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Immunological Analysis of Antigenic Variation of Bacillus
thuringiensis subsp. sotto during Sporulation and Crystallization
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The antigenic variation of B. thuringiensis subsp. sotto have been investigated for 120 hours during sporu-
lation and crystallization by using SDS-PAGE and Western blot. Most antigens of a vegetative cell were
found to disappear as it was in sporulation and crystallization, but protein antigens of 46, 29, 27,and 21 kDa
continued to be expressed. The new protein bands of 293, 138, 119, 75, and 68 kDa appeared on days 2
through 5 in modified GYS medium. They were thought to be involved in sporulation and crystallization.
The protein of 138 kDa was found to be a major protein of both crystal and spore. The expression patterns
were immunologically analyzed by Western blot. The polyclonal antisera against the intact crystal showed
strong immunoreactivity to proteins with molecular masses of 293, 138, 68, and 46 kDa. The polyclonal an-
tisera against the spore recognized proteins of 293, 138, 68, and 46 kDa. Both crystals and spores appeared

to express the common protein antigens.

Bacillus thuringiensis is a rod shaped, gram-po-
sitive soil, sporeforming bacterium which produces
crystalline inclusions containing one or more pro-
teinaceous insecticidal crystal proteins (ICPs) (17). It
is an economically important microbial insecticide
which differs from most other spore formers by syn-
thesizing a discrete crystal in addition to the en-
dospore (11). The sequence of events during spore de-
velopment of B. thuringiensis is not different from
those in related bacillit4). An ovoid inclusion de-
veloped simultaneously into the crystal. More than
one crystal can develop within a cell, but only one
ovoid inclusion per sporangium is observed (1). The
crystal is synthesized from amino acids formed by
protein turnover within the observation so that crystal
antigen is not found in the cell prior to sporulation
(12). Vegetative cells are atoxic and although a small
amount of toxic protein antigenically related to the
crystal can be detected in the particulate fraction of a
vegetative cell homogenate (10), there is good sero-
logical and biochemical evidence as given below
that crystals are not formed by simple crystallization
of a protein present in the vegetative cell or by as-
sembly of a portion of the crystal formed in the vege-
tative phase and another part formed during sporu-

lation (12). Incorporation of radicactive amino acids

into crystal protein is the greatest during stages Il and
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IV of sporulation (6,9, 12, 15,).

Many studies about sporulation of B. thuringiensis
have proceeded, but little is known about antigenic
variation during sporulation and antigenic differences
between sporulation and crystallization. This study
was performed to investigate the antigenic variation
of B. thuringiensis subsp. sotto during sporulation
and crystallization by using SDS-PAGE and Western
blot.

MATERIALS AND METHODS

Bacterial Strains

Bacillus thuringiensis subsp. sotto were obtained
by the Institute of Genetic Engineering, Konkuk Univ-
ersity.

Cultural Conditions

The bacterial cultures were grown in nutrient broth
(NB; Difco, Detroit, Michigan, U.S.A.) medium at
28°C for 18 hours and shaken at 150 rpm to give
aeration. Midexponential cells were transferred two
times in the NB medium maintained at 28°C tc ob-
tain the synchronously dividing cells. And then, the
10 ml culture of NB medium was used to inoculate
and the bacteria were grown in 250 ml modified Glu-
cose Yeast Salt (GYS) medium contained in a 500 ml
Erlenmeyer flask by rotary agitation at 150 rpm. The
cultures were incubated over 72 hours until the
sporangia had lysed and released free spores and cry-
stals. Sporulation was monitored by phase-contrast
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microscopy (Olympus, Japan). After sporulation, the
cultures were harvested by centrifugation at 3,000x g
for 20 min, and the precipitate was washed three
times with phosphate-buffered saline (PBS: pH 7.4).

Separation of Insecticidal Crystal Proteins and Spores

The crystals were separated from the spores by a
discontinuous density gradient of 50, 65, 70, 75 and
80% (wt/vol) sucrose. After the spore-crystal suspen-
sion was layered on top of the gradient (30 ml), it
was centrifuged at 100,000Xx g for 2 hours. The cry-
stal bands were harvested with a Pasteur pipette and
washed by centrifugation at 20,000xg for 20 min
‘with distilled water. The purified crystal was stored at
-20°C until used.

