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The SAB also noted that the landscape 
of structural biology is changing 
rapidly, and that a broader view of 
structural biology will be required 
for the future. Key aspects are an 
increased emphasis on larger systems, 
interactions between systems, and 
interactions involving biomolecules 
and drugs/ligands of pharmaceutical 
importance. In this context, it will be 
essential to fully exploit the added 
value of complementing techniques. We 
believe that the global scientific case 
for the type of results that are provided 
by neutron crystallography has been 
clearly made and that it is now time to 
develop an instrument that takes the 
technique into the mainstream of the 
X-ray crystallography community.

OCTOPUS - the proposed new 
instrument.
The  design proposed for this ins-
trument is summarised schemati-
cally in Figure 3. It has two modes of 
operation - Laue and monochromatic. 
The Laue mode (see Figure 3, top) will 
operate using a wavelength range that 
will be easily selectable from a number 
of multilayer filters located in a carou-
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Abstract 

We propose to construct a novel protein diffractometer at position H112B. The 
new instrument will deliver major efficiency gains, as well as offering greatly 
extended flexibility through the option of several easily interchangeable modes 
of operation. This proposal builds on the demonstrable need to extend ILL’s 
capacity for high resolution structural studies of protein systems, as well as 
a need to widen the scope of biological crystallography – in particular for 
monochromatic studies at both high and low resolution. The development will 
be carried out in close collaboration with structural biologists at the ESRF, and 
engineered in such a way that the user interface of the instrument (from sample 
to software) will be transparently identifiable to a large, dynamic, and driven 
community of European synchrotron X-ray macromolecular crystallographers.

Figure 1: Tetrahedral ice-type water cluster 
within a type III antifreeze protein, showing 
unprecedented detail on the ice-binding 
surface that is involved in lowering the 
freezing temperature of body fl uids in the 
ocean pout so that the fi sh can survive in 
sub-zero temperatures. This work was carried 
out on LADI-3 and is currently in press.

Background and motivation. Neutron 
macromolecular crystallography is now 
a growing field that is making strong 
and unique contributions to structural 
biology. A number of key aspects are 
associated with this success. Firstly 
the LADI-3 diffractometer has had a 
major impact - in the three years since 
its installation in 2007, it has been 
responsible for unique contributions 
in the scientific press (1-13) providing 
important information on the protonation 
states of biological macromolecules and 
on specific hydrogen bond interactions.  It 
is now a heavily sought-after instrument 
and oversubscribed by a factor of 2-3.
Secondly, the new D19 diffractometer, 
developed as part of the first phase 
of ILL’s Millennium Programme is 
now demonstrating the scope of 
monochromatic neutron crystallography 
- its first protein study was carried 
out in late 2009 on xylose isomerase 
(an important enzyme involved in the 
conversion of glucose to fructose) and 
has just been published as a front 
cover article in the high-impact journal 
Structure (14).

Figure 2: Neutron diffraction data from D19 
showing active-site residues and water 
molecules in xylose isomerase 

Thirdly, the Deuteration Laboratory allows routine availability of perdeuterated 
protein crystals, and now provides more than 90% of the samples that are used 
on LADI-III. Perdeuteration greatly alleviates the crystal volume requirement 
and also enhances data quality. These developments were recognised by the 
external Science Advisory Board (SAB) of the Partnership for Structural Biology 
(PSB), in the review of the PSB in July 2009. The SAB endorsed the importance 
of the efforts in this area, but expressed concern that the capacity of the 
instrumentation at the ILL was not sufficient to keep up with increasing demand 
from the user communities.

