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Neutron macromolecular crystallography with

LADI-1II

At the Institut Laue-Langevin, a new neutron Laue
diffractometer LADI-III has been fully operational since
March 2007. LADI-III is dedicated to neutron macromole-
cular crystallography at medium to high resolution (2.5-1.5 A)
and is used to study key H atoms and water structure in
macromolecular structures. An improved detector design and
readout system has been incorporated so that a miniaturized
reading head located inside the drum scans the image plate.
From comparisons of neutron detection efficiency (DQE) with
the original LADI-I instrument, the internal transfer of the
image plates and readout system provides an approximately
threefold gain in neutron detection. The improved perfor-
mance of LADI-III, coupled with the use of perdeuterated
biological samples, now allows the study of biological systems
with crystal volumes of 0.1-0.2 mm”, as illustrated here by the
recent studies of type III antifreeze protein (AFP; 7 kDa). As
the major bottleneck for neutron macromolecular studies
has been the large crystal volumes required, these recent
developments have led to an expansion of the field, extending
the size and the complexity of the systems that can be studied
and reducing the data-collection times required.

1. Introduction

The importance of X-ray diffraction techniques for the
determination of macromolecular structures cannot be over-
emphasized. Currently, around 59 000 X-ray structures have
been deposited in the Protein Data Bank (http://www.rcsb.org/
pdb) and these have contributed significantly to our under-
standing of a vast array of biological processes and systems.
However, the great majority of these X-ray macromolecular
structures provide us with no, or very little, information
relating to the positions of the H atoms owing to the fact that
H atoms, with only one electron, scatter X-rays very weakly.
The difficulty in identifying H atoms within electron-density
maps is further exacerbated by their degree of thermal
motion, such that labile H atoms (B factors > 10 Az) are
extremely difficult to visualize even when ultrahigh-resolution
data are available (<1.2 A; Howard et al., 2004). In contrast, in
neutron crystallography the scattering centres are the atomic
nuclei and as such the neutron scattering lengths show no
correlation to the number of electrons but rather depend on
the nuclear forces, which can vary even between different
isotopes of the same element. H and/or D atoms can be more
readily located using neutron diffraction techniques because
the scattering lengths of hydrogen (—0.374 x 10~'* cm) and
deuterium (+0.667 x 10~'2 cm) are comparable to those of the
other atoms of a macromolecule, i.e. C (+0.665 x 10712 cm), N
(+0.937 x 10~'? cm), O (+0.580 x 10~"? cm) and S (+0.280 x
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10~" cm). This ‘high visibility’ of H and D atoms in neutron
crystallography allows their positions to be determined at
resolutions of ~1.5 and 2.5 A, respectively (Blakeley, 2009).
Neutron crystallography can therefore complement X-ray
structure determination by providing a more complete
description of the structure. This has been exploited in studies
of enzyme mechanism, in which the location of H atoms in the
active site and knowledge of the protonation states of amino-
acid residues can help to decipher the mechanisms involved
(Blakeley et al., 2008; Coates et al., 2008; Adachi et al., 2009;
Kovalevsky et al, 2010; Tomanicek et al, 2010), in ligand/
inhibitor-binding studies in order to identify the hydrogen-
bonding interactions which occur (Wlodawer er al, 1983;
Coates et al., 2001; Kovalevsky et al, 2008) and in studies of
bound solvent structure (Bon et al., 1999; Habash et al., 2000;
Blakeley et al., 2004; Chatake et al., 2005; Arai et al., 2005), in
which the positions and orientations of water molecules (as
D,0O) can be determined, providing detailed distance and
angle information relating to hydrogen bonding and allowing
us to visualize the networks that are formed (Bouquiere et al.,
1993; Blakeley et al, 2004). Furthermore, the difference in
magnitude and phase between hydrogen and deuterium
means that neutron diffraction can determine the pattern and
extent of H/D-isotope substitution in macromolecules,
providing information on the solvent accessibility of individual
amino acids, on the mobility and flexibility of interesting
domains and on the H/D-exchange dynamics themselves
(Wlodawer & Sjolin, 1982; Mason et al., 1984; Kossiakoff et al.,
1991; Bennett et al., 2008).

