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Supplementary Fig. 1. A proportion of exosporium crystal fragments are
solubilised and broken into small spheroidal particles after SDS treatment.

Small ‘spheroidal particles’ 10 — 45 nm in dimension plus some small crystalline fragments
that do not pellet during centrifugation are observed in the soluble fraction after incubation of
B. cereus 10876 exosporium crystals with 1% SDS and analysis by negative stain electron
microscopy. Scale bar, 100 nm.



Supplementary Fig. 2. Electron micrograph and computed Fourier transform
(inset) of heterologously expressed B. cereus CotY crystal extracted from E.
coli.

Crystals with well-defined diffraction spots were rare in comparison to heterologously
overexpression ExsY. Unit cell parameters for CotY showed a = b =~ 80 A, © ~ 120°.
(Scale bars, 100 nm in micrograph and 0.3 nm™ inset).



Supplementary Fig. 3. Treatment of 2Hise-ExsY with urea, SDS, DTT and
heating yielded large non-crystalline aggregates and small globular particles.

(A) Large amorphous aggregates and small globular particles were found after treatment
with 8M urea, 2% SDS, 2 M DTT and 95° C heating for 20 minutes. (B) Computer Fourier
transform of (A) indicates the loss of an ordered lattice. Scale bar, 100 nm.



Supplementary Table 1. The internal phase residuals determined after the
imposition of all allowed two-sided plane groups calculated from one of the
micrographs of ExsY crystals.

Target residual

Two sided . o based on
Phase residual (°) Number of statistics taking

plane group ° .
(90° random) Comparisons Friedel weight
into account (°)

p1 14.0 48
p2 21.2 24 20.0
p3 8.2* 48 14.0
p312 36.2 102 14.4
p321 27.3 105 14.5
p6 14.4* 120 15.2
p622 38.9 231 14.6

Internal phase residuals were determined from spots of 1Q1-1Q5 to 20 A resolution
(Crowther et al., 1996, Valpuesta et al., 1994). The values marked with * are acceptable
candidates for the symmetry as the experimental phase residual is better than that expected,
based on the signal-to-noise ratio.



Supplementary Table 2. The internal phase residuals determined after the
imposition of all allowed two-sided plane groups calculated from one of the
micrographs of B. thuringiensis 4D11 exosporium crystals.

Target residual
Two sided Phase residual (°) Numbgr of stat?satsigg t:':(ing
plane group (90° random) Comparisons Friedel weight
into account (°)
p1 23.1 32
p2 25.5* 16 33.6
p3 7.6* 30 23.1
p312 14.4* 60 24.2
p321 8.1* 61 24.3
p6 17.2* 32 25.3
p622 16.4* 137 24 .4

Internal phase residuals were determined from spots of 1Q1-1Q5 to 20 A resolution
(Crowther et al., 1996, Valpuesta et al., 1994). The values marked with * are acceptable
candidates for the symmetry as the experimental phase residual is better than that expected,
based on the signal-to-noise ratio.



Supplementary Fig. 4. Projection maps of B. cereus ATCC 10876 exosporium,
B. thuringiensis 4D11 exosporium and ExsY self-assembling crystal.
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Averaged greyscale projection map of negatively stained (A) B. cereus ATCC 10876
exosporium, (B) B. thuringiensis 4D11 exosporium and (C) ExsY self-assembled crystal. All

projection maps have sixfold (p6) symmetry enforced. Light regions indicate stain-excluding
i.e. proteinaceous regions. Scale bars, ~40 A.



Supplementary Fig. 5. Amplitude and phase variation along z* for selected h, k
values for ExsY crystals. p6 symmetry was imposed.

LIl
LIl

yyyyyyy

l

aaaaaa

nnnnn

uuuuuu

ANGSTRONS

LT
I
|

STTTTTIT

|

Lattice lines showing the phase variation along the z* axis in ° (top panels) and amplitude
variation in arbitrary units (lower panels). Horizontal axis displays reciprocal distance from
the origin of the lattice line. Standard error of fitted amplitude and phase values is
represented in the error bars.



Supplementary Fig. 6. Amplitude and phase variation along z* for selected h, k
values for B. thuringiensis 4D11 exosporium crystals. p6 symmetry was
imposed.
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Lattice lines showing the phase variation along the z* axis in ° (top panels) and amplitude
variation in arbitrary units (lower panels). Horizontal axis displays reciprocal distance from
the origin of the lattice line. Standard error of fitted amplitude and phase values is
represented in the error bars.



