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A single point mutation changes the crystallization

behavior of Mycoplasma arthritidis-derived
mitogen

Mycoplasma arthritidis-derived mitogen (MAM) functions as a conventional
superantigen (SAg). Although recombinant MAM has been crystallized by the
hangmg drop vapour-diffusion method, the crystals diffracted poorly to only
5.0 A resolution, with large unit-cell parameters a = 163.8, b = 93.0, ¢ = 210.9 A,
B = 93.7° in the monoclinic space group P2,. Unit-cell content analysis revealed
that as many as 24 molecules could be present in the asymmetric unit. Systematic
alanine mutagenesis was applied in order to search for mutants that give crystals
of better quality. Two mutants, L50A and K201A, were crystallized under the
same conditions as wild-type MAM (MAM,,). Crystals of the LS0A mutant are
isomorphous with those of MAM,,, while a new crystal form was obtained for
the K201 mutant, belonging to the cubic space group P4,32 with unit-cell
parametersa =b = ¢ =181.9 A. Diffraction data were collected to 3.6 and 2.8 A
resolution from crystals of the MAM L50A and K201 A mutants, respectively.
Molecular-replacement calculations suggest the presence of two molecules in
the asymmetric unit for the MAM K201A mutant crystal, resulting in a Vy; of
5.0 A Da"! and a solvent content of 75%. An interpretable electron-density
map for the MAM K201A mutant crystal was produced using the molecular-
replacement method.

1. Introduction

Mycoplasma arthritidis-derived mitogen (MAM) is produced by
M. arthritidis, a natural pathogen of rodents (Cole, 1991). MAM
functions as a conventional superantigen (SAg). SAgs are function-
ally related immunoregulatory proteins that are generally produced
by bacteria and viruses (Kappler et al., 1988; Kotzin et al., 1993; Li et
al., 1999; White et al., 1989). Evidence has suggested that SAgs play
important roles in a number of human diseases, including food
poisoning, toxic shock syndrome and autoimmune diseases such as
multiple sclerosis and rheumatoid arthritis (RA) (Abe et al., 1992;
Conrad et al., 1994; Kotzin et al., 1993; McCormick et al., 2001; Renno
& Acha-Orbea, 1996).

As an SAg, MAM can induce a spontaneous chronic arthritis,
which resembles human RA, in genetically susceptible strains of
rodents (Cole & Atkin, 1991; Cole & Griffiths, 1993). Although
MAM, like other SAgs, interacts with T-cell receptors (TCRs) in a
V B-restricted fashion, the binding of MAM to TCR is influenced by
the CDR3 region of the TCR (Hodtsev et al, 1998). Thus, MAM
could represent a new type of ligand for TCRs, distinct from both
conventional peptide antigens and other known SAgs. In addition, we
recently determined the crystal structure of MAM cocrystallized with
its receptor, the HLA-DR1-HA complex (Zhao, Li, Drozd, Guo,
Mourad et al., 2004). MAM displays a three-dimensional structure
that is completely different from those of all other SAgs for which
structures have been solved. All the pyrogenic toxin SAgs from
Staphylococcus aureus and Streptococcus pyogenes have very similar
three-dimensional structures composed of a B-grasp motif and a
B-barrel (Li et al., 1999; Mitchell et al., 2000; Sundberg et al., 2002).
Yersinia pseudotuberculosis-derived mitogen, an enteric SAg, is
composed of a single domain with a nearly all S-sheet structure
showing a jelly roll-like topology (Donadini et al., 2004). In contrast,
MAM, when complexed with its receptor HLA-DR1-HA complex,
adopts a novel fold composed of two completely a-helical domains
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(Zhao, Li, Drozd, Guo, Mourad et al., 2004). It is currently not known
whether unliganded MAM has the same structure as it does in the
complex. Thus, it is of great interest to determine the three-
dimensional structure of apo MAM. This will allow us to address the
question of whether conformational changes are associated with
receptor binding. Here, we report the crystallization and preliminary
crystallographic analysis of wild-type MAM (MAM,,) and MAM
mutants.

2. Material and methods
2.1. Site-directed mutagenesis

Alanine-scanning mutagenesis was used to individually mutate
selected MAM residues at the interface of the crystallographic MAM
homodimer (Zhao, Li, Drozd, Guo, Mourad et al., 2004), as described
in Li er al. (2006). These residues included Leu50, His58, Argl54,
Argl92, Tyr193, Tyr194, Glu195, Asp197 and Lys201.

2.2. Expression and purification

Soluble MAM and MAM mutants were overexpressed in Escher-
ichia coli using the pGEX-6P-1 GST fusion protein-expression
system (GE Amersham Pharmacia) as described previously (Langlois
et al., 2000; Zhao, Li, Drozd, Guo, Stack et al., 2004).