Preparation of Lysates at Various Times after the
Onset of Sporulation and Crystallization

At 24, 48, 72, 96 and 120 hours after the onset of
sporulation and crystallization, 50 ml cultures in modi-
fied GYS media were taken out and harvested by cen-
trifugation at 3,000x g for 20 min, and the precipitate
was washed three times with phosphate-buffered sa-
line (PBS: pH 7.4). After centrifugation of cultures, the
suspended pellets were disrupted by ultrasonicator
(Braun-sonic 1510, South Sanfrancisco, CA., U.S.A.)
at an interval of 30 sec between bursts for cooling.

Preparation of Inmunogens

Crystal proteins: The cultures of B. thuringiensis
subsp. sotto were grown in modified GYS media at
28°C over 72 hours until the sporulation and were
harvested by centrifugation at 3,000xg for 20 min.
The pellet washed three times with PBS. The crystal
proteins were separated from the pellet by a sucrose
density gradient centrifugation. They were quantified
by Bicinchoninic (BCA)} assay (Pierce, Rockford, lil.,
U.S.A). Intact crystal proteins were used as im-
munogens, which was stored at -20°C until used.

Spore: The spores were separated by same method
used in crystal proteins separation. The number of
spores was counted by Pour Plate Counting Method
after being centrifuged with being washed three times
with PBS and diluted by Limit Dilution Method. The
10°® spores were used as immunogens.

Lysates obtained in modified GYS medium: The
lysates of B. thuringiensis subsp. sotto were produced
in modified GYS media at 28°C over 72 hours and
were harvested by centrifugation at 3,000x g for 20
min. The pellet washed three times with PBS. The
spores among the suspended pellet was counted by
Pour Plate Counting Method. Since Since the crystals
and spores were both refractile and of roughly equal
size, the quantities of the crystal were equally re-
garded as those of the spores (2). 5x 10 spores were
used as immunogens.
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Production of Polyclonal Antibodies

Each female BALB/c mouse (6 weeks old) was im-
munized twice with crystal proteins, spores, lysates
obtained in modified GYS medium, and vegetative
cells of B. thuringiensis subsp. sotto. Each antigen
was emulsified with an equal volume of Freund's
complete adjuvant (Gibco, Inc, Grand Island, N. Y.,
U.S.A)), which formed a deposit protecting the an-
tigen from rapid catabolism and stimulated the im-
mune response non-specifically (7), and 500 pl of the
emulsion was injected intraperitoneally into the
mouse. The mice were boosted intraperitoneally with
500 ul of the same preparation in Freund's in-
complete adjuvant (Gibco) after 21 days on primary
injection. Ten days after secondary injection, the
mice were sacrified and their blood was obtained.
The blood was centrifuged at 1,000x g for 3 min and
subsequently centrifuged at 15,000 g for 5 min. The
supernatant was used as polyclonal antisera, which
was stored at 4°C until used.

SDS-PAGE Analysis

Sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) was carried out by the modi-
fication of the Laemmli method {1970) in 10% separa-
tion gel and 5% stacking gel using a micro slab gel
electrophoresis system (SE 250-Might Small Il, Hoefer,
U.S.A.). Antigens of crystal, spore and vegetative cell
were dissolved in 60 mM Tris/HCI buffer (pH 6.8)
containing 2% (wA) SDS, 25% (v/v) glycerol, 14.4
mM  2-mercaptoethanol, and 0.1% bromophenol
blue by heating at 100°C for 7 min. After elec-
trophoresis, the gels were used for Western transfer,
or stained for 20 min in 0.1% Coomassie blue R-250
{Sigma, St. Louis, U.S.A.) in methanol-acetic acid-water
{9:2:9 vAW/V) and destained against several changes of
methanol-acetic acid-water (1:1:8 vA/). The standard
molecular markers (Bio-Rad, Richmond, CA., U.S.A))
used were myosin (200 kDa), B-galactosidase (116 kDa),
rabbit muscle phosphrylase B (97.4 kDa), bovine serum
albumin (66 kDa), hen egg white ovalbumin (45 kDa),
bovine carbonic anhydrase (31 kDa), soybean trypsin in-
hibitor (21.5 kDa), hen egg white lysozyme (14.5 kDa)
and bovine pancreases apotinin (6.5 kDa).

