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A major advance in protein structure determination has been the advent of nanolitre-scale crystallization
and (in a high-throughput environment) the development of robotic systems for storing and imaging
crystallization trials. Most of these trials are carried out in 96-well (or higher density) plates and manag-
ing them is a significant information management challenge. We describe xtalPiMS, a web-based appli-
cation for the management and monitoring of crystallization trials. xtalPiMS has a user-interface layer
based on the standards of the Protein Information Management System (PiMS) and a database layer
which links the crystallization trial images to the meta-data associated with a particular crystallization
trial. The user interface has been optimized for the efficient monitoring of high-throughput environments
with three different automated imagers and work to support a fourth imager is in progress, but it can
even be of use without robotics. The database can either be a PiMS database or a legacy database for
which a suitable mapping layer has been developed.
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1. Introduction

There have been rapid advances in the techniques of protein
production, crystal growth and structure determination, acceler-
ated in part by structural genomics and structural proteomics ini-
tiatives (for recent reviews and overviews of technology platforms
see Terwilliger et al., 2009; Weigelt, 2010; Chruszcz et al., 2010;
Elsliger et al., 2010; Xiao et al., 2010). A particular aim has been
to develop generic techniques which can be applied in parallel, in
miniature and on automated platforms. Nowhere have these ad-
vances been greater than for protein crystallization by vapor diffu-
sion, where nanolitre-scale pipetting technologies have allowed for
at least an order of magnitude reduction in the volume of sample
required per crystallization trial coupled with at least an order or
magnitude increase in the rate of creation of these trials (reviewed
in Berry et al., 2006). This allows many more crystallization trials
to be performed, giving a much better sampling of crystallization
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space and an increase in the number of successful crystallizations.
In laboratories with sufficient throughput, a concomitant need for
the robotic management of these crystallization trials has been
created: storing the trials under controlled conditions coupled
with a regular schedule of imaging sessions (also in a controlled
environment).

The information management problem associated with the cre-
ation of many thousands of crystallization trials is substantial. For
laboratories without imaging systems, researchers have to spend
long periods at microscope stations and develop more efficient
ways of recording the outcomes of trials. For laboratories with ac-
cess to imaging systems the scale of the problem is much greater,
but the scheduled recording of images electronically (e.g. as JPEG
images) makes it possible to develop management software. Man-
ufacturers of storage and imaging systems usually provide some
management software but this may not be suited to academic
environments for many reasons, including that

o the user interface may be designed for optimization of known
crystallization conditions rather than the discovery of new ones
(i.e. good for detailed analysis of a few drops rather than quickly
scanning many drops for the few good outcomes);
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o the software may not handle multiple users in a “crystallization
service” model with remote clients and accounting;

o the software may only run on the local control computer;

o the licensing terms or development decisions may restrict the
number of concurrent connections; and

o the software itself can be very expensive.

Electronic recording of laboratory information has many poten-
tial benefits, and some of these have been discussed elsewhere in
an article on the Protein Information Management System (PiMS;
Morris et al., 2011). However, as we point out, for low-throughput
work on the benchtop (where the benefits are often only felt in the
distant future or by other people) adoption of electronic informa-
tion management is still limited. It was noted that in certain areas
electronic recording of data is almost essential: for work that is (i)
miniaturized, (ii) parallelized and/or (iii) automated. Protein crys-
tallization is a case in point, exploiting all three approaches, and
thus is an excellent candidate for electronic information
management.

The Oxford Protein Production Facility (OPPF), established with
the support of the Medical Research Council (MRC) in 2001, has
been influential in developments in high-throughput crystalliza-
tion screening. During 2002, the OPPF commissioned a custom-
integration of a storage system (The Automation Partnership, Roy-
ston, UK) and an imaging station (Veeco-Optimag, San Diego, USA)
with capacity for 10,000 SBS-format 96-well plates (Walter et al.,
2003,2005; Brown et al., 2003) and developed the PHP-based in-
house Vault software for web-based management of these trials
(Mayo et al., 2005). In complete contrast to the tardy adoption of
wet-laboratory Laboratory Information Management Systems
(LIMS), there was an (almost) overnight switch to complete depen-
dence on this software across both the OPPF and the Division of
Structural Biology (STRUBI) in Oxford. Support was subsequently
added for the Oxford lab’s RI1000 and RI182 imagers (Formulatrix,
Waltham, USA), but the user interface was not developed and the
database schema remained closely aligned to the original storage
system. Other web-based viewing software has been developed
for crystallization facilities, e.g. the CRIMS application primarily
in use at EMBL sites (http://embl.fr/htxlab/). CRIMS is a PHP-based
application offering a hierarchical view of User — Plate — Thumb-
nails/Well Images but compared to the Vault software it lacks pro-
ject grouping, zooming, movie/timecourse modes and support for
automated analysis.