Despite the wealth of information that can be derived from
neutron crystallography, there are currently only 41 deposited
macromolecular neutron structures in the Protein Data Bank
(http://www.rcsb.org/pdb). This is a consequence of difficulties
associated with neutron macromolecular crystallography that
make a successful experiment a lot more demanding than its
X-ray counterpart. The principal problem is that even the
most intense neutron sources have fluxes which are many
orders of magnitude lower than the corresponding fluxes of
X-ray beams. Historically, therefore, it has been a necessity to
have an extremely large crystal (~10 mm®) and to count for
long times (months) in order to gain sufficiently high reflection
intensities (Wlodawer, 1980). These long data-collection times
were also a consequence of a lack of optimized instrumenta-
tion for neutron macromolecular crystallography, with data
being collected using monochromatic thermal neutron beams
on four-circle or flat-cone diffractometers fitted with small
linear or area *He position-sensitive detectors. This restricted
neutron studies to just a few macromolecules for which
extremely large crystal volumes could be grown and which
possess relatively small unit-cell volumes.

2. Neutron image plates and quasi-Laue methods with
cold neutrons

In the early 1990s, important advances were made in neutron
macromolecular crystallography which extended the field
towards larger systems while using smaller crystals and shorter

data-collection times. The development of neutron-sensitive
image plates (NIPs) for use as a cylindrical detector (Rausch et
al., 1992; Wilkinson et al., 1992; Cipriani et al., 1994) provided a
much larger coverage of reciprocal space than had previously
been possible. This allowed many more reflections to be
measured at once and thus helped to reduce the data-
collection times necessary. An NIP is very similar to an X-ray
image plate in that it consists of photo-stimulable luminescent
materials and is sensitive to X-rays and y-rays. However, in
order to make the image plate sensitive to neutrons, a neutron
scintillator such as gadolinium (Gd) must be added. NIPs can
be produced by mixing the neutron converter Gd,O; with a
photo-stimulable luminescent material (BaFBr doped with
Eu”* ions) on a plastic support (Niimura ef al., 1994) and are
comparatively cheap and capable of high spatial resolution
(~0.1-0.2 mm); they have good homogeneity, a large dyna-
mical range (1:10°), extended linearity and possess no
dead-time or electronic noise build-up with time.

Another important development was the introduction of
quasi-Laue methods for neutron data collection (Wilkinson &
Lehmann, 1991). By using Ni/Ti multilayer band-pass filters
of high reflectivity (Schoenborn, 1992; Hgghgj et al., 1996), a
restricted wavelength band is extracted from the white beam
such that the flux is increased relative to monochromatic data-
collection methods, while at the same time reducing back-
ground scattering and reflection overlap compared with use of
the full white beam. The sample is then exposed to all avail-
able neutrons within the selected band pass, producing a much
larger number of reflections than with a monochromatic
neutron beam. Moreover, by having various Ni/Ti multilayer
filters with different wavelength ranges (6A/A) and centred at
different wavelengths (1) one can optimize data collection by
selecting the wavelength range (§A/A) and wavelength (1) that
are best suited to the sample (in terms of the unit-cell volume,
crystal volume ezc.). With the development of cold sources at
neutron reactors and the larger coverage of reciprocal space
offered by the use of cylindrical image-plate detectors, i.e. full
back-scattering possibilities, longer wavelength cold neutrons
can now be used for neutron macromolecular data collection.
The main advantage of using longer wavelength neutrons is
that the intensity of a reflection is proportional to the square
of the incident neutron wavelength, so that for weakly scat-
tering samples such as macromolecular crystals the reflection
intensities can be increased, aiding the resolution limit of the
data.

