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ABSTRACT 

Since the structure-function relationship of proteins is 
dominated by the behavior of hydrogen atoms, it is important 
to know the structural information of hydrogen atoms. Neutron 
diffraction provides an experimental method of directly 
locating hydrogen atoms. So, we have had a project to 
construct the dedicated diffractometer for the neutron 
crystallography in biology at JRR-3M in JAERI (Japan Atomic 
Energy Research Institute). The diffraction intensity from the 
protein crystal is weaker than that from most of inorganic 
materials. In order to overcome the intensity problem, three 
items should be considered carefully. Those are (1) how to get a 
large single crystal, (2) how to get intense neutron flux on a 
sample position, and (3) how to get a genuine detector system. 

INTRODUCTION 

The x-ray diffraction of single crystals has supplied knowledge 
about the atomic structure of proteins, viruses, t-RNA and DNA. Since 
the structure-function relationship of proteins is dominated by the 
behavior of hydrogen atoms, it is important to know the structural 
information of hydrogen atoms. However, it is difficult for x-ray 
crystallography in biology to give the structural information of 
hydrogen atoms. On the other hand, neutron diffraction provides an 
experimental method of directly locating hydrogen atoms. Moreover, 
neutron diffraction has several distinctive advantages over x-ray one, 
and they are summarized as follows: 

Neutron diffraction can locate light atoms such as hydrogen and 
deuterium. Since the scattering length of hydrogen is different from that 
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ABSTRACT 

Since the structure-function relationship of pruteins is 
dominated by the behavior of hydrogen atoms， it is important 
to know the structural information of hydrogen atoms. Neu釘'on
diffraction provides an experimental method of directly 
locating hydrogen atoms. So， we have had a pr'吋ectto 
construct the dedicated diffractometer for the neutron 
crystallography in biology at JRR・3Min JAERI (Japan Atomic 
Energy Research Institute). The diffraction in胞nsity 針。m 曲e
protein crystal is weaker than that from most of inorganic 
materials. In Clrder to overcome the intensity problem.ぬE鴫

items should be considered careful1y. Those are (1) how to get • 
large single crystal. (2) how to get intense neutron f1ux on • 
sample position， and (3) how to get a genuine detector sys栂m.

INTRODUCTION 

The x-ray diffraction of single crystals h.¥s supplied tnowledge 
about the atomic structure of proteins， viruses， t-RNA and DNA. Since 
the structure-function relationship of proteins is dominlted by 曲e
behavior of hydrogen atoms， it is important to know the s町uctural
information of hydrogen atoms. However， it is difficult for x-tay 
crystal10graphy in biology to give the structural inform.tion of 
hydrogen atoms. On the other hand， neutron diffrac語。nprovides n 
experimental method of directly locating hydrogen atoms. M。鴎over，
neutron diffractIon has several distinctive advlntages over x-ray one， 
and they町'esummarized 踊 follows:

Neutron diffraction can locate light Itoms such .s hydrogen and 
deuterium. Since the scattering length of hydrogen is different from曲蹴
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of deuterium, hydrogen and deuterium could be distinguished from each 
other, and this is useful to study H/D exchange, contrast variation with 
different D2O/H2O mother liquid, and so on. Nitrogen, with its greater 
scattering length, can be distinguished from carbon and from oxygen. 
The crystals are not damaged by neutrons as they are by x-rays. The 
higher-angle scattreing data should be more easily observable for 
neutrons than for x-rays. 

The most serious disadvantage of neutron diffraction is the low 
flux of neutrons irradiated on the sample specimen. The diffraction 
intensity is written as 

I 00 Io * V * A / (vo) 2 , (1) 

where I, Io, V, A and vo are diffraction intensity, incident neutron 
intensity, the volume of the sample specimen, detector area subtended 
by the specimen and the volume of the unit cell, respectively. Normally 
the unit cell dimension of the protein crystal is about ten times larger 
than that of most of the inorganic materials. Because of this term, 
diffracted intensity from the protein crystal becomes weaker, though 
structural form factors gain the diffracted intensity. 