This article describes xtalPiMS, a web-based application for the
management and monitoring of crystallization trials. xtalPiMS has
a user-interface layer based on the standards of PiMS and a data-
base layer which links the crystallization trial images to the
meta-data associated with a particular crystallization trial. The
user interface has been optimized for the efficient monitoring of
high-throughput environments. However, it can also be used with-
out robotic imagers: at the Oxford lab an external digital camera
has already been linked into xtalPiMS using a customized TWAIN
driver to ensure systematic naming of images. The database can
either be an instance of a PiMS database or (as is the case at Ox-
ford) a legacy database for which a suitable mapping layer has
been developed. xtalPiMS is in service in Oxford, on the UK’s new
national protein production facility at the Rutherford-Appleton
Laboratory site (RAL; using Formulatrix imagers) and at the York
Structural Biology Laboratory (YSBL) to support its BioTom imager.
Having already been adapted to support three imagers, work is
now underway to support Rhombix (Thermo Scientific) systems
at the RAL site, Helsinki and Oulu (Finland) and a feasibility study
indicates that xtalPiMS could be integrated with the Minstrel (Rig-
aku) system. Our model is that xtalPiMS interfaces with the imager
databases only to read the crystallization trial meta-data into PiM-
Sdb and then independently scans the image repositories for new

imaging sessions. Thus, developers can integrate new imagers with
xtalPiMS in a matter of weeks since the dependence on imager
software is kept to a minimum and manufacturers have been will-
ing to share either database schemas or APIs, as appropriate.

2. Methods
2.1. Data models and databases

The PiMS LIMS is based on a sophisticated and complex data
model developed from the Protein Production Data Model
(PPDM; Pajon et al., 2005) and embodied in the PiMS database
(PiMSdb). However, this complexity is largely hidden from the
end user (Morris et al., 2011). The model is generalized enough
to cope with all eventualities of protein crystallization and a
requirement for xtalPiMS was for it to work with PiMSdb and
in a complementary manner to PiMS. Thus, PiMS and xtalPiMS
can be considered to be two views onto the same data store. In-
deed, since they share a common access control mechanism,
share many software components and can share the same data-
base, the user need not be aware that they are distinct. The deci-
sion to maintain separation was made primarily for developer,
administrator and user convenience.

With xtalPiMS development, however, there were additional
requirements. First, the software had to be potentially usable with
alternative databases, for example the large amount of data al-
ready stored in the Oxford crystallization database (PlateDB; Mayo
et al.,, 2005) or that of an equipment manufacturer. Second, xtalP-
iMS needs to have a flexible software interface to abstract and sup-
port different (and even multiple) imagers. Third, the large number
of crystallization images means that the images themselves are not
stored directly within the database, rather they are recorded to an
external image store and xtalPiMS has to detect the creation of
these image files and link them to the crystallization meta-data. Fi-
nally, xtalPiMS must allow users to browse very large numbers of
images quickly and ergonomically.

Database performance is a significant issue for xtalPiMS. The
requirement not to assume a standard way of working means that
PiMSdb is complex and much effort has been spent to optimize its
responsiveness for xtalPiMS. However, within one laboratory most
crystallization trials are very standardized. For example, the Plat-
eDB database retained simplicity by exploiting the Oxford standard
crystallization protocols: only one protein per 96-well plate and
sets of standard screens (Walter et al., 2003).

2.2. Implementation issues in the crystallization trial browser

The user experience of xtalPiMS is focused on one page, the
viewer for a single image of a crystallization trial (an example is
shown in Fig. 1). The features of this page from a user-perspective
are described in Section 3.2. However, the over-riding design goals
have been:

e to allow the user to browse conveniently and rapidly through
thousands of images in a single session;

e to offer efficient keyboard shortcuts for commonly used
functions;

o to display images as large as possible, and to allow easy zoom-
ing and repositioning of images;

e to allow the user easily to locate related images, such as from
previous imaging sessions or other plates containing the same
protein.

xtalPiMS achieves these goals with heavy dependence on AJAX
technologies to allow background fetching of crystallization
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