3. Perdeuteration

An important factor that must be considered when studying
biological macromolecules with neutrons is the very large
incoherent scattering cross-section of hydrogen (80.27 barns;
1 barn = 10~%* cm~?). As H atoms account for around half of
the atoms in a macromolecule, an extremely large incoherent
signal is observed which severely limits the signal-to-noise
ratio of the data and hence the resolution limit. Deuterium, on
the other hand, has a much lower incoherent scattering cross-
section (2.05 barns) and so it is advantageous to exchange the
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H atoms in the crystal for D atoms. Traditionally, this has been
achieved by growing crystals from or soaking the crystals
in D,O solutions, exchanging solvent-accessible groups (e.g.
amino and hydroxyl groups), which typically amount to 15—
20% of the solvent-accessible hydrogen content of the
macromolecule (Myles, 2006). The only method of replacing
all of the H atoms is to produce a completely perdeuterated
macromolecule in vivo (Berns, 1963; Gamble et al., 1994; Shu et
al., 2000; Hazemann et al., 2005). To achieve this, the macro-
molecule must be expressed from bacteria grown on deuter-
ated media so that perdeuterated macromolecules can be
synthesized. For the growth of well ordered perdeuterated
crystals, it is important to note that it may be necessary to re-
optimize the crystallization conditions used for protiated
crystals owing to differences in the physico-chemical proper-
ties of D,O and H,O, which affect protein—solvent and
protein—protein interactions and hence the protein solubility
(Budayova-Spano et al., 2007). Moreover, it is also important
to verify that the exchange of H for D does not affect the
macromolecular structure (Fisher & Helliwell, 2008). Several
X-ray studies have compared the crystal structures derived
from protiated and perdeuterated crystals, with no significant
differences being observed (Cooper et al., 1998; Tuominen et
al., 2004; Artero et al., 2005; Meilleur et al., 2005; Budayova-
Spano et al., 2006; Di Costanzo et al., 2007). Nevertheless, a
comparison of the structures should be performed for each
study, as it is possible that the differing crystallization condi-
tions may affect the overall structures, as was the case for
protiated and perdeuterated haloalkane dehalogenase (Liu et
al., 2007).

The use of perdeuterated crystals in recent years has been
one of the major developments in neutron macromolecular
crystallography. The main advantage of perdeuteration is that
it permits the use of much smaller crystal volumes: at least an
order of magnitude smaller (Hazemann et al., 2005) relative
to D,O-soaked (or D,O-grown) protiated crystals. Since the
growth of very large single crystals is the major bottleneck in
neutron macromolecular crystallography, this reduction in
crystal volume requirements is of critical importance.

At the resolutions currently attainable for neutron macro-
molecular studies (~1.5-2.5 A), when using protiated crystals
(grown or soaked in D,0) the possibility always exists of the
cancellation of nuclear density between an H atom and the
positively scattering atom to which it is bound, e.g. C—H or
O—H, which can lead to difficulties in interpretation of the
neutron data. In contrast, as deuterium has a positive coherent
scattering length, with perdeuterated crystals this cancellation
of nuclear density does not arise and hence the quality of the
nuclear scattering density maps is improved. Moreover, for
protiated crystals (grown or soaked in D,O) the possibility
of partial occupancy of H and D atoms always exists; with
perdeuterated crystals this ambiguity is removed.

Despite the many advantages perdeuteration offers, until
relatively recently it has been exploited rather less than might
have been expected. In 2003, the ILL, in collaboration with
the EMBL Grenoble Outstation, were the first to create a
‘Deuteration Laboratory’ (Forsyth et al, 2001) aimed at

maximizing the effectiveness of biological neutron scattering
work. Since then, other neutron facilities throughout the
world have developed specific laboratories for the deuteration
of macromolecules, such as the Bio-Deuteration Laboratory at
Oak Ridge National Laboratory (ORNL), the Biological
Deuteration Laboratory at LANSCE and the Biodeuteration
Facility at the Australian Nuclear Science and Technology
Organization (ANSTO).