2.3. Crystallization

Purified wild-type and mutant MAM molecules were concentrated
to about 10 mg ml~' using a Millipore stirred cell. Initial crystal-
lization conditions for MAM,, were established using Wizard Screens
I and II (Jena Bioscience). Crystals appeared in two conditions, Nos.
14 and 18 of Wizard Screen II, in which PEG 1000 and PEG 3000
were used as the precipitants, respectively. These conditions were
then further optimized. The best crystals were grown at room
temperature in hanging drops by mixing 2 pl protein solution with an
equal volume of reservoir solution containing 13-15% PEG 3350,
0.2 M NaCl, 5% ethanol glycol, 5% glycerol and 0.1 M potassium
sodium phosphate pH 6.2.

Microseeding was used to produce large crystals of MAM,,; as well
as to produce crystals in a form similar to that of the MAM K201A
mutant. After equilibration overnight, 0.5 pl of a stock solution of
crystal seeds was introduced into the drops. Prior to microseeding,
seed-stock solutions were produced by diluting crushed small crystals
in the crystallization buffer to various degrees. Alternatively, a streak
microseeding method was used. New crystals appeared within one
week and continued to grow for 2-3 weeks.

(a)
Figure 1

2.4. Data collection

Prior to data collection, all crystals were transferred to a cryo-
protectant solution (mother liquor supplemented with 25% glycerol)
and were flash-cooled in a nitrogen-gas stream. Diffraction data for
the MAM L50A and K201 A mutant crystals were collected at 100 K
at beamline X4A of the National Synchrotron Light Source (NSLS),
Brookhaven National Laboratory (BNL). Data were processed,
scaled and reduced using the HK12000 (Otwinowski & Minor, 1997)
and the CCP4 program suites (Collaborative Computational Project,
Number 4, 1994).

2.5. Molecular replacement

The Phaser program (McCoy et al., 2005) was used for molecular-
replacement (MR) calculations to determine the crystal structure of
the MAMg,0; 4 mutant. CNS v.1.0 (Briinger et al., 1998) was used for
structure refinement.

3. Results and discussion

Thin plate-shaped crystals of MAM,, were first observed from
condition Nos. 14 and 18 of Wizard Crystal Screen 11, using PEG 1000
and PEG 3000 used as the precipitant, respectively. After optimiza-
tion and microseeding, large crystals could be obtained with average
dimensions of 0.5 x 0.4 x 0.1 mm (Fig. 1a). However, these crystals
diffracted poorly, even when a synchrotron X-ray source was used.
These crystals belong to space group P2,, with relatively large unit-
cell parameters: a = 163.8, b = 93.0, ¢ = 210.9 A, B =93.7°. Given the
relatively small size of the protein (~25.5 kDa), the large unit-cell
parameters suggested that the MAM molecules can form oligomers
within the asymmetric unit of the crystal. Indeed, unit-cell content
analysis indicated that as many as 24 MAM molecules could be
present in the asymmetric unit of the crystal lattice, with a reasonable
Matthews coefficient (Vy; Matthews, 1968) of 2.7 ADa™! and a
solvent content of 54%. This may explain why the crystals diffracted
poorly. With so many molecules in the asymmetric unit, small defects
in molecular packing will become amplified, leading to poor crystal
packing. Thus, good diffraction could not be obtained.

We previously observed a crystallographic dimer of MAM mole-
cules when MAM was cocrystallized with its receptor, the HLA-
DRI1-HA complex (Zhao, Li, Drozd, Guo, Mourad et al., 2004). It is
possible that a similar MAM dimer is formed in the apo MAM,,
crystal and that multiple MAM dimers associate to form oligomers.
Despite extensive attempts to optimize the crystallization conditions,
these crystals still diffracted poorly.

In order to obtain crystals of high quality, we then chose to engi-
neer MAM mutants that were less likely to oligomerize. Nine amino

() (e)

Crystals of the wild-type MAM and two MAM alanine mutants (MAMyzo;4 and MAM 504). (a) Plate-shaped MAM,; (b) MAM| 504; (€) MAMi2g1a; (d) MAMioo14; (€)

MAM,, after seeding with the diamond-shaped MAMy,¢;4 crystals.
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Table 1
Data-collection statistics.

Values in parentheses are for the highest resolution shell.

