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S| Material and Methods

Bacterial Strains and Culture Conditions. The strains used in this study
were B. subitlis NCBI3610, a prototrophic strain for our laboratory
collection (1), and derivative mutants SSB488 (epsA-O::tet) (2),
CAO017 (tasA::kan) (3), SSB572 (epsA-O::tet tasA::spc) (2), DS92
(sinR::spc) (4), and SSB551 (sinR::spc epsA-O::tet). Luria—Bertani
(LB) broth was: 1% tryptone (Difco), 0.5% yeast extract (Difco),
0.5% NaCl. MSgg broth: 100 mM morpholinepropane sulphonic
acid (Mops) (pH 7), 0.5% glycerol, 0.5% glutamate, 5 mM potas-
sium phosphate (pH 7), 50 pg/mL tryptophan, 50 pg/mL phenyl-
alanine, 2 mM MgCl,, 700 pM CaCl,, 50 pM FeCls, 50 pM MnCl,,
2 puM thiamine, 1 pM ZnCl, (1). MOLP broth was prepared as
described. (5). Congo Red indicator plates were MSgg agar and
YESCA-agar containing 20 pg/mL Congo Red and 10 pg/mL
Coomassie Brilliant Blue G (6). Media were solidified through ad-
dition of agar to 1.5%.

Antibiotic concentrations (final) were MLS (1 pg/mL eryth-
romycin, 25 pg/mL lincomycin); spectinomycin (100 pg/mL); tetra-
cycline (500 pg/mL for broth, 10 pg/mL for agar); chloramphenicol
(5 pg/mL); and kanamycin (10 pg/mL).

Assays for Colony and Pellicle Formation and Extracellular Comple-
mentation. Bacteria were grown in LB broth to an ODgg of 1.0.
For colony architecture analyses, 3 pL of starting culture were
spotted onto agar plates and incubated at 30 °C for 42-120 h, as
indicated. For pellicle formation analysis, 12 pL of starting culture
were added to 4 mL or 1 mL of MSgg or MOLP broth in a 6- or
24-well microtiter dish, respectively, and the dishes were in-
cubated without agitation at 30 °C for 60 h. To test extracellular
complementation, starting cultures were mixed with protein sol-
utions and the mixtures were used to form pellicles, as described
above. To test the ability of bacteria growing in colony to bind
Congo Red, 3 pL of starting cultures were spotted in CR indicator
agar, and the plates were incubated at 30 °C for 72 h.

Protein Expression and Purification. TasA was directly purified from
the B. subtilis double mutant strain sinR eps. To this end, cells
were grown in MSgg broth at 37 °C for 20 h. The culture was
centrifuged at 10,000 x g for 15 min and the pellet containing the
cells was extracted twice with saline extraction buffer [5 mM
potassium phosphate (pH 7), 2 mM MgCl,, 100 mM morpholi-
nepropane sulphonic acid (Mops) (pH 7) and 1 M NaCl] sup-
plemented with a protease inhibitor mixture (Complete; Roche).
After centrifugation for 15 min at 10,000 x g, the supernatant
was separated from the cells and clarified by filtration through a
0.4 pm polyethersulfone bottle-top filter. This crude extract was
treated with a 30% ammonium sulfate solution at 4 °C and
centrifuged at 20,000 x g for 10 min. The supernatant containing
TasA was further purified using a HiL.oad_26/60 Superdex S200
column (Pharmacia Biotech), equilibrated in 50 mM NacCl, 20
mM Tris (pH 7) buffer. Different fractions were collected,
concentrated in amycon centrifugal filter devices (Millipore),
and analyzed by SDS/PAGE for the presence of TasA. TasA was
purified to homogeneity by this approach as evidenced by a
single band on SDS/PAGE stained by Coomassie blue. The
identity and integrity of the protein was checked by N-terminal
sequencing (Edman degradation) and ESI-MS-MS analysis of
the peptides obtained after trypsin digestion. The concentration
of the purified protein was determined by the Bincichoninic Acid
(BCA) Protein Assay (Pierce, Thermo Scientific) using BSA as a
standard.
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Molecular Weight Estimation. The molecular weight of TasA before
and after treatment with formic acid was estimated using a
Superdex-200 HR 10/30 column with an AKTA explorer FPLC
system (Amersham Biosciences). The column was equilibrated
with 20 mM Tris, 50 mM NaCl buffer, pH 7.5. The molecular
weight of the eluted protein was estimated by a calibration curve
prepared using the elution times measured for standards (Bio-
Rad) ranging from 1.35 to 670 kDa [thyroglobulin (670 kDa),
y-globulin (158 kDa), albumin (67 kDa), ovalbumin (44 kDa),
myoglobin (17 kDa), and vitamin B12 (1.35 kDa)].