4. The Laue diffractometers: LADI-1 and VIVALDI

The potential gains for neutron macromolecular crystallo-
graphy in harnessing the use of quasi-Laue methods with cold
neutrons and a large cylindrical NIP detector led to the
construction of the first neutron Laue diffractometer ‘LADI-I’
at the Institut Laue-Langevin in collaboration with the
European Molecular Biology Laboratory (EMBL) Grenoble
Outstation (Cipriani et al., 1996; Myles et al, 1998). The
LADI-I instrument was used to collect data from several
macromolecules, including xylose isomerase (Meilleur et al.,
2006), endothiapepsin (Coates et al., 2001), lysozyme (Niimura
et al.,, 1997; Bon et al., 1999), concanavalin A (Habash et al.,
2000; Blakeley et al., 2004) and aldose reductase (Blakeley et
al., 2006, 2008). The impact of perdeuteration on neutron
macromolecular crystallography, in terms of the smaller
crystal volume requirements, was demonstrated by studies on
aldose reductase (Hazemann et al., 2005), for which neutron
data to 2.2 A resolution were collected on LADI-I from a
perdeuterated crystal with a volume of only 0.15 mm?, which
was radically smaller than any crystal previously used for
neutron macromolecular crystallography. Moreover, using
protocols developed for the successful cryocooling of large
macromolecular crystals, neutron diffraction data could be
collected at cryotemperatures using LADI-I (Blakeley et al.,
2004), opening up the way for studies of freeze-trapped
intermediates.

Owing to the success of the LADI-I instrument, the possi-
bility of using quasi-Laue methods with thermal rather than
cold neutrons for fast data collection from much smaller unit-
cell systems was investigated. These trials were shown to be a
success and led to the construction and subsequent installation
in 2001 of a second Laue diffractometer, originally called
‘LADI-II’ but later renamed ‘VIVALDI’ (Very Intense
Vertical Axis Laue Diffractometer; Wilkinson et al., 2002).
Unlike LADI-I, which uses a horizontal cylindrical drum
detector with externally bonded image plates and readout,
VIVALDI uses a cylindrical drum detector in a vertical con-
figuration and has neutron image plates that are mounted and
read internally, so that the side of the image plate that receives
diffracted neutrons is the same as that from which the photo-
stimulated luminescence is read. This was shown to improve
the neutron detection efficiency of VIVALDI by a factor of
~3 in comparison to LADI-I. Thus, in 2003, as part of the ILL
Millennium Programme, a project was initiated to build an
upgraded Laue diffractometer ‘LADI-III’ based on the design
of VIVALDI and as a replacement for the LADI-I instrument.

1200 Biakeley et al. + LADI-III
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5. The Laue diffractometer LADI-III

Similar to VIVALDI, the LADI-III instrument (Fig. 1) has a
vertical configuration and the image plates and read/erase
system are located internally. In addition, further important
modifications to the design have been incorporated, such as
an increase in the size of the cylindrical drum detector (to
400 mm in diameter with a height of 450 mm) and a reduction
in the size of the internal read/erase system. The drum
diameter was increased so as to reduce the number of spatially
overlapped reflections and to decrease the background scatter
per pixel, while the miniaturized design of the read/erase
system allows increased coverage of reciprocal space by
minimizing the image-plate dead zone. Moreover, the design
allows the instrument to be installed on any inclined beam of
up to 2° and on any beam height from 630 to 1400 mm, such
that relocation to a higher flux beam position is possible, with
this being scheduled to happen in 2011. Commissioning of the
LADI-III instrument was completed in early 2007 and since