Crystal MAM K201A MAM L50A

Space group . P4,32 P2,
Unit-cell parameters (A, °) a=b=c=1819 a=164.4,b=93.0,
¢=2115,8=935

Wavelength (A) 0.979 0.979
Resolution (A) 2.8 (2.9-2.8) 3.6 (3.7-3.6)
Redundancy 6.9 (5.4) 35(32)
Completeness (%) 95.9 (96.8) 97 (91.5)
Average Ilo(I) 9.6 (2.7) 16 (4.7)
Roym (%) 11.7 (69.2) 10.0 (35.8)

acids at the crystallographic dimer interface (Zhao, Li, Drozd, Guo,
Mourad et al., 2004), namely Leu50, His58, Argl54, Argl192, Tyr193,
Tyr194, Glul95, Aspl197 and Lys201, were selected for alanine
mutagenesis (Li et al., 2006). Of the nine mutants, five, L50A, R154A,
R192A, E195A and K201A, gave yields compatible to that for
MAMy,. Extensive crystallization conditions were searched for these
five MAM mutants.

Under very similar conditions, the L5S0A mutant gave crystals with
a form similar to that of MAM,, (Fig. 1b). Diffraction analysis
indicated that the LS0A crystals are indeed isomorphous to those of
MAM,,.. These LS0A crystals diffracted slightly better than the
MAM,,, crystals (Fig. 2a). A set of diffraction data was collected at
3.6 A resolution at the NSLS beamline X4A (Table 1). However,
using the coordinates of MAM,, in the MAM-HLA-DR1-HA
complex crystal as a search model, MR calculations using various
programs failed to generate any clear solution.

In contrast to the L50A mutant, the MAM K201A mutant
produced two distinct crystal forms in a single drop (Fig. 1c). The
clusters of plate-shaped crystals of MAMy,0; 4 are similar to those of
MAM,,, while the diamond-shaped crystals apparently represent a
new form for this molecule. Upon optimization, crystals of the latter

Figure 2
Diffraction images from crystals of (¢) MAM; 505 and (b) MAMgagia.

form could be easily maximized to dimensions of 0.4 x 0.4 x 0.3 mm
(Fig. 1d). These crystals belong to the cubic space group P4,32 or
P4332, with unit-cell parameters a = b = ¢ = 181.9 A. Therefore, each
asymmetric unit of the crystal lattice probably contains between one
and five MAMg,0a molecules. The V), values were accordingly
calculated to be in the range 9.8-2.0 A’Da™, corresponding to a
solvent content in the range 87-37%.

Encouraged by the new crystal form, we tried to grow MAM,,
crystals in the new form using the microseeding method. Small
diamond-shaped MAMy,14 crystals were crushed in the crystal-
lization mother liquor. The crushed crystal solution was diluted
1000-fold to 100 000-fold with crystallization mother liquor. Prior to
microseeding, the MAM,, crystallization trials were set up using 2 pl
protein solution mixed with 2 pl reservoir solution. After overnight
equilibration, 0.5 pl of the diluted microseed solution was introduced
into the crystallization drops. Small diamond-shaped MAMy, crystals
appeared along with the plate-shaped crystals in the same drop after
a week of incubation (Fig. 1e). Unfortunately, these diamond-shaped
MAM;, crystals could not be grown as large as the MAMgogia
crystals. Although these diamond-shaped MAM,,, crystals were not
of a suitable size for X-ray analysis, we expect that they are
isomorphous with the diamond-shaped MAMgy,o;4 crystals.

The MAMck,o14 crystals diffracted much better than the plate-
shaped crystals of MAM,,, and MAM| 5o, (Fig. 2b). Diffraction data
were measured to 2.8 A resolution for the MAMis014 Crystals at the
NSLS X4A beamline (Table 1). With the crystal structure of MAM in
the MAM-HLA-DR1-HA complex (Zhao, Li, Drozd, Guo, Mourad
et al., 2004) as a search model, MR calculations for the MAM K201A
with the program Phaser (McCoy et al., 2005) failed to generate a
clear solution. The MAM model was therefore divided into two
independent domains, with various truncations at the N- and
C-termini and some flexible loop regions. These domains were indi-
vidually subjected to MR calculations. Using this strategy, we
obtained a clear solution in space group P4,32 only when we used a

(b)
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model composed of the N-terminal 39-125 amino acids combined
with a model including the C-terminal amino acids 128-168 and 178-
196 in MR calculations. Cross-rotation and translation-function
calculations confirmed that two MAM molecules are present in an
asymmetric unit cell, which would indicate that the solvent content in
the crystal is 75%, with a V) of 5.0 A’ Da™'. With the best MR
solution, one cycle of rigid-body refinement with CNS v.1.0 (Briinger
et al., 1998) generated an Ry, of 42% and an Ry of 39% for all
K201A data between 100 A and 2.8 A resolution. Structure refine-
ment is currently in progress.
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