
PROTE IN  CRY STALLOGRAPHY  AND  THE  
AUSTRAL IAN  S YNCHROTRON

Introduction
Macromolecular crystallography is the structure 

determination by X-ray diffraction methods using 
crystals of macromolecules such as proteins, 
glycoproteins, carbohydrates, nucleic acids or complexes 
of these macromolecules. Macromolecular 
crystallography is most often referred to as protein 
crystallography (PX) because most research is carried out 
on this family of biological macromolecules. For 
convenience, if not for correctness, the term 'protein' is 
used throughout to represent the macromolecule of 
interest in these experiments. Other experimental 
methods such as NMR and electron microscopy can also 
be used to determine the molecular structures of 
biological molecules, but PX represents the most 
successful method with ~85% of ~29,000 structures 
determined by this method. PX is especially powerful for 
determining macromolecular structures with more than 
one chain or more than 100 residues (~95% of ~15,000 
and ~23,000 structures, respectively, RCSB Protein Data 
Bank, Dec 2004 (1)).

The determination of a macromolecular structure by PX 
requires several steps, shown schematically in Fig. 1. The 
protein of interest must be produced and purified for the 
PX experiment. Molecular biology, represented in the 
figure by the DNA double helix, is the method of choice, 
though some structures have been determined using 
chemically synthesised protein or protein isolated from 
naturally abundant sources. Purification, represented by 
an SDS-PAGE gel, shows that successive purification 
steps enrich the protein till it is essentially homogeneous. 
Crystallisation, represented by an image of a protein 
crystal, is usually brought about by controlled 
supersaturation of the protein, the most popular method 
being vapour diffusion. Identifying conditions that 
crystallise the protein often requires screening hundreds 
of combinations of buffers, precipitants and additives. 
The development of crystallisation robots and chips (2) 
has reduced the amount of protein required for these 
trials, so that more conditions can be screened in less time.

The PX Experiment
The fundamental PX experiment is the measurement of 

X-ray diffraction data from a crystal of the 
macromolecule, represented in Fig. 1 by a part of a 
protein crystal diffraction pattern. Accurate 
measurement of the intensity of many thousands of 
reflections provides the raw data of the diffraction 
experiment. Cryocrystallography − the measurement of 

diffraction data from frozen crystals (3, 4) − minimises 
radiation damage during data measurement and also 
facilitates the transport of crystals between the home 
laboratory and a synchrotron source (Fig. 2). High 
intensity X-rays such as those produced at synchrotrons, 
enable measurement of diffraction data from the smallest 
crystals. In addition, new sample-changer (crystal 
handling) robots allow the rapid screening of frozen 
crystals to identify the best diffracting and highest 
resolution crystals for highest quality data measurement. 

The Phase Problem
The next step in the PX cycle is calculation of the 

electron density of the macromolecule in the crystal, Fig. 
1. This step requires that information about both the 
amplitude and phase of each reflection is known, though 
only the amplitude information is directly obtained from 
the X-ray diffraction experiment. This so-called 'phase 
problem' of crystallography (5) means that the essential 
phase information for each reflection must be estimated 
in some way. Until ~10 years ago, determination of most 
protein crystal structures required production and X-ray 
diffraction data measurement for several heavy atom 
derivatives of the protein crystal, a time-consuming and 
sometimes crystal- and soul-destroying process. More 
recently, the multi-wavelength anomalous diffraction 
(MAD) method has become the method of choice for 
phase estimation for two important reasons. First, the 
heavy metal can be introduced at the molecular biology 
step − for example, by replacing methionines in a protein 
with selenomethionine (SeMet) − so that precious 
crystals do not need to be destroyed in the search for 
suitable heavy atom derivatives. Second, instead of 
measuring data from several different heavy atom 
derivatives to provide the best phase estimates, data 
from a single SeMet protein crystal are measured at 
several X-ray wavelengths to provide the necessary 
phase estimates. In essence, using the MAD method to 
solve a protein crystal structure requires just one suitably 
diffracting SeMet derivatised crystal, and access to a 
tunable X-ray source, that is, a synchrotron.

The Final Step… ?
Building the structure of the protein into the electron 

density map and refining the structure against geometric 
terms and X-ray diffraction data is the final step in the 
PX cycle, and this step has also been accelerated by 
recent developments. These include automated model 
building and refinement programs and the availability of 
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faster and cheaper graphics hardware. Naturally, the 
newly determined structure of a protein serves as the 
starting point for many other research investigations 
including structure-function studies, macromolecular 
interactions, macromolecular evolution and structure-
based design. Furthermore, structure determination of 
the protein means that subsequent PX cycles − for 
example, to investigate  the structures of protein-ligand 
complexes or protein mutants − are also accelerated since 
phases can be easily estimated by molecular replacement 
and difference Fourier methods.