March 2007 it has been fully operational and open to scientists.
The crystal (in a quartz capillary) is mounted on a goniometer
and placed inside the cylindrical drum, where it can be rotated
around the cylinder axis. Data are collected by resetting the
crystal sample by ~5° between each successive exposure.
Interaction of the neutron beam with the sample produces
Bragg reflections, which are recorded on neutron image plates
bonded to the inner surface of the vertical cylindrical drum.
The internal reading system scans the drum in phonographic
mode. For the majority of systems studied, a multilayer band-
pass filter of A/A = 25% centred at A = 3.5 A is used for data
collection. The resolution at the edge of the detector is then
~1.5 A, which is sufficient to localize protons and deuterons.
However, for a large unit-cell system (a > 110 A), where a
large number of reflections are simultaneously produced, use
of a narrower band-pass multilayer filter (e.g. SA/A of 5-10%)
helps to reduce the problem of spatial overlap. For smaller
unit-cell systems (a < 50 A) much wider band-pass multilayer
filters can be used (e.g. SA/A = 35%) in order to improve data-
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The LADI-III Laue diffractometer at the Institut Laue-Langevin. (a) Schematic of the instrument layout. (b) The LADI-III instrument installed on cold
guide H142 with the overall dimensions of the instrument shown. (¢) The inside of the drum with the reading head shown tracking-up while the drum
itself rotates. The green arrow indicates the direction of the reading head. (d) The inside of the detector, with the bonded neutron image plates and the
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Table 1
Neutron quasi-Laue data-collection statistics for hen egg-white lysozyme
using the neutron diffractometers LADI-I and LADI-III.

Values in parentheses are for the highest resolution shell.

Neutron source Institut Laue-Langevin Institut Laue-Langevin

Table 2

Neutron quasi-Laue data-collection statistics for the perdeuterated AFP

crystal with volume 0.13 mm’.

Values in parentheses are for the highest resolution shell.

Neutron source

Institut Laue-Langevin

Cold neutron guide Cold neutron guide

Guide H142 H142

Instrument LADI-I LADI-III

Wavelength (A) 2.9-43 2.9-43

No. of images 9 9

Image width Stationary Stationary

Setting spacing (°) 4 4

Exposure time (h) 4 4

Space group P452,2 P432,2

Unit-cell parameters a=791,b=179.1, a=791,b=79.1,
A, °) ¢ =381, a=90, ¢ =381, a=90,

B=90,y=90 B=90,y=90

Resolution range (A) 22.55-2.00 (2.11-2.00) ~ 22.55-2.00 (2.11-2.00)

No. of observations 8398 (622) 29337 (2374)
No. of unique reflections 4626 (381) 5978 (668)
Completeness (%) 55.9 (31.9) 71.8 (56.1)
Rinerget 0.150 (0.186) 0.177 (0.198)
Ryim (all I"and T7)3 0106 (0.144) 0.068 (0.092)
Mean /o () 5.1 (4.4) 7.8 (5.6)
Multiplicity 1.8 (1.6) 4.9 (3.6)

T Rmerge = 2omt 2o (kD) — (I(hKD)| /> 0 3= 1;(hkD), where I(hkl) is the intensity of
reflection hkl, ", is the sum over all reflections and ), is the sum over i measurements

of reflection hkl. % Rpim = Y uall/(N — D' X2, 1L(hKD) — (I(hKD) /3 e S 1 (hkl)
(Weiss, 2001), where I(hkl) is the intensity of reflection hkl, )", is the sum over all
reflections and ), is the sum over i measurements of reflection Akl.

