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which grew alone in one drop after 4 to S weeks, then grew to a
maximum size of 1.06 x 0.17 x 0.17 mm.

Diffraction data were collected from this crystal at 277K on
Station DW32 at LURE (Laboratoire d’Utilisation du Rayonne-
ment Electromagnétique, Orsay, France) using a 180 mm MAR
Research image-plate scanner (crystal-to-detector distance set
to 220mm). The wavelength of the incident X-ray beam was
0.901 A. A total of 35 frames (exposure time per frame 60s)
were collected over 42° in steps of 1.2° to a resolution of
2.4 A before appearance of significant radiation damage.

Although the cell dimensions and measurement of crystal
dimensions hint at a tetragonal space group, the absence of any
fourfold symmetry in (1 0 0)* reciprocal planes rules out such
a possibility (Fig. 1). Also did the rather large Ry value of
0.254 obtained when data processing was performed in a
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tetragonal space group (Rym = S Sy — N S S
where (I,) is the mean intensity for i observations of reflection
h). Pseudo precession photographs indicated the crystal system
was orthorhombic based upon the mm symmetry of the Okl
zones and their respective upper levels.

All images were processed using the MOSFLM software
(Leslie, Brick & Wonacott, 1986), in an orthorhombic primitive
unit cell with dimensions a = 181.62, b =128.88 and
¢ =128.88 A. Further data analysis was performed with
ROTAVATA/AGROVATA programs of the CCP4 package
(Collaborative Computational Project, Number 4, 1994). The
full recorded data set is 56% complete between 22.0 to 2.46 A.
A total of 170289 reflections (average reflection width: 0.6°)
were collected, and these reduced to 61103 independent
reflections with an R, value of 0.07. A total of 83.8% of all
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Fig. 2. (a) The locked self-rotation function, versus k. A sharp maximum is observed at ¢ = 178° ¥ = 96.4° and « = 45.35°. Calculation was
performed using 1502 large terms (resolution range 10.0-4.0 A), a radius of integration of 80. 0 A. Maximum is at 2.5 above background. (b)
Stereographic projections of the symmetry axes of the apoferritin molecule within the orthorhombic unit cell reference frame compared with the
standard projection of the 432 symmetry point group. In both cases, the a and ¢ axes of the unit cell are displayed along the horizontal and vertical

axes respectively.
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measured reflections had 7 > 3o(/). In the resolution shell from
2.58 to 2.46 A, 43% of the total expected reflections were
observed and 66.8% of these had I > 3a(I).

3. Structure solution of the orthorhombic crystal

Self-rotation functions at « = 180, 120 and 90°, using the
program GLRF (Tong & Rossmann, 1990), allowed us to check
the molecular symmetry and to establish the orientation of the
non-crystallographic symmetry axes. Fig. 2(a) shows the
resulting locked self-rotation function, including the 432
point-group symmetry, from which a peak maximum is
obtained at ¢ >~ 178.0°, ¥ ~96.4° and « =~ 45.35°, while
Fig. 2(b) reports the stereographic projections of the symmetry
axes of the apoferritin molecule within the orthorhombic unit-
cell reference frame and the standard projection of the 432
symmetry point group. From these results, the orientation of the
molecule in the orthorhombic unit cell may be deduced first by
arotation of ~45.0° around the a axis followed by a second one
of ~6.0° around the ¢ direction.

The structure was solved by molecular replacement method
using the program AMoRe (Navaza, 1994) with, as a starting
model, half an apoferritin molecule built from the IHRS entry
(Précigoux et al., 1994) of the Brookhaven Portein Data Bank
(Bernstein et al., 1977). The orthorhombic unit-cell volume was
consistent with an asymmetric unit made up of 12 independent
subunits and therefore the considered model led to two
apoferritin molecules per unit cell. The rotation function,
calculated from 53.6% {19 868 reflections with F,, > 0.4 mean

o0

(F,)] of a complete data set between 8 and 3.5 A and with a cut-

e

Fig. 3. Stereoscopic views of the F, — F, electron-density maps at 5o
and 7¢ levels in the intermolecular regions. (@) The high density
peaks, between all adjacent molecules except in the b direction. are
attributed to the presence of metal ions binding the symmetry-related
residues Asp80 and GIn82; (b) along the b direction, no metallic site
is obscrved.
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off radius of 30A, displayed several equivalent solutions
(correlation factor=23.6 and 8¢ peak height above the mean
value). The translation search solved the space-group ambiguity
as P2,2,2. The best solution of the translation function after
rigid-body refinement, corresponding to a 33c peak height
(correlation factor = 71, factor = 0.30), predicted the centre
of the molecule to be (x, =0, y.=0.5, z. =0.2499) and
clearly indicates that the asymmetric unit contains half an
apoferritin molecule lying on the Wyckoff special position 0, 3,
z close to 1. If one describes, in a first approximation, the
apoferritin molecules as spheres, the best molecular packing
will obey a compact arrangement. This is exactly what is
observed in the structure. The molecular packing verifies a
pseudo tetragonal body-centered lattice as shown by the
particular Wyckoff position of the centre of the molecule.
This may explain why not only the cell dimensions but also the
crystal dimensions hint at a tetragonal space group. The
orthorhombic symmetry is only evident when the exact
symmetry of the molecule is considered.

Despite the lack of completeness, the structure refinement
was initiated using the program X-PLOR (Briinger, Kuriyan &
Karplus, 1987). A total of 51649 reflections [F, > 40(F,)] in
the resolution range 8-3 A were considered in order to refine
the overall orientation of the molecule and the non crystal-
lographic symmetries, leading to an R factor value of 0.27.

Difference (F, — F,) Fourier maps (Fig. 3a) clearly reveal
well defined residual densities (with heights more than seven
times the r.m.s. deviation) that can be easily assigned to five
independent heavy atoms. Each peak location corresponds to
one of the metallic sites linking adjacent protein shells in the
cubic crystal and the amino acids involved in the so-formed
metallic bridges are the same (Asp80 and GIn82) as those found
in the cubic structure. Nevertheless, in the orthorhombic form,
no metal ion is observed between adjacent molecules in the b
direction (Fig. 3b). This results from a significant increase in
the distance between the symmetry-related carboxylate groups
of Asp80 and GIn82, due to the observed rotation of ~ 6°
around the ¢ direction. However, at this stage of the refinement,
we cannot conclude on the exact nature of these heavy atoms.

For this data set, structure refinement as well as Patterson
anomalous difference map calculations (Platinum being the
only possible anomalous scatterer at the experimental wave-
length) are in progress. Since the beginning of this study, new
crystals of this orthorhombic form have been obtained which
will allow possible improvement in data collection.

The authors are grateful to LURE (Laboratoire d’Utilisation
du Rayonnement Electromagnétique, Orsay, France) for
providing us X-ray facilities on beamline DW32 and to R.
Fourme and A. Bentley for their assistance during data
collection.
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