Synchrotron Radiation and PX
Together, the recent developments at each step of the 

PX cycle have meant that it is now possible to solve new 
protein structures even before the X-ray diffraction data 
is completely measured. Despite these advances, there 
still remain two critical points in the cycle that can make 

or break PX research. The first is the production of a 
suitably diffracting crystal with which to solve the 
structure. The second is the calculation of interpretable 
electron density for structure building, by phase 
estimation. As described above, synchrotron radiation 
plays a crucial role at both these points, by enabling 
measurement of data from the smallest crystalline 
samples and by allowing wavelength selection MAD 
structure determination. High throughput PX (as applied 
to structural genomics or structural proteomics projects, 
for example) relies heavily on the MAD method for 
structure determination, and thus represents a major use 
of PX synchrotron radiation (6-8).
The Australian Synchrotron is proposed to have 9-13 

initial beamlines, two of which are earmarked for PX. 
Beamline 1 will be a general purpose and high 
throughput MAD PX beamline, initially on a bending 
magnet, that will facilitate phasing of proteins and will 

Fig. 1. The Protein Crystallography (PX) Cycle.
To determine a structure by PX, several goals must be achieved. Each step is dependent on the success of the 
previous step in the cycle. The steps are production, purification and crystallisation of the protein, measurement of 
diffraction data from the crystal, phase estimation to enable electron density calculation, and building and 
refinement of the structure. The average time to achieve each of these steps has decreased dramatically over the 
past 5-10 years, through advances in synchrotron science coupled with developments in molecular biology, 
protein chemistry, graphics hardware and structural biology software.
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Fig. 2. Cryo-shipping Protein Crystals.
Dr Begoña Heras from the University of 
Queensland (UQ) shown here at the BIO-CARS 
beamlines at the Advanced Photon Source 
Synchrotron, Argonne, USA. Dr Heras is retrieving 
cryocooled DsbG protein crystals from the cryo-
shipper used to transport crystals from the UQ 
laboratory to the US synchrotron. The crystals were 
subsequently used to measure high resolution data 
from native DsbG crystals and MAD data at three 
wavelengths from SeMet-derivatised DsbG 
crystals. The structure was solved by MAD 
methods and refined at high resolution and the 
results published recently (13). Photo courtesy of 
Christine Gee (UQ).
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be designed for high throughput. This beamline is 
planned to be useful and user-friendly for experts and 
non-experts alike, and will provide a much-needed 
resource for the growing structural genomics community 
in Australia. Beamline 2 − specifically optimised for tiny 
microcrystals − will be a fine focus, high flux and high 
brilliance PX beamline on an undulator. This beamline is 
intended for use by expert protein crystallogaphers 
working on the most difficult PX problems, including 
membrane proteins and macromolecular complexes. 
This second beamline is also expected to have 
characteristics suited for small molecule crystallography.

Automation and Remote Access at the 
Australian Synchrotron
The PX beamlines for the Australian Synchrotron are 

proposed to be both automated and accessible remotely. 
This is in line with recent developments at leading 
synchrotrons overseas. Automation minimises the risk of 
radiation exposure by limiting the time that users are 
required to be in the experimental hutch. Remote access 
enables users from around the country and further afield 
to access PX synchrotron radiation without the financial 
and time constraints necessitated by travelling to the 
synchrotron. 
Full automation will require a robotic sample changer, 

to place the pre-frozen crystalline samples on the camera, 
and an automated end-station to allow centring of the 
sample in the X-ray beam, pre-screening of the 
crystalline samples and measurement of crystallographic 
data. The automation of these steps will be designed into 
hardware and software so that the necessary movement 
of equipment − including optics, detector and sample − 
for data measurement can be performed without manual 
intervention. Although automation is a relatively new 
concept for synchrotron PX, it is already successfully in 
place at several PX synchrotron beamlines worldwide 
including SSRL at Stanford in the USA (9), ALS at 
Berkeley in the USA (10), the EMBL Hamburg (11) and 
ESRF at Grenoble in France (12). 

Remote access is the operation of the PX synchrotron 
beamline for experimental data measurement by users 
who are located outside of the synchrotron. Remote 
users will be able to monitor and control the experiment, 
process data and solve structures at a location remote 
from the synchrotron. Once again, the SSRL synchrotron 
at Stanford in the USA is playing a leading role. The 
SSRL system will provide web-based real-time video 
streams of the crystalline samples and beam line 
equipment, instrument console and electronics systems 
(Fig. 3). It is anticipated that the PX beamlines at the 
Australian Synchrotron will be set up in a manner 
similar to that being established at SSRL beamlines for 
remote access.

What Happens Next?
The Australian Synchrotron is planned to be operational 

in mid-2007, though only four beamlines will be available 
initially, and those that are ready then will not necessarily 

be in their full or final configuration. The MAD PX 
beamline, for example, will be one of the first cabs off the 
rank, but the automation and remote access components 
of the instrument are unlikely to be ready for some 
months afterwards. The microfocus PX beamline will 
come on-line later again. Meeting the deadlines for PX 
beamline delivery is also hindered by the difficulty that 
synchrotrons worldwide are facing, that is the 
appointment of experienced beamline scientists to design, 
build and manage the PX beamlines. Nevertheless, when 
the Australian Synchrotron facility does come on-line it 
will mark the beginning of an exciting new era for 
structural biology in the region and perhaps also the 
beginning of the end for much of our suitcase science.
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Fig. 3. Remote Access at SSRL.
The 'Hutch' tab of the blu-ice system developed at SSRL, allows users to adjust parameters for data collection 
by entering the desired values into the input boxes. SSRL will begin commissioning with trial users for 
complete remote access in 2005. To do this, users will download the NX client application to access a remote 
desktop. From inside this desktop, the blu-ice beamline control interface may be accessed. Users will send 
their crystals to SSRL in a cassette storage container compatible with the Stanford Automounter (SAM). Prior 
to their scheduled time, a user-support staff person will load the cassette into the SAM dispensing dewar, 
close the radiation enclosure of the experimental hutch, and enable the users' blu-ice account at that 
beamline. Users will then control their experiments through the blu-ice interface. After evaluation of trial 
user experiences, SSRL will determine when to offer complete remote access data collection to general users. 
For more information see http://smb.slac.stanford.edu/public/facilities/remote_access/
Photo and information used with the kind permission of Aina Cohen (SSRL).


