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1. Summary of the impact (indicative maximum 100 words)

A major bottleneck in drug design and structural biology is the production of high-quality protein
crystals, from which their molecular structure can be determined by protein crystallography.
Robotic systems used by pharmaceutical companies can perform tens of thousands of
crystallisation experiments per day, but manual analysis of the resulting images is monotonous,
expensive and error-prone. Wilson’s group has pioneered automated image analysis for protein
crystallography experiments, culminating in the MARCO (MAchine Recognition

of Crystallization Outcomes) method which classifies experimental outcomes with 94%
accuracy. MARCO has been incorporated into the information management software of the
leading crystallisation robotics manufacturer, Formulatrix, and is now used by global
pharmaceutical companies in studies to determine the interactions between proteins and
potential drug molecules, saving both time and scarce purified proteins.

2. Underpinning research (indicative maximum 500 words)

Pharmaceutical companies and structural genomics centres routinely use robotics to perform the
many experiments required to determine suitable conditions for protein crystallisation. Originally,
the results in microlitre droplets were reviewed by human scorers using microscopes, but by the
early 2000s automated imaging systems allowed experimental results to be scored on screen.
However, visual processing is slow, expensive and prone to error, with inconsistency and
idiosyncrasy on the part of crystallographers. Wilson’s group has applied statistical pattern
recognition techniques of increasing sophistication to show that features extracted from the
images can be associated with particular experimental results, producing reliable and consistent
classifications.

Wilson’s 2002 paper [R1] was one of the first attempts at automatic classification of images from
crystallisation experiments, reducing or eliminating human intervention. Her initial work classified
individual objects within the droplet of solution in which crystallisation

conditions are tested, combining the results to classify the image [R1]. Labelled examples are
required for training the classification models, so this approach requires significant effort to
produce the training data and later work therefore focused on analysis of the droplet as a whole.
In [R2], texture features were extracted using a two-dimensional Fourier transform. The
intensities in the Fourier-transformed images were modelled by a power law with parameters
determined for different spatial frequency ranges. In addition to these model parameters,
statistical measures obtained from deviations from the fitted models were used to provide
characteristic variables for classification. The information acquired in the frequency domain was
complemented by features extracted from correlations between different scales of a wavelet
transform. In a novel application of wavelet decomposition, the distribution of wavelet coefficient
values in each sub-band image was modelled with a generalized Gaussian distribution to
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provide discriminatory variables, and these were then combined with second-order statistics
obtained from joint probability distributions across different wavelet scales to classify the images
[R3]. This work was carried out in collaboration with the Oxford Protein Production Facility
(OPPF), who integrated the software into their crystallisation pipeline. OPPF used the software
to rank experimental results for human inspection, drastically reducing the number of
experiments that needed to be visually assessed. Although accuracy was improved by
combining multiple classifiers [R4], the limited training set and dependence on the particular
imaging system used meant that the software was not widely applicable.

Much more recently, there has been a major breakthrough. The MARCO (MAchine Recognition
of Crystallization Outcomes) project is a collaboration involving Google data scientists, major
pharmaceutical companies and structural genomics centres, providing a database of over half a
million images. Building on Wilson’s ideas and combining state-of-the-art machine learning
algorithms with a huge data set for training, it has achieved > 94% correct classification on test-
set images from multiple imaging platforms [R5]. This is a major step forward both in reliability
and portability, avoiding tailoring to specific imaging systems.

In addition, Wilson is pursuing other aspects of the crystallisation optimisation problem. The pH
of an experiment is an important parameter and various buffers are used to maintain a specific
pH. It is common practice to search the Protein Data Bank (PDB; http://www.rcsb.org) for
conditions in which similar proteins were crystallised, but the pH of the experiment is usually
recorded as that of the buffer solution and can be highly inaccurate. In collaboration with the
Bio21 Collaborative Crystallisation Centre (C3) in Australia, Wilson has shown that a better
estimate of the true pH can be predicted by modelling the effects of other chemicals in the
crystallization solution [R6].
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4. Details of the impact (indicative maximum 750 words)