Supplementary Methods

Endospore preparation. Vegetative cells were grown in nutrient broth and spores prepared
using CCY media as previously described (Todd ef al., 2003, Stewart et al., 1981). Spores
were harvested when the culture contained >95% free spores followed by 10 washes in
sterile ice-cold water to remove debris and vegetative cells. Washed spore pellets were
resuspended in 50 mM Tris-HCI, 0.5 mM EDTA pH 7.5 at 20-50 mg ml™ dry weight, and

stored at -20 °C.

Isolation of exosporium fragments. Exosporium fragments were isolated using the French
press method (‘unwashed’) and washed with salt and detergent buffers (‘fully washed’) as
described by Terry et al., (2011). The unwashed exosporium was first washed in TEP buffer
(50 mM Tris-HCI pH 7.2, 10 mM EDTA, 1 mM PMSF) containing 0.5 M KCI and 1% (v/v)
glycerol. 1 M NaCl was used in the second wash followed by TEP buffer containing 0.1%
(w/v) SDS. TEP buffer was used as the final wash. The exosporium was recovered after
each wash step by ultracentrifugation at 145,000 x g for 2 hours. B. thuringiensis 4D11
exosporium used for image processing was isolated from spores grown with gentle agitation
and sonicated to remove the exosporium. Protein concentration was determined using a

BCA™ Protein Assay Kit (Pierce).

SDS-PAGE and western blotting. Exosporium proteins were resuspended in solubilisation
buffer (50 mM CHES pH 9.8, 8 M urea, 2% SDS, 200 mM DTT) and incubated at 90 °C for
20 minutes to disrupt exosporium complexes for separation by SDS-PAGE and western
blotting as previously described (Terry et al., 2011) using 10% NuPAGE 1 mm Bis-Tris pre-

cast gels (Invitrogen).

Mouse monoclonal anti-BclA antibodies (Terry et al., 2011) were used at a concentration of

2 ug ml”. Rabbit polyclonal anti-CotE antibodies (Giorno et al., 2007) were used at a
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concentration of 5 pg ml”. Rabbit polyclonal anti-ExsK antibodies (Severson et al., 2009)
were used at a final concentration of 6 ug ml™". Polyclonal anti-ExsFA antibodies (Sylvestre
et al., 2005) were used at a concentration of 1/2000. We used as negative controls either
mouse anti-human B cell CD23 IgG primary antibodies (Dako) or anti-Goat 1gG whole
molecule produced in rabbit (Sigma-Aldrich). Polyclonal antibody preparations were cleaned
using an Immobilized E. coli Lysate Kit (Thermo Scientific) to remove any contaminating

anti-E. coli antibodies.

Expression and purification of ExsY crystals. One Shot® TOP10 Electrocomp™ E. coli
(Invitrogen™) was used to maintain all plasmids used in this study. The exsY gene from B.
cereus ATCC 10876, with the last two amino acids deleted (V153 and K154) to replicate the
exsY gene from B. anthracis, was cloned into Ndel- and Xhol- digested pET28a, generating
both N- and C-terminal poly-histidine tags and a construct with tags at both termini (2Hise-
ExsY). An untagged exsY construct was produced by cloning into Ndel-Xhol digested
pCOLADuet-1 vector. ExsY protein over-expression was carried out in E. coli strain
BL21(DE3)pLysS and grown in LB media containing the appropriate antibiotic marker. Cells
were grown at 37 °C with vigorous shaking until an ODgg of 0.6 before inducing with 1 mM
IPTG for 4 hours and collected by centrifugation. Cells were resuspended in urea buffer (8 M
urea, 150 mM NaCl, 25 mM Tris-HCI, pH 8.0) and disrupted by sonication. Crystals of his-
tagged ExsY were collected by batch purification using NINTA Agarose beads (Qiagen) and
eluted using 300 mM imidazole in urea buffer. Crystals were isolated by ultracentrifugation of

eluate at 39,000 x g and resuspended in urea buffer.

Electron microscopy. 5 pl of spores at a concentration of ~ 4 mg ml" and 3 pl of
exosporium at ~ 0.6 mg ml”" were loaded onto carbon coated grids and stained with 0.75 %
uranyl formate as previously described (Ball et al., 2008). Samples were examined on a
Phillips CM100 transmission electron microscope at an accelerating voltage of 100 kV.

Digital images were collected on a 1K x 1K Gatan Multiscan 794 CCD camera. Fragments of
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exosporium or 2D protein crystals were examined as above. Electron micrographs were
recorded at a magnification of ~52,000 X and at ~400 nm underfocus. A total of 51 images
of ExsY crystals and 70 images of B. thuringiensis 4D11 exosporium, were collected for

processing. The specimen tilt ranged from -50° to +50°.
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