We have had a project to construct the dedicated diffractometer 
for the neutron crystallography in biology at JRR-3M in JAERI (Japan 
Atomic Energy Research Institute). The diffractometer will be called as 
BIX, tentatively. 

In order to overcome the intensity problem, three items have been 
considered carefully. Those are (1) how to get a large single crystal, (2) 
how to get intense neutron flux on a sample position, and (3) how to 
get a genuine detector system. 

This paper reports the tentative and general view of the project. 

How to get a large single crystal 

It is said that the neutron flux at JRR-3M is about one half of that 
at BNL (Brookhaven National Laboratory) and about one fifth of that at 
ILL (Institute of Laue-Langevin). The usual volumes of protein single 
crystals used at BNL and ILL are aboutl mnv* and 3 mm3, respectively. 
If the diffractometer of the same perfomance as the one of BNL or ILL 
is available in JRR-3M, the sample of about S or 6 mm3 in volume is 
necessary, in principle. To get such a large single crystal must be a hard 
job, but not impossible. 

Recently Ataka et al. have developed the method to grow a 
lysozyme single crystal of more than 200 mm3 in volume easily1). Dr. 
Ataka will join our project and he will continue developping the method 
and try to apply it for the other proteins. We could also observe the 
initial stage of the lysozyme crystal growth by using the small angle 
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Iysozyme single crystal of more than 2∞mm3 in volume鏑 sil)'り.Dr. 
Ataka will join our project and he will continue developping曲eme曲。d
and try to apply it for the 0曲erproteins. We could also ob関 rve曲e
initial stage of the lysozyme crystal growth by using tbe smaU ulle 

-581-



neutron scattering method^), and this also helps us to know the general 
mechanism of the protein crystal growth. The desire to grow a large 
single crystal of biomolecules such as protein and DNA is accelerated 
day by day. 

However, since there are some proteins which never grows as a 
large single crystal as used in the neutron diffraction, we will design and 
develop the special equipment which composes a large crystal by 
gathering several small single crystals and aligning their crystal axes. 
The alignment operation could be carried out with use of neutron 
diffraction and optical microscopy. The fact that crystals are not 
damaged by neutron irradiation is very convenient. 

Intense neutron flux 

In order to get intense neutron flux on a sample position for an 
inelastic neutron scattering instrument, it is a normal way to adopt not 
only vertically but also horizontally focussing monochromator as far as 
the Q-resolution is tolerable. However, in a single crystal diffractometry, 
no or slight vertical focussing monochromater method is applied so far 
because of the serious Q-resolution. 

We would like to develop a new type of a focusing monochromator 
even in the case of the single crystal diffractometry. In this method, an 
assembly of monochromator is composed of several different kinds and 
pieces of crystal and is curved as refracted neutrons of different 
kinds of wavelength are focused onto the sample as shown in Fig.l 
(a). 

Fig.l Multi-wavelength method. 
(a) in real space and (b) in reciprocal space 
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M i, M2 and M3 are monochromator crystals, the interplanar 
distances of which are di,d2and d3, respectively. Neutrons of three 
different wavelength Xi,X2and X3 impinge onto the specimen. Neutrons 
of each wavelength could be enough collimated, and we could expect 
the fine angular dispersion as far as the conditions as a monochromator 
of each piece of crystals such as the size, mosaicity and so on are 
sufficiently arranged. Because of the multi-wavelength, the neutron flux 
irradiated onto the sample should be absolutely increased, although the 
diffraction pattern becomes more complicated. 

Fig. 1(b) shows the diffraction principle of the multi-wavelength 
method in the reciprocal space. Strictly speaking, the directions of the 
incident vectors, AiO, A2O and A3O, are not the same, but they are 
drawn in the same direction as an approximation in the figure. While a 
crystal rotates with a unit angle, each Ewald sphere erases the reciprocal 
lattice points and Bragg reflection occurs. Because of the multi-
wavelength, the number of Bragg reflections diffracted onto the area 
detectors increases about three times larger than that of the normal 
cases. At the same time, however, the probability that Bragg reflections 
overlap each other increses. So, data acquisition procedure becomes 
very important and this will be discussed in the later section. 