Pharmaceutical companies aspire to automate the entire molecular structure elucidation
process, from protein expression and purification to structure solution. Molecular structure
determination allows interactions between target molecules and potential drugs to be understood
and is both a critical step and a major bottleneck in drug discovery and development.
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Streamlined methods for obtaining X-ray crystallographic structures — the gold standard of
molecular structural analysis — are therefore of vital importance to the pharmaceutical industry. A
central requirement is to identify optimal conditions for crystal formation. Automated analysis
allows enhanced reproducibility, better quality control and continuous improvement of
experiments to optimise crystallisation conditions. A typical crystallisation experiment involves
the screening of 768 variants of a given sample in different conditions (temperature, pH and
combinations of different additive chemicals). Fewer than 5% of crystallisation attempts produce
useful results, with a success rate as low as 0.2% in some contexts. Pharmaceutical companies
compensate for the low success rate by sampling chemical space with a throughput of up to
1000 individual experiments per hour, using automated imaging systems to record the results
[E1]. Accurate automated image analysis is essential to manage the myriad of experimental
results; the critical importance of this task can be seen from the participation of global
pharmaceutical companies GlaxoSmithKline, Merck and Bristol-Myers Squibb in the MARCO
project [E2, E3]. Building on research by Wilson’s group, the MARCO classifier provides
automated image analysis that can be used with different imaging systems, with varying
resolution and fields of view, from different experimental set-ups (e.g. microbatch under oil and
hanging drop). The impact of Wilson’s work, both directly and through MARCO, is illustrated by
the following examples.

AstraZeneca has a world-leading industrial crystallography group that has implemented its own
classification system in collaboration with Wilson. The team leader in Data Science and Imaging
at AstraZeneca said “The research... by Prof Wilson and colleagues directly led to the
implementation of the method within AstraZeneca for routine crystal screening. This reduces
subjectivity and increases throughput, saving both time and money and accelerating the drug
discovery process” [E4]. The reliable results obtained via automated image analysis provide data
on both successful and unsuccessful experiments, allowing data mining approaches to relate
conditions to properties of the protein that are known or can be measured (e.g. molecular
weight, amino acid sequence, pl, etc.) before crystallisation trials begin. AstraZeneca have
designated a “searchable, explorable, and inferable” AstraZeneca Crystal Atlas as a core
research focus [E4].

The Bio21 Collaborative Crystallisation Centre (C3) at the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) has implemented a MARCO pipeline and now has
~10 million MARCO scored images [E5]. The Facility Manager at C3 says that users of the C3
crystallisation service [E6] “find MARCO scores really useful”, saving “an astonishing amount of
time” and that C3 “are finding MARCO gives a much more accurate description of the outcomes
than humans do. This speeds up the optimisation process allowing diffraction quality crystals to
be obtained in fewer experiments” [E5]. Furthermore, C3 are now building a database with
“consistent scoring for all of the droplets ever set up in C3” — this consistency being essential for
data-mining which will “inform future crystallization strategies, including novel chemical screens
and mutagenesis programs” [E5].

Formulatrix are a US based company providing highly specialised robotics and software to
manage the entire protein crystallization process, from design and dispensing of chemicals to
image viewing and analysis. The MARCO scoring algorithm is incorporated into the Formulatrix
ROCK MAKER® Laboratory Information Management System (LIMS), version 3.15, and is a
notable selling point for the product, highlighted on the product’s webpage [E7]. The ROCK
MAKER Software update 3.15 promotes the MARCO functionality as “saving you time and
removing the guesswork from scoring images” [E7]. Formulatrix are the market leaders,
supplying software and robotics for automating protein crystallization to leading pharmaceutical
companies and academic research institutions around the world. The Product Manager and
Application Scientist at Formulatrix confirmed that ROCK MAKER 3.15 incorporating the
MARCO software is now being used by the pharmaceutical industry. He stated that “MARCO is
now an important feature of our software and ... may well represent an important turning point
for our company” [ES8].
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MARCO usage has rapidly become standard for major pharmaceutical companies. For example,
an Associate Principal Scientist at Merck said “we are using MARCO. It’s kind of routine now, so
that you don’t have to check whole crystallisation plates, but pick the drops with crystals”, while a
Senior Scientist and Preclinical Program Manager at GlaxoSmithKline confirmed that GSK is
using MARCO via ROCK MAKER 3.15 [E9].

In summary Wilson’s work has led to the development of systems now used routinely by major
pharmaceutical companies to accelerate a critical step in the drug discovery and development
pipeline, increasing accuracy, saving time and resources, and with prospects to play an
important role in forming future crystallisation strategies.
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