


CRYSTALLIZATION PAPERS

protein solution in a Centricon-10YM concentrator (Amicon)
with the above buffer minus the glycerol.

The initial screening for crystallization was performed by
the hanging-drop mecthod over Linbro plates by using the
Crystal Screen kits I and II (Hampton Research) (Cudney
et al., 1994; Jancarik & Kim, 1991). The drop was made by
mixing 2 pl of protein solution and 2 pl of the precipitating
solution. Each well contained 750 ul of a precipitating
solution. Condition 13 of the Crystal Screen II kit
[30%(w/v) PEG 2000, 0.2 M ammonium sulfate, 0.1 M
sodium acetate (pH = 4.6)] and condition 22 of Crystal
Screen II [28%(w/v) PEG 6000, 0.2 M sodium acetate
trihydrate, 0.1 M Tris (pH = 8.5)] yielded single crystals at
room temperature. These crystals will be referred to as
form T and form II, respectively. Crystals of form I were
six-sided parallelepipeds that grew to a maximum of 1.0 X
08 x 0.5mm in 10-14d (Fig. 1) and diffracted 10 2.5 A
resolution at room temperature from X-rays generated from
a rotating anode. Attempts to optimize the growth of form
I crystals found successful crystallization conditions at 0.1-
0.2 M ammonium sulfate, 26-32%(w/v) PEG 2000 and 0.1 M
sodium acetate (pH = 4.0-5.0). The best conditions for
crystal growth were at 30%(w/v) PEG 2000, 0.2 M ammo-
nium sulfatc and 0.1 M sodium acetate (pH = 4.6). This
condition also acted as a stabilization buffer for crystal
storage, heavy-atom soaks, or crystal freezing. Form II
crystals were clongated octahedrons that grew to a
maximum of 0.8 x 0.3 x 0.3mm in 20-30d and diffracted
to 2.7 A resolution. Attempts 1o optimize crystal growth
found that protein concentration was a critical variable for
producing singlc crystals. Higher concentrations produced
needles and thin plates. Microseeding and lower protein
concentration (10 mg ml™") aided in producing single crys-
tals within 14 d. Unfortunately, crystal form II was fragile
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Fig. 2. Wilson plot for crystal form Ia with intensity data to 2.5 A
resolution. The intensity data are classified into three groups in
which the indexes of the reflections are / = 2n, I=2n + 1 and all .
Particularly at low resolution, the average of the amplitudes
squared, (F?), are noticeably weaker for those reflections with /
odd. This fact implies that two independent molecules are related
by pseudotranslational symmetry of about  of the unit-cell along
the ¢ axis.
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and tended to stick to the cover slip. Therefore, form I
crystals were preferred for derivative scarches.

X-ray diffraction data were collected on a San Diego
MultiWire (SDMW) X-ray dctector (Hamlin, 1985). The
intensities were integrated with software provided by SDMW
(Howard et al., 1985) and scaled with CCP4 (Collaborative
Computational Project, Number 4, 1994). The X-ray source
was Cu Ko from a Rigaku RU200 rotating anode operated at
40kV and 100 mA with a graphite monochromator and
0.3 mm collimator. Crystal form I diffracted to a resolution of
2.5 A at room temperature and was of an orthorhombic space
group with unit-cell dimensions a = 87.7, b = 120.5 and ¢ =
76.7 A. The data were 90% complete to 2.5 A resolution and
had an Ry, = 4.0%. Assuming a dimer per asymmetric unit, a
V,, value of 2.40 A’ Da™! was obtained (Matthews, 1968),
corresponding to a solvent content of 49%. Analysis of the
diffraction data showed the following systematic absences: h =
2n + 1 for hOO; k = 2n + 1 for 0kO and / = 2n + 1 for 00/,
satisfying the condition for space group P2,2,2,. In addition,
all of the reflections in the A0/ zone with | = 2n + 1 were
unobserved or very weak. Further analysis of the X-ray
diffraction data showed that all reflections with / = 2n + 1 were
weaker on average than reflections with / = 2n (Fig. 2). These
observations suggest that pseudo-translational symmetry
exists along the ¢ axis. Native Pattcrson maps calculated with
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Fig. 3. Packing diagrams to illustrate the phase change that occurs for
form I crystals of thiaminase I. This view is down the ¢ axis with the
b axis horizontal. (a) At room temperature (P2,2,2, cell, a = 87.7,
b =120.5, ¢=76.7 A). the non-crystallographic twofold axis is
parallel to the P2, axis along the ¢ axis direction. The separation
between non-crystallographic twofold and P2, screw axis is only
1.4 A. (b) At low temperature (P2,2,2 cell, a = 85.5, b= 117.5, ¢ =
36.6 A), the c axis is half the length of the room-temperature
crystal.
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various resolution limits showed a strong peak (half the height
of the origin) at (1, v, w) = (0.03, 0.00, 0.50). This arises from a
combination of P2,2,2, symmetry and a non-crystallographic
twofold axis that happens to be parallel to the ¢ axis. Thus,
there is a translational relation between the monomer of one
dimer and the monomer of a second, crystallographically
related dimer (Fig. 3).

Upon freezing form I crystals of thiaminase I for data
collection at the Cornell High Energy Synchrotron Source
(CHESS), the crystallographic symmetry appears to change
due to a displasive transformation. These X-ray diffraction
data were collected with a CCD detector (Walter et al., 1995),
were processed with the program HKL (Otwinowski & Minor,
1998), were 89% complete to 2.0 A resolution and had an
Rym of 6.0%. At the lower temperature, the unit-cell
remained orthorhombic, but the unit-cell dimensions became
a =85.5,b=1175 and ¢ = 36.6 A. Assuming a monomer per
asymmetric unit, a V,, value of 2.18 A’ Da~' was obtained,
corresponding to a solvent content of 44%. Compared with
the a and b axes from room-temperature crystal form I, the
respective a and b axes at lower temperature were 2.5%
smaller, and the c axis of the low-temperature crystal was half
the length of the c axis of the room-temperature crystal. Other
examples of a phase change in protein crystals show the
opposite phenomenon, where a cell axis is doubled upon
cooling the crystal (Love & Stroud, 1986; Ealick et al., 1984).
It appears that the phase change involved cell shrinkage and
the superposition of the non-crystallographic twofold axis
onto the P2, axis along c, resulting in a space group change
(Fig. 3). Phase transitions of this type are not uncommon for
inorganic materials, in which the high- and low-temperature
forms are related by disordering or displacive transitions
(Buerger, 1960). The room-temperature crystal form I and the
low-temperature crystal form I will be referred to as form Ia
and form Ib, respectively.

The third crystal form that was characterized (form II
crystals) diffracted to 2.7 A resolution at room temperature.
The space group was P2,2,2, with cell edges of a = 114.4, b =
123.1 and ¢ = 92.5 A. A complete native data set was collected
with a SDMW detector, as for the form Ia crystals. Assuming
three molecules per asymmetric unit, a V,, value of
258 A’Da”! was obtained, corresponding to a solvent
content of 52%. These crystals were unstable and difficult to
handle. Therefore, the search for heavy-atom derivatives will
be limited to form la crystals initially.

In addition to the atomic details for the mechanism of
thiamin degradation, the structure determination of the three
crystal forms will provide insight into protein packing inter-
actions and the phase change between the two temperatures.
Some potential derivatives of crystal form Ia have been found
for a structure solution by multiple isomorphous replacement.

CRYSTALLIZATION PAPERS

The structure solution of thiaminase-I form Ib crystals and
form II crystals will be solved by molecular replacement.
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