A detector system 

In order to enlarge the solid angle subtended by a sample, the 
plural area detectors are equiped. At the first stage, 3 conventional gas-
filled proportional detectors (ORDELA MODEL 22S0N; active area 25cm x 
25cm; pixel size 2mm x 2mm) will be utilized and they cover 8.3 % of 
the whole effective solid angle subtended by the specimen. 

In the project, the development of the more genuine detector such 
as an imaging plate (IP) for neutrons which is common to x-ray 
diffractometry is included. The x-ray diffractometry has been 
extraordinally grown up since the practical use of the IP started. 
Although there were several trials of the application of the IP for 
neutron diffractometry, the practical use for it cannot yet be realized. 
Since the recording material BaFX:Eu2+(X=Cl,Br,I) does not interact with 
neutrons, neutron converter is necessary as a component, and Gd has 
been considered and tested as a converter material so far. If we 
consider the energy and the flight path length of the secondary particles 
of nuclear reaction in the converter, elements which react with neutron 
such as (n,a), (n,p) and (n,P) might be more effective. In any way, the 
kind, shape and size of the neutron converter and its combination with 
the recording material must be considered and tested. 
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In order to enlarge the solid angle subtended by a sample，曲e
plural町 'eadetectors are equiped. At the first stage， 3 conventional gas-
filled proportional detectors (ORDELA MODEL 2250N; active area 250m x 
2Scm; pixel size 2mm x 2mm) will be utilized and曲eycover 8.3 .， of 
the whole effective solid angle subtended by曲especimen. 

In the pr，吋ect，the development of the morc genuine dctcctor such 
as an imaging plate (IP) for neutrons which is common to x-ray 
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Data acquisition procedure 

The proper data acquisition procedure enables us the avoidance of 
overlappings of Bragg reflections. If reflected neutrons onto area 
detectors should be accumulated within the wide crystal rotation angle, 
there would be many overlappings of Bragg reflections. While a 
specimen crystal is stationary, the least overlapping of Bragg reflections 
could be expected. After the measurement in a certain interval, all the 
data are transferred to the outer memory, and then the data on the area 
detector are cleared and the specimen is rotated in a unit of angle and a 
new measurement starts. As-far as lattice constants and the geometrical 
orientation of the specimen and the profile of the reflection are known, 
neutron events on the area detector could be assigned in principle. 
While the new measurement is carried out, the transferred data are 
assigned to the diffraction indices. This procedure is repeated in a 
certain step of crystal rotation. 

Interference with other diffractometer 

The beam port where the BIX will be settled is 1G-A as a first 
candidate. At the downstream 1G- A, a high resolution powder 
diffractometer (HRPD) has been already equipped. The least interference 
must be necessary for the installation of BIX. 

MX MMMlWMMlar ATM (CtllJ) 

Fig.2 Intensity loss at HRPD and gain at BIX. 
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The cross section of 1G beam is 8 cm in height and 4 cm in width 
and the full area is now used for the HRPD. For the BIX monochrometer, 
the bottom of the half height is allowed to be used, and the available 
area for the BIX monochrometer depends on how it interferes with 
HRPD. Fig.2 shows the intensity fraction decreased by the BIX copper 
monochromator (1.1mm in thickness) and the intensity gain of the BIX 
as a function of BIX monochrometer area (cm2). 

The general performances 

The general performances of the BIX are summarized in Table. 

beam tube IG-A 
monochromater Graphite (002), 

Silicon (311), 
Copper(002), 

Germanium(311) 
Aluminium(200) 

monochromater Bragg angle 26=32, 44 
intensity at the sample position 

10 6 -10 7 n cm"2 s"1 

maximum beam size at sample 
10mm x 10mm 

incident wavelength 
X=0.9-2.5 A 

detector type 
ORDERA MODEL 2250N (x3; tentatively) 

detector resolution 
2mm x 2mm 

sample to detector distance 
60cm-100cm 

observable d range 0.52 A< d <9.4A 

References 
1) M.Ataka & T.Katsura, JAERI-M 92-213, (1993)61 
2) Y Minezaki, I.Tanaka, N.Niimura, M.Ataka & T.Katsura, 

JAERI-M 92-213,(1993)62 
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