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Objectives

� Adapt methods from material sciences to macromolecular crystallography

� Test the feasibility of the new methods for MX to combat radiation damage

� HOWTO: Take multiple crystals (2, 3, ... n) in a single loop and collect data 

– oriented randomly

� Index the diffraction pattern and utilize the information from all the crystals



Usual:  Collect single crystal dataset for 100°

Proposed: collect 20°of data from 5 different 
crystals simultaneously and combine them

20°× 5 crystals = 100°

Advantages: 

� All the 5 crystals are at the beginning  of 
decay

� Lower absorbed dose per crystal
� Higher quality data
� Metal centers, active site preserved
� Extract correct biological information

Radiation damage in crystallography even at 100 K

Why ? Specific structural damage

φ rotation



�Micro crystals used in structure solution.

�Minimize crystal handling (less mechanical damage)�

�Alleviate radiation damage problems

Potential applications of multiple crystal diffraction



Spot overlap: From material science to MX

Resolution: 2.5 Å



Diffraction patterns with 1, 2, 3 and 4 crystals of lysozyme (top) 
and insulin (bottom), ∆φ = 0.5º

Simulations of diffraction patterns (with PolyXSim) �

Lysozyme
(unit cell volume: 228158 Å3) �

Insulin
(unit cell volume:472729 Å3) �



Overlap fraction with multiple crystals

Dotted lines → Lysozyme
Solid lines → Insulin



Overview of the methodology
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Experiments: Multiple crystals in X-ray beam

∆φ: 0.5°

Data of crystals from
lysozyme and insulin
collected at ESRF 
(ID 14-4)�



Data collection statistics



• Search for peaks above a certain 
threshold and construct an array 

• Indexing with Grainspotter

• OUTPUT: orientation of each 
crystal in the ensemble

• The orientation of each crystal 
lattice is provided to MOSFLM 
by means of the U (orientation) 
matrix

• Two crystal lysozyme

• Red and green indicate the two 
lattices

Data reduction in practice

www.totalcryst.dk



Four crystal lysozyme dataset



Four crystal lysozyme dataset



Number of reflections per crystal for lysozyme 7 crystal ensemble

Number of reflections per crystal for insulin 2 crystal ensemble



Number of reflections per crystal for insulin 4 crystal ensemble

Owing to poor 

diffraction data

could not

be integrated for

this crystal



Compare individual and merged datasets: Insulin 4 crystals

�To determine whether improvement in data could be obtained by 
merging data from different crystals

�The individual datasets contain more information for ranges 
studied in spite of random orientation of the different crystals

A fourth crystal was identified but diffracted poorly

~14 %

~1 %



Integration of insulin 3 crystals (separately 1º to 180º) �



Statistics for 3 crystals from the lysozyme 4 crystals ensemble

Lysozyme: 78.3 78.3 36.9 90°90°90°



Statistics for 3 crystals from the Insulin 3 crystals ensemble



Crystal 3 probably damaged at exposure 200



Compare total and merged datasets: Insulin 3 crystals

Х 3 crystals



HEWL 7 crystals analysis

Lysozyme: 78.3 78.3 36.9 90°90°90°

All seven crystals

were uniquely

identified but only

four of them could

be integrated



Refinement statistics

Low resolution limit   55.73     55.73      2.00
High resolution limit  1.90      6.00      1.90

R-merge                0.100     0.043     0.291
R-meas                 0.107     0.046     0.312
Observations
Total                  65257      2149      9473
unique                  8598       303      1261
Mean((I)/sd(I)          19.9      40.6       9.3
Completeness            89.5      83.5      91.4
Multiplicity             7.6       7.1       7.5

20 cycles minimization using REFMAC5 (no waters):

cell 78.8 78.8 36.9 
space group           P4

3
2

1
2

solvent content       38 %
No. of protein atoms  1001 (129 residues) �
B-factor 9.4 Å2
R-factor/R-free 24.4/29.8
rmsd bond lengths 0.02 Å

angles      1.7 °



Structure determination of Lysozyme using 2/4 crystals (2 x45°) �
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Structure determination of Lysozyme using 2/4 crystals (2 x45°) �
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Summary – X-ray studies on multiple crystals

� Simulations show spot overlap is not huge problem; due to random overlaps 

and not systematic overlap

� Data were collected with multiple single crystals in a single loop

� Possible to index unknown lattice but collecting few exposures with only one 

crystal or select an exposure with one strong lattice

� Extraction of data from all the different crystals achieved

� Since different orientations lose different spots - the completeness falls up to 

about 14 % (in the range studied)�

� The combination of data from multiple crystals compensates for the loss of 

redundancy owing to rejected spots

� Structure solution from multiple crystals of Lysozyme (and Insulin)�

� FUTURE PROSPECTS:  Practical application of this methodology to data 

from micro-crystals obtained from a protein with unknown structure
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