Figure 3: The proposed OCTOPUS 
diffractometer. Top: the diffractometer 
operating in “pink” beam Laue mode. The 
beam is conditioned to produce the wavelength 
spread needed using a multilayer carousel 
system, and then passes directly into the 
octagonal CCD detector array. [The sample is 
located in the centre of the octagon]. Bottom: 
the diffractometer in monochromatic mode– 
the monochromator is moved into the beam 
path and the detector moved to the required 
takeoff angle. The wavelength available would 
range from 2.8 Å to 7.5 Å, allowing powerful 
options for both high and low resolution 
crystallography.

senochromatic mode (see Figure 3, bottom), a four-faced monochromator will 
be inserted into the beam path and adjusted to select an appropriate wavelength 
in the range from 2.4 Å >λ>7.5 Å. The new instrument will allow easy switching 
between Laue and monochromatic modes of operation - including the long-
wavelength options that are needed for low–resolution contrast variation work. 
The design reflects the increasingly diverse needs for neutron macromolecular 
crystallography, and will feature a common environment (from sample through 
to data analysis) that will be readily identifiable to synchrotron X-ray users. 
Sample mounting and alignment will be implemented using the same procedures 
as used at the ESRF; likewise the sample environment (eg cryostream and 
humidity stream) options.
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Data integration procedures will carried out in a way that is directly analogous 
to that used in macromolecular X-ray crystallography, and refinement will 
occur against a joint neutron/X-ray target function. Additionally, simultaneous 
spectroscopic observations during neutron experiments will be available and 
may be of particular interest for the analysis of structural transitions.
    
In summary, the key elements in developing OCTOPUS for the next generation 
of neutron structural biology will be in the following areas: (a) Efficiency. A 
primary motivation will be to generate the largest possible instrumental 
efficiency gains. In the recent past, order of magnitude efficiency gains have 
allowed LADI-3 and D19 to study much smaller crystals and open up completely 
new options. OCTOPUS will provide further major gains through the increased 
flux available at H112B, the large solid angle of detection, the lower gamma 
sensitivity of the CCD detector systems by comparison with the image-plate 
systems on LADI-3, and optimised geometry in terms of signal/noise; (b) 
Flexibility and multimodality. It is clear that future trends in structural biology 
will require neutron crystallographic capabilities over a wide range of length 
scales. OCTOPUS will provide this capability through its flexible range of Laue 
and monochromatic configurations; (c) Sample environment. The instrument 
will incorporate easily interchangeable modules including a gas cryostream 
option (permitting, for example, the ability to “cryo-trap” intermediate states 
during an enzymatic reaction pathway), an advanced humidity stream option 
that will allow optimisation of sample crystallinity or H2O/D2O solvent exchange; 
(d) Online spectroscopy. The instrument will allow simultaneous spectroscopic 
options such as Raman spectroscopy -of direct relevance to cryotrapping 
studies; (e) Neutron and X-ray synergy. The ILL and ESRF are developing a 
number of joint X-ray/neutron approaches for crystallography - all geared to 
maximising the strong complementarity provided by the two methods. These 
allow ILL users to leave the EPN site with datasets that can be subjected to joint 
neutron/X-ray refinement. For low resolution crystallography of the type that is 
of increasing interest for the study of very large macromolecular systems (eg 
viruses), a joint ILL/ESRF platform is being developed; (f) Standardisation and 
a common interface. The synchrotron X-ray community has demonstrated the 
major gains that are possible through effective standardisation. OCTOPUS will 
be built around this concept, and will be constructed such that the instrument 
will be immediately ‘‘drivable’’ by thousands of X-ray macromolecular 
crystallographers.

Siting. A preliminary study has been carried out to investigate the possibility 
of siting the instrument on the inclined guide H112B is a cold guide in ILL7 
above the future IN16 guide (H112A). It is 29mm high, 90mm wide, and cur-
ves upwards with a radius of curvature of 2.5km. It is an m=2 guide with a 
characteristic wavelength of 1.3Å, (i.e. 2/3 of the 1.3Å neutrons are transmit-
ted). Transmission rises with wavelength, and drops rapidly to zero (with λ2) 
for shorter wavelengths. The H112B guide currently stops at the entrance to 
ILL7.  There are two possibilities. The first would be to locate the instrument 
on top of the H1/H2 casemate. This would need a strong upward guide cur-
vature, one or more supermirror deflectors, or a combination of the two. The 
beam axis will need to be moved up by at least 2m. 

The instrument will need to be built before the PF1B position, but it will then 
have lots of space laterally, as there is nothing else there. The second option 
would be to locate the instrument at the end of the H1/H2 casemate, standing 
on a platform above the IN16 guide. This needs less vertical displacement, but 
there will be less space on the sides.
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