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State of the art protein crystallization is a numbers game: as
it is unlikely that the conditions under which any given
macromolecule will crystallize can be deduced a priori,
conditions must instead be found by experimentation.
Crystallization is a time-dependent trial and error sam-
pling of the extremely large space of possible crystalliza-
tion conditions: large number of conditions are tested, and
each experiment is observed (often by imaging) at several
time points. The ultimate goal is to have a consistent ma-
chine generated score for each image describing the out-
come and then to correlate image similarity with condition
similarity, building up an accurate picture of the phase dia-
gram for any system. This would enable conditions for
crystallization to be located, even if the initial set of experi-
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ments did not sample the appropriate set of experimental
conditions in the space of all possible conditions.

Currently, automation is used routinely to miniaturize
the experiments and to capture their results, but not to inter-
pret the results of the experiments. We are interested in dif-
ferent approaches to using machine learning to interpret the
results of crystallization experiments — what tools have al-
ready been developed, and how can they be best imple-
mented in a practical and timely way? We will discuss
progress of implementation, and compare and contrast ex-
isting approaches to automation of scoring. Finally, we
will discuss the steps we are taking to find relationships be-
tween the experimental conditions and the outcomes of
those experiments.

AUTOMATED SCORING OF CRYSTALLISATION EXPERIMENTS USING
MULTIPLE IMAGES
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Finding the conditions that will produce diffraction quality
crystals can require many crystallization experiments. The
use of robots has increased the number of experiments per-
formed in most laboratories and, in structural genomics
centres, tens of thousands of experiments can be produced
each day. Visual inspection is becoming increasingly im-
practical and automated imaging systems are now used
routinely to record the results of these experiments. Image
analysis software has been developed a number of research
groups [1-4] to provide scores, allowing the images from
crystallization trials to be examined in order of merit and
reducing the number that need to be examined by eye.
However, scoring individual images does not take advan-
tage of the fact that each experiment is assessed regularly

over a period of time. As each new image is produced, fur-
ther information about the experiment becomes available
and changes between images can be encoded as additional
features for classification. The more information that can
be obtained, the greater the likelihood of correct classifica-
tion and, in addition to analysis of the time-course images
as a sequence, the information gained from UV imaging is
considered. For example, although the drop in figure 1 is
casily identified in the greyscale gradient magnitudes, the
drop in figure 2 cannot be found. However, the additional
information from the UV image taken at the same time, al-
lows a mask to be found so that further processing is re-
stricted to the crystallisation drop.
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Figure 1. The greyscale gradient magnitudes (b) can be used to provide a mask for the crystallisation drop in (a).
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Figure 2. The lack of a defined boundary in (a) does not allow the drop to be identified by the gradient magnitudes (b). However, the
UV image provides additional information that can be used to mask the drop.
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Protein crystallization screening focuses on determining
the factors crucial for successful protein crystallization.
The protein crystallization may require large number of pa-
rameters to be considered for setting up of cocktails that
would yield suitable large crystals for X-ray data collection
[1, 2]. These parameters include types of reagents, ionic
strengths, types of salts, pH value of buffers, temperature,
etc. [3]. Our goal is to implement a genetic algorithm which
isolates combinations of reagents and concentrations that
have a higher degree of synergy and potentially offer better
crystalline outcome.

Combinations of reagents along with their concentra-
tions are mapped into binary coded strings called chromo-
somes (not to be confused with biological chromosomes).
Each chromosome represents a cocktail which is a certain
set of buffer, pH, salts, etc. The length of a chromosome de-
pends on the number of reagents we take into consideration
for a particular experiment. Using expert score from previ-
ously conducted experiments, we identify new conditions
generated by the algorithm in successive iterations. Unde-
sired conditions, such as those that are known to cause
phase separation and precipitates, are removed and favour-
able conditions are paired to produce the next generation of
conditions. The top ranked conditions produced by the al-
gorithm will be evaluated with respect to experiments
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conducted based on our associative experimental design
[4].

The advantage of using genetic algorithm for protein
crystallization screening lies in the ability of the algorithm
to handle large number of parameters in an uneven search
space environment. With this approach, we can employ se-
lective pairing of conditions (chromosomes), which could
be useful in identifying precipitant synergy for obtaining
crystals and antergy (pairs that produce no crystals) and
thus narrow down the screening process. The output condi-
tions generated by the algorithm will be evaluated using the
Bin — Recall Metric [4].
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In situ screening of crystallization trials continues to be a
topic of importance. In situ screening allows one to deter-
mine if the crystal-like object in a trial is salt, protein or
something else of interest. Furthermore, crystal quality can
be assessed before cryoprotection is attempted, providing a
means to better optimize this step. Finally, some crystals
are well-behaved enough that complete or nearly-complete
data sets can be collected in situ, eliminating the need for
harvesting and cryoportection altogether.

In this presentation we will show results from a newly
developed automated in sifu screening system designed
specifically to work with legacy Rigaku diffractometers,
extending their utility. The system is easy to install and
deinstall so one can go from collecting data on cryo-pro-
tected samples to in situ screening in minutes. The system
uses the same software as the Rigaku Oxford Diffraction
PXScanner, CrystalEyes, making the transition between
dedicated and part time systems easy.
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