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Who am I?

Initial training
- M.S. degree from the ECP (mechanics, electrotechnics,...), major: Accelerators
and High Energy Physics
- M.S. degree in Chemistry - Physics (Paris VI University, France)
- Ph.D. degree in Physics (Paris XI University, France): "Study of the non linear 
dynamic of the Free Electron Laser spectrum in the Compton regime"

Experience
- construction of beamline D2AM at the ESRF
- construction of beamline FIP at the ESRF
- 2-year at the Salk Institute, USA (structure of CHS, STS, TAA1, ...)

Present situation
- head of the Synchrotron Group at the “Institut de Biologie Structurale” (Grenoble) 
- head of beamline FIP-BM30A at the ESRF



Crystal handling

Flash-frozen crystals

Room temperature

High pressure



Data collection strategy

Classes of error in MX
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Fine Slicing

Pflugrath, J. W. (1999)."The finer things in X-ray diffraction data collection", Acta Cryst. D 55, 1718-1725. 

(J. Holton, ALS)

Beam flicker/Shutter jitter/Xtal vibration
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- reduce flux and 
increase exposure

OR: 
- vibrate at frequencies 
different from experiment

- average over it



1910    1920    1930    1940    1950    1960    1970    1980    1990    2000    2010

Data processing

�Indexing (finding the unit cell, orientation & 
space group)

�Integrating (determining the intensities of 
each spot)

�Merging (scaling data, averaging data & 
determining data quality)

�Calculating structure factor amplitudes from 
merged intensities



(Tim Grüne, Gottingen)
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Key for overlap, weak reflections
Can lead to negative intensity (not an issue)



(Tim Grüne, Gottingen)

(Tim Grüne, Gottingen)

xdsconv converts scaled data file to other formats

COLSPOT locates strong diffraction spots and saves their centroids

XDS



Diffraction Data
Sequence

Initial Phases

Quality Control

Refinement

Validation

Phase Combination

Model Building

The steps to solve the macromolecular 
crystal structure

� Molecular Replacement Method (MR)
� Isomorphs Replacement Method (MIR, SIR)
� Anomalous Dispersion Method (MAD, SAD, SIRAS)
� Direct Method
� Other Methods

Phasing Methods in Macromolecular Crystallography

To get from the diffraction pattern to the electron density, you 
have to use a Fourier Transform.

Fourier Transform



Phases critically impact model quality

(Univ. North Carolina)

The calculation involves a 6 dimensional search over all possible 
orientations and translations (EPMR, Genetic Algorithm). 

This calculation is generally too time consuming to perform in full, so 
it is usually split into two parts:

– A 3 dimensional search over all possible orientations to determine 
the orientation of the model.

– A 3 dimensional search over all possible translations to determine 
the position of the orientated model.

MR



F(h) = ΣΣΣΣj fj
. exp (2πih•rj)

fj = fº
j(θ) + f’j (λ) + i.f”j (λ)

Anomalous correction f” is proportional to
absorption and fluorescence and f’ is its derivative

The anomalous signal

in effect 
|FT(h)| ≠ |FT(-h)|

ϕT(h) ≠ -ϕT(-h)

Anomalous correction f”
causes the positive
shift of phase of both

F(h)  and  F(-h)

Phasing with anomalous signal

The phase probability is
symmetric around ϕSAD

has two maxima

inflection f’ = -10.5   f” = 2.5
peak f’ =  -4.0   f” = 8.0
remote f’ =  -0.5   f” = 4.5

(Se K edge)

Analytical MAD approach
(Karle & Hendrickson)

FT(±)2 = FT
2 +   a(λ) . FA

2

+   b(λ) . FT
. FA 

. cos (ϕT - ϕA)
± c(λ) . FT 

. FA 
. sin (ϕT - ϕA)

a(λ) = (f’2 + f”2)/fo2

b(λ) = 2.f’/fo

c(λ) = 2.f”/fo

Three unknowns: FT, FA and (ϕT - ϕA):
system can be solved



Model Building: Steps in making the 
first trace in electron density map

- Generating Ca chain trace
- recognize secondary structures
- Identifying chain direction
- sequence assignment
- add water molecules, etc...

�The sulfur or Se-methionines are the perfect  starting 
point for the sequence fitting if the map is from sulfur SAS 
or Se-MAD phases.

�Tryptophan is so much larger than all the other amino 
acids it can often be recognized.

�Hydrophilic side chains are often disordered.

�A correct fitting should be easily extended in both 
directions.

Structure Validation and Deposition
Generate symmetry related molecules.  
(contacts >= Van der Waals packing distance)

Missing density is much better than extra density

The model should make chemical sense

Residues identified as being in the active site: 
are they close together in the model?

The stereochemical parameters such as bond length, bond angle etc, 
should within the standard deviation from their ideal values  

The Ramachandran Plot should be normal

==> WHATCHECK, MOLPROBITY, ...
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M. Weik, ESRF Users Meeting, 2014

Room temperature crystallography
Flash cooling of protein crystals 
- biases structural collective motions in protein crystals;
- remodels the conformation of > 35% of side chains;
- eliminates packing defects necessary for functional motions;
- induces bias toward smaller, overpacked, and unrealistically 

unique models. 

Instead, room-temperature X-ray crystallography experiments, 
such as the in situ experiments, helps in revealing 

- motions crucial for catalysis, 
- ligand binding, 
- allosteric regulation.

In the signaling switch protein, H-Ras, 
an allosteric network consistent with 

fluctuations detected in solution by NMR 
was uncovered in the room-temperature, 

but not the cryogenic, electron-density maps 
(Fraser et al., PNAS, 2011 (108), 16247-52).



M. Weik, ESRF Users Meeting, 2014

Same condition reproduced all over the plate
Or multiple crystals in capilaries

Data collection on selected crystals

Automated clustering of data set + merging:
Similar cell param. (BLEND) or CC

« ensemble » refinement (Phenix)

Data collection at RT



E.E. Fry, J.S. Ren, A. Kotecha, T.S. Walter, C. Por ta, D.I. Stuart, 
The Wellcome Trust Centre for Human Genetics, Unive rsity of Oxford (UK),
D.J. Rowlands, Institute of Molecular and Cellular Biology, University of Leeds (UK) and
Gwyndaf Evans, Robin Owen, Danny Axford, Jun Ashima , I24, Diamond Light Source (UK)

Data collected at DLS, I24
Beam size 20 microns, focus at detector 
(P6M)
exposure time 0.1 sec, 0.1º oscillation,
detector distance = 480 & 645 mm,
resolution at edge of detector 2.28 & 2.97 Å

Bovine enterovirus 2
Crystallization plate screening on I24

E.E. Fry, J.S. Ren, A. Kotecha, T.S. Walter, C. Por ta, D.I. Stuart, 
The Wellcome Trust Centre for Human Genetics, Unive rsity of Oxford (UK),

D.J. Rowlands, Institute of Molecular and Cellular Biology, University of Leeds (UK) and
Gwyndaf Evans, Robin Owen, Danny Axford, Jun Ashima , I24, Diamond Light Source (UK)

2.2 Å resolution 
R= 0.18, Rfree = 0.19

A new virus structure: Bovine enterovirus 2
Crystallization plate screening on I24 (DLS)