collection efficiency. Furthermore, the band-pass filters can be
‘tuned’ so that they can be centred at shorter wavelengths,
offering the possibility of collecting higher resolution data.
In order to compare the quality of the data collected using
LADI-I and LADI-III, diffraction experiments were per-
formed on both diffractometers using the same tetragonal hen
egg-white lysozyme crystal and data-collection parameters, i.e.
neutron flux, aperture size, wavelength range, exposure time
and angular setting spacing between successive images. The
results indicate, as expected, that the data collected from
LADI-III are of higher accuracy (lower R,; ., values), have
improved signal-to-noise ratios [mean I/o(I)], have a lower
degree of spatial overlap and are more complete (Table 1).
Furthermore, data can be collected in faster times, from
smaller crystal volumes and to higher resolution. The detec-
tive quantum efficiencies (DQEs) for both LADI-I and
LADI-III have been calculated by analysing the background
regions of diffraction patterns collected from a DNA crystal.
The DQEs for LADI-I and LADI-III were found to be 16 and
46%, respectively (Wilkinson et al., 2009), corroborating the
results from the comparative tests with the lysozyme crystal.
The neutron quasi-Laue diffraction data are processed
using software from Daresbury Laboratory (Warrington,
England; Helliwell et al., 1989; Campbell, 1995) modified for
the cylindrical detector geometry and with the polarization
correction removed (Campbell et al., 1998). The initial stages
of processing quasi-Laue data, such as indexing, orientation
matrix and spot parameter refinement and reflection integra-
tion, are performed using the LAUEGEN program (Campbell
et al., 1998), while LSCALE (Arzt et al., 1999) is used to derive

Guide

Cold neutron guide H142

Instrument

Wavelength (A)

No. of images

Image width

Setting spacing (°)
Average exposure time (h)
Space group .
Unit-cell parameters (A, °)

Resolution range (A)
No. of observations

No. of unique reflections
Completeness (%)

LADI-III

3.18-4.22

82

Stationary

7

6.15

P2,2,2,

a=327,b=391,c=465,
a=90,8=90,y=90

32.74-1.85 (1.95-1.85)

71182 (3133)

4803 (544)

89.3 (71.4)

Ruerget 0.140 (0.195)
Ryim. (all I" and ™) 0.031 (0.069)
Mean I/o(I) 17.5 (5.5)
Multiplicity 14.8 (5.8)

T Ruerse = D pia 2 Mi(hkl) — (I(hKD))|/> 4y >-,; 1;(hkl), where I(hkl) is the intensity of
reflection hkl, Y",,, is the sum over all reflections and ), is the sum over i measurements
of reflection Akl. % Rpim = Y puall/(N — D2 32 [ (hkD) — (IGhKI /S 3 1 (hKD)
(Weiss, 2001), where I(hkl) is the intensity of reflection hkl, ), is the sum over all
reflections and ), is the sum over i measurements of reflection hkl.

the wavelength-normalization curve by using the intensities of
symmetry-equivalent reflections measured at different wave-
lengths.

The Institut Laue-Langevin is located on the same site as
both the EMBL Grenoble Outstation and the European
Synchrotron Radiation Facility (ESRF). Owing to the lack of
radiation damage, crystals used for neutron data collection
on LADI-III can be used immediately afterwards for data
collection using X-rays. These data can then be combined for
use in a joint X-ray and neutron refinement strategy (Adams
et al., 2009; Afonine et al., 2010) using either phenix.refine
from the PHENIX software package (available from http://
www.phenix-online.org) or the nCNS software available from
http://mnc.lanl.gov.

Figure 2
The perdeuterated crystal of AFP with dimensions 0.35 x 0.55 x 0.7 mm
corresponding to a volume of 0.13 mm?® (Petit-Haertlein et al., 2009).

1202 Blakeley et al. + LADI-II
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Figure 3

Left, centre section of a neutron quasi-Laue diffraction pattern from the 0.13 mm?® perdeuterated
AFP crystal obtained using LADI-III and a 24 h exposure time. Right, close-up of a high-resolution

region.
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6. Neutron diffraction studies of
type Ill antifreeze protein

An example of a recent neutron study
performed using LADI-III which illus-
trates the improved capabilities of the
new instrument combined with the use
of perdeuterated biological samples is
that of type III antifreeze protein. The
members of the homologous type III
antifreeze protein (AFP) subfamily
share the capability to inhibit ice growth
that would otherwise be fatal to organ-
isms that live in subzero environments.
AFPs work by binding to ice-crystal
nuclei and although interactions
between a defined flat ice-binding
surface and a particular lattice plane of
an ice crystal have been identified, the
fine structural features that underlie
the antifreeze mechanism still remain
unclear. Despite the many extensive
X-ray structural studies that have been
carried out to date, additional work is
required both at the residue-protona-
tion and hydration levels in order to