Immunoblot and Dot-Blot Analyses. For whole-culture (cells plus
culture medium) immunoblot analysis, samples were taken from
MSgg cultures at intervals, adjusted to equal cell numbers using
OD600nm, and mixed with 2x SDS loading buffer before boiling
for 5 min and SDS/PAGE analysis. In fractionation studies, the
supernatants were TCA precipitated, the pellet washed twice in
cold acetone and after complete evaporation the residue sus-
pended in 1x SDS loading buffer. Samples were electrophoresed
on a 12% SDS-polyacrylamide gel and blotted onto poly-
vinylidene difluoride membrane using standard techniques. Blots
were probed with anti-TasA polyclonal antibody that was raised
in rabbits against purified TasA (7) and used at a dilution of
1:20,000, or anti-sigmaA, (a gift from D. Rudner, Harvard
Medical School, Boston, MA) used at a dilution of 1:10,000. For
dot-blot analyses, TasA samples were spotted onto 0.4-pm Hy-
bond-C, Nitrocellulose membranes (Amersham Life Science)
and allowed to dry for 5 min. The membranes were blocked in
10% skim milk in TBST (20 mM Tris, 137 mM NaCl, and 0.01%
Tween 20). The dot blots were washed three times in TBST and
incubated with a 1:10,000 dilution of All primary antibody
(Invitrogen). A secondary anti-rabbit IgG antibody conjugated to
horseradish peroxidase (Sigma) was used at a dilution of
1:20,000. The blots were developed using the Pierce super signal
detection system according to manufacturer’s instructions
(Pierce, Thermo Scientific).

Congo-Red and Thioflavin T Assays. Protein solutions were incu-
bated in a 20 uM solution of Congo Red prepared in 10 mM Tris
(pH 7.4) and 100 mM NaCl, for 20 min before spectrophoto-
metric analysis (8, 9). Absorption spectra were acquired using a
Cary 1Bio UV/visible spectrophotometer (Spectra Max M2,
Molecular Devices) at 25 °C and a scan rate of 300 nm/min. For
all samples, spectra of corresponding solutions without Congo
Red were used as blanks.

Thioflavin T assay was carried out in a 96-well microtiter plate
as previously described (10). Purified TasA (40 pg) was mixed
with 20 pM Tht solution in a final volume of 200 pL. The fluo-
rescence measurements were done with a Cary 1Bio UV/visible
spectrophotometer (Spectra Max M2; Molecular Devices) fluo-
rescence plate reader set up at 438-nm excitation and 495-nm
emission with a 475-nm cutoff.

CD Spectroscopy. CD spectra were recorded at 25 °C on an Aviv
62DS spectropolarimeter equipped with a thermoelectric tem-
perature controller. Samples of purified TasA were prepared in
10 mM phosphate buffer, pH 7.4. Spectra representing the
average of five scans from 260 to 195 nm were measured in a 1-
mm path length cuvettete, using a step size of 1 nm and a 3-s
signal-averaging time. All spectra were corrected for the base
line obtained with the buffer alone (11).

