein 
crystal structures have been determined. 

• It is a natural next step to understand the 
effects of pollution.

Discrete nitrate binding to a protein surface 



Chemicals in the environment

Not exactly life at high temperatures…!

Cianci, M., Rizkallah, P., Olczak, A., Raftery, J., Chayen, N., Zagalsky, P. & Helliwell, J. (2002). The 
molecular basis of the coloration mechanism in lobster shell: β-crustacyanin at 3.2-Å resolution. 
Proc. Natl Acad. Sci. USA, 99, 9795-9800

Life on Earth exists in a fairly restricted temperature range!



The European Synchrotron Radiation Facility (ESRF) in Grenoble, in which the UK has a 14% 
share, and the Institut Laue Langevin nuclear reactor is to the right (UK share 25-33%)

Institut Laue Langevin: 
Neutron source

ESRF: premier 
X-ray source

More, bigger, better…

John Helliwell has Chaired the ESRF Science Advisory Committee (SAC)  
and the Biological Crystallography Neutron Beam Committee;
He currently Chairs the Spanish Synchrotron SAC.

World leading 



Rhinovirus oscillation photographic film exposure recorded at the Cornell SR source (courtesy Prof.
M. G. Rossmann Purdue U., USA). These congested virus crystal patterns posed special challenges 
for detector developers.

… delivers more, better results



Professor M. G. Rossmann, USA
In 1985, he became the first scientist to  build 
a model of human rhinovirus-14, HRV-14,  one 
of about 100 known cold virus strains. This 
was amongst the first group of virus crystal 
structures solved, and opened up studies of 
the most technically challenging projects. 



Virus 3-D structures

Human rhinovirus 14
Michael Rossmann, USA

FMDV Mengo Virus HRV 14

Comparing virus surfaces



X-rays; Scattered from electrons

proportional to Z (red). Neutrons; 

scattered from nuclei  & evenly 

across all elements (green)

H B C O Al Si P Ti D

1 5 6 8 13 14 15 22 1

-37.4 53.0          66.5          58.0 34.5           41.5 51.3 -34.4          66.7

X-rays and neutrons

Large difference in the neutron cross-section among 

isotopes

Neutron diffraction can be used to directly determine the 

positions of H-isotopes at medium resolutions (~2.5 Ǻ)

!

!



Neutron and X-ray crystallography of proteins

Slide prepared by Matthew. P. Blakeley, Institut Laue Langevin, 
Grenoble

X-ray electron density in orange; 
Neutron nuclear density in blue (note the deuteriums are now visible)

As an example 
a histidine amino 
acid in a protein



What has this all to do with “data”?

• Structural models, stored in curated databases, 
have immense value for comparative studies, 
new compound discovery etc.

• Experimental data, stored as reduced and 
processed data sets, are invaluable for validating 
models and re-refinement of structures

• Raw experimental data has the potential for 
unleashing new methods and new science



"The Nobel Prize in Physics 1915". Nobelprize.org. Nobel Media AB 2014. Web. 22 Oct 2014. <http://www.nobelprize.org/nobel_prizes/physics/laureates/1915/>

W. L. Bragg. The Structure of Some Crystals as Indicated by 
Their Diffraction of X-rays. Proc. R. Soc A, 1913 89: 248-277.



Key terminology – raw data

• 1913 • 2013

Bragg, W. L. (1913). The Structure of Some Crystals as Indicated by 
their Diffraction of X-rays. Proc. R. Soc. London Ser. A, 89, 248-277.

Tanley, S. W. M., Schreurs, A. M. M., Helliwell, J. R. & Kroon-
Batenburg, L. M. J. (2013). Experience with exchange and 
archiving of raw data: comparison of data from two 
diffractometers and four software packages on a series of 
lysozyme crystals. J. Appl. Cryst. 46, 108-119.



Key terminology – processed data

• 1913 • 2002

The upper figure is from the Braggs’ notebook, 
showing observed angular locations of diffracted 
beams from different crystal planes, and their 
calculate values. The lower figure is a similar 
published tabulation from the 1915 book X-rays 
and Crystal Structure.