Early monochromatic

neutron studies
Monochromatic image-plate
diffractometers 'BIX-3/BIX-4'
(JRR-3M, Japan)

Laue diffractometer 'LADI-I'
(ILL, France)

TOF Laue diffractometer 'PCS’
(Los Alamos, USA)

Laue diffractometer "LADI-III"
(ILL, France)

Monochromatic diffractometer 'D19'
(ILL, France)

completely elucidate the antifreeze
mechanism. Neutron diffraction data
have been collected using LADI-IIT at
293 K from a crystal of perdeuterated
antifreeze protein with dimensions of
0.35 x 0.55 x 0.7 mm (Fig. 2), corre-
sponding to a volume of 0.13 mm’

(Petit-Haertlein et al., 2009). Using
exposure times ranging from 2 to 24 h,
neutron diffraction data were collected
to 1.85 A resolution (Fig. 3), with the
complete data set being collected in
three weeks. Data-reduction statistics
are summarized in Table 2.

Plot of the asymmetric unit-cell volume (A%) versus the crystal volume (mm®) for the neutron
structures solved to date on the various diffractometers available both past and present. The newer
instruments such as the Protein Crystallography Station (PCS) and LADI-III are able to collect

data from larger asymmetric unit cells and using smaller crystal volumes. The original necessity of
having a crystal volume of several cubic millimetres is no longer the case, with data now being
collected from perdeuterated protein crystals with volumes of ~0.1 mm® and from D,0-soaked

protiated crystals with volumes much less than 1 mm®.

Several neutron data sets have now been collected on
LADI-III with joint X-ray and neutron structural refinements
under way or completed (Weiss et al, 2008; Teixeira et al.,
2008; Gardberg et al., 2009, 2010; Oksanen et al., 2009; Leal et
al., 2009; Tomanicek et al., 2010; Novak et al., 2009; Petit-
Haertlein et al., 2009, 2010). Demand for the instrument is
high (it is oversubscribed by a factor of three), with more than
half of the users producing perdeuterated samples by taking
advantage of the Deuteration Laboratory facility (Forsyth et
al., 2001).

7. Conclusions

The impact of neutron macromolecular
crystallography has recently increased,
as it has provided information about
key biological processes such as enzy-
matic mechanisms. Two main factors have contributed to this
increase: the improvement in data-collection facilities and the
use of perdeuterated samples, which improve the signal
strength and reduce data-collection times. LADI-III is a clear
example of the improvement in data-collection facilities. The
difference from LADI-I is clearly seen in Table 1 and Fig. 4.
As shown in Fig. 4, several data sets have been collected at
LADI-III using D,0O-soaked protiated crystals with volumes
of much less than 1 mm?® and from perdeuterated crystals with
volumes of ~0.1-0.2 mm®. This is a major step in overcoming
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the important bottleneck of increasing the crystal volume in
order to measure neutron diffraction data. Fig. 4 also shows a
comparison with other existing data-collection facilities such
as the ‘biological crystal diffractometers’ BIX-3 and BIX-4 at
Tokai, Japan and the Protein Crystallography Station (PCS) at
Los Alamos, USA. There is a clear trend towards larger
systems and smaller crystals. This trend should continue with
the new instrumentation for neutron macromolecular crys-
tallography at the Spallation Neutron Source (SNS) at Oak
Ridge National Laboratory and the Japan Proton Accelerator
Research Complex (J-PARC).

The case of perdeuterated AFP shows the impact of both
perdeuteration and the use of the LADI-III instrument on the
quality of the data. High-resolution data (1.85 A) have been
collected from a very small crystal (0.13 mm®) in three weeks
with high completeness, good agreement factors, high multi-
plicity and high signal-to-noise ratios. This opens the way to
a more extended use of neutron macromolecular crystallo-
graphy by the structural biology community.
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