10f4


www.pnas.org/cgi/content/short/0910560107

L T

/

1\

BN AS  DNAS P

In Vitro Polymerization Assay. Freshly purified TasA was depoly-
merized by short (1 min) or long (5 min) treatment with 10%
formic acid solution. After the treatment, formic acid was elimi-
nated by evaporation in a speed-vac at 30 °C. The remaining
product containing TasA was resuspended in 50 mM NaCl,
20 mM Tris (pH 7) buffer and incubated at room temperature.
Samples were taken at different time intervals and mixed with
20 pM Thioflavin T for fluorescence analyses, as described above.

Transmission Electron Microscopy and Immunolabeling. Samples
were diluted with distilled water and adsorbed onto a carbon or
formvar/carbon coated grid. The grid surface was made hydro-
philic before use with glow discharge in a vacuum evaporator.
Once the specimen was adsorbed onto the film surface, the excess
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sample was blotted off on a filter paper (Whatman #1) and the
grid was floated on 5 pL of stain solution (1-2% aqueous uranyl
acetate) for a few minutes and then blotted off. The samples
were dried and examined in a Tecnai G* Spirit BioTWIN mi-
croscope at an accelerating voltage of 80 KV. Images were taken
with an AMT 2k CCD camera.

For immunolocalization of TasA, diluted samples on nickel
grids were floated on blocking buffer consisting of 1% nonfat dry
milk in PBS with 0.1% Tween 20 for 30 min, incubated for 2 h with
anti-TasA primary antibody diluted 1:150 in blocking buffer, rinsed
in PBST, exposed to goat-anti-rabbit 20-nm gold secondary
antibody (Ted Pella, Inc.) for 1 h, and rinsed. All grids were stained
with uranyl acetate and lead citrate and viewed as described above.

7. Stover AG, Driks A (1999) Secretion, localization, and antibacterial activity
of TasA, a Bacillus subtilis spore-associated protein. J Bacteriol 181:
1664-1672.
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Preparation of TasA extracts from a B. subtilis sinR eps mutant. (A) Kinetics of TasA production in cultures grown in MSgg. Top is an anti-TasA

Fig. S1.

immunoblot of culture fractions (cells and medium) harvested at the corresponding times on the growth curve shown below. (B) Inmunoblot of 20-h cultures
showed most of the TasA associated with cells (Left). Most of the cell-associated TasA is released from the cells by treatment 1 M NaCl.
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Fig. S2. Purification of TasA. (A) Protein elution profile from a HiLoad_26/60 Superdex S200 size exclusion column. TasA eluted mostly in the void fraction (1)
and only a small fraction eluted after 200 mL (2). Insets show purity of TasA by SDS-page (Left) and immunoblot analysis using anti-TasA antibody (Right). Lane
M, molecular marker. Molecular masses are indicated in kilodaltons. (B) Inmunogold-EM micrographs of fraction 1 (void volume) containing TasA polymerized
in the form of long fibrils. (Scale bar, 500 nm.)
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Fig. S3. Secondary structural changes of TasA on treatment with formic acid. Comparison of CD spectra of purified TasA in the form of fibers (®) and after 1-
min treatment with 10% formic acid ((J) in 10 mM phosphate buffer, pH 7.4.

Romero et al. www.pnas.org/cgi/content/short/0910560107 30of4


www.pnas.org/cgi/content/short/0910560107

PNAS

Fluorescence (a.u.)

Fluorescence (a.u.)

A
3000
2500
2000 41 min
1500 A5 min
10 min
1000
500
0 T T )
0 10 20 30 40
Time (h)
B
1000 1

0+ T T T T T T T

0 10 20 30 40 50 60 70
Time (h)

Fig. S4. Repolymerization of TasA in vitro. (A) Comparison of polymerization of TasA after 1-min (4p), 5-min (H), or 10-min (®) treatment with 10% formic acid.
After evaporation of formic acid, the repolymerization was followed by the Thioflavin T assay. (B) Purified TasA treated for 10 min (®) with 10% formic acid.
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