Key terminology – derived data

• 1929

Water Ice
Barnes, W. H. (1929). The Crystal Structure 
of Ice between 0⁰ C and -183 ⁰ C. Proc. R. 
Soc. London A 125, 670-693.

• 1965

Lysozyme
Blake,  C. C., Koenig, D. F., Mair, G. A., North, 
A. C., Phillips, D. C. & Sarma, V. R. Structure of 
hen egg-white lysozyme. A three-dimensional 
Fourier synthesis at 2 Ångstrom resolution. 
Nature 206, 757-761. [Figure from Chapter 
25.1 of International Tables for 
Crystallography Volume F. Crystallography of 
biological macromolecules]

• 2014

A penicillamine hydrate
Yoshinari, N. & Konno, T. (2014). 
Crystal structure of S,N-dibenzyl-D-
penicillamine monohydrate. Acta
Cryst. E70, o1209



Benefits of retaining derived data

• Scientific record

• Database-driven discovery

• Protein-ligand 
interactions

• New pathways to 
synthesis, manufacturing, 
energetics…

• Identification/indexing 
(e.g. forensic science)



Derived data archived in CIF format



Benefits of retaining processed data

• Structure validation

• Re-refinement

• Systematic bias, 
methods development

• Guard against structures 
associated with 
incorrect data sets



Processed data archived in CIF format



Benefits of retaining raw data

• Structure validation

• Re-refinement

• Systematic bias, 
methods development

• Guard against structures 
associated with 
incorrect data sets



Raw data archived in CIF format



Data flow in crystallography

Experiment
(synchrotron 
or laboratory)

Structure 
solution and 
refinement
(laboratory)

IUCr
journals

Other 
journals

Chemistry 
databases
(CCDC)

Biological 
structure 
databases
(PDB)

Data 
reduction

Raw experimental data
Reduced/processed data
Derived data 

retained by scientist

archived at facility (~6 months)

deposited

published/disseminated

validated



Modern data flows in biological 
crystallography are extreme>>>>



Biological Crystallography 
Labs at Synchrotron 
Radiation Sources; 

data flows have 
increased dramatically 

since the 1980s 
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Modern data flows in biological 
crystallography are extreme

Would keeping all these raw data be “worth the 
pain”?

A group of 4 recent articles in Acta
Crystallographica Section D: Biological 

Crystallography explains why keeping raw data is 
a natural next step for crystallography ….



Acta Crystallographica Section D: Biological Crystallography
Volume 70, Part 10 (October 2014): special section on

Diffraction Data Deposition

• Terwilliger, T. C. (2014). Archiving raw crystallographic data. Acta Cryst. D70, 
2500-2501 (Editorial)

• Kroon-Batenburg, L. M. J. & Helliwell, J. R. (2014). Experiences with making 
diffraction image data available: what metadata do we need to archive?
Acta Cryst. D70, 2502-2509

• Meyer, G. R., Aragao, D., Mudie, N. J., Caradoc-Davies, T. T., McGowan, S., 
Bertling, P. J., Groenewegen, D., Quenette, S. M., Bond, C. S., Buckle, A. M. & 
Androulakis, S. (2014). Operation of the Australian Store.Synchrotron for 
macromolecular crystallography. Acta Cryst. D70, 2510-2519.

• Guss, J. M. & McMahon, B. (2014). How to make deposition of images a 
reality. Acta Cryst. D70, 2520-2532

• Terwilliger, T. C. & Bricogne, G. (2014). Continuous mutual improvement of 
macromolecular structure models in the PDB and of X-ray crystallographic 
software: the dual role of deposited experimental data. Acta Cryst. D70, 
2533-2543



Raw diffraction images offer the 
opportunity of:-

• analysing data at higher resolution than used in 
the original work 

• serving as benchmarks in developing improved 
methods of analysis

• checking the interpretation of the symmetries of 
the crystals

• analysing diffraction from multiple lattices 
present in the crystals 

• analysing the diffuse scattering that reflects 
correlated motions or disorder of atoms in the 
crystals



Thank you