Immunoblot Analysis

After electrophoresis, proteins were transferred to
nitrocellulose sheets using an electro blotter (Hoefer,
Sanfrancisco, CA., U.S.A.) as described by Towbin
(1979). The buffer was 15.6 mM Tris (Sigma, St. Louis,
U.S.A., pH 8.3) with a constant current applied for 90
min at 4°C. The gel was stained with Amido black
(Sigma, St. Louis, U.S.A.) to confirm complete transfer
of the proteins. The nitrocellulose was blocked with
3% BSA in Tris buffered saline (TBS; 10 mM Trizma
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base, 150 mM NaCl, pH 7.5) for 2 hours at 37°C and
washed three times with TBS. The nitrocellulose was
incubated for 1 hour at 37°C with polyclonal an-
tibodies diluted to 1:1000 in 0.5% (w/v) BSA/TBS.
Horse radish peroxidase conjugated to goat anti-
mouse 1gG+igM (Jackson Iimmuno-Research Lab, inc.,
West Grove, Pa., U.S.A.) was diluted to 1:1000 in
0.5% (w/v) BSA/TBS and incubated with the blots for
1 hour at 37°C. Following each step, unbound rea-
gents were removed with TBS by three washes for 30
min. The blots were finally treated for 10 to 30 min at
room temperature with a substrate solution consisting
of 30 mg/ml chloronaphtol, 10 ml methanol, and 30
ut H,0, (30%) in 50 ml TBS. The developed blots
were washed with distilled water and photographed.

RESULTS AND DISCUSSION

Separation of Crystal Proteins and Spores

One of the most striking aspects of Bacillus thurin-
giensis sporogenesis is the synthesis of the in-
secticidal crystal protein. Their synthesis depends on
the ability of the cell to sporulate and on growth con-
ditions which permit sporulation (14). A band of
bright, reflective crystal proteins was formed at the in-
terface of the 65 and 70% sucrose in relatively pure
state with few spores. Other band of spores was form-
ed from the interface of the 75 and 80% sucrose to
the pellet (not shown). The crystal and the spore were
judged by phase-contrast microscopy (Fig. 1). The cry-
stal shape of B. thuringiensis subsp. sotto was bi-
pyramidal.

SDS-PAGE Analysis

The new protein bands of 293, 138, 119, 75, and
68 kDa were found to appear after 24 hours during
sporulation and crystallization. After 24 hours an-

Fig. 1. Phase-contrast photograph (x1,980) of crystals (A)
and spores (B) of B. thuringiensis subsp. sotto by 50~80%
sucrose density gradient centrifugation.
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tigenic patterns were not changed (Fig. 2) because
sporulation and crystallization ended entirely after 13
hours (1). Other cellular proteins became extensively
degraded into small fragments after sporulation (Fig.
2; Lane 6), probably by various cellular proteases that
commonly appear in bacilli during sporulation. Be-
chtel and Buila (1976) described that the parasporal
crystal of B. thuringiensis was observed first during en-
gulfment (stage 11, 8 hours) and possessed crystal lat-
tice fringes at this early stage of development. The
crystal was almost full-sized by the time the ex-
osporium appears (stage IV, 9 hours). An ovoid in-
clusion developed simultaneously to crystal ap-
pearance. Both the parasporal crystal and ovoid in-
clusion were not consistently associated with a spec-
ific structure. The crystal was not connected to meso-
somes or to membranes of the incipient forespore or
exosporium {6). The parasporal crystal and forespore
were always separated by cytoplasm (1). The com-
ponents of the crystal protein and the spore account
for most of the proteins that were synthesized after
vegetative proliferation and during sporulation. The
protein antigens of 46, 29, 27, and 21 kDa of vege-
tative cell continued to be expressed throughout all
the stages of development. According to Luethy et al.
{1975), a small amount of toxic protein antigenically
related to the crystal could be detected in the par-
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Fig. 2. SDS-PAGE analysis of B. thuringiensis subsp. sotto
antigens during sporulation and crystallization.

SDS-PAGE was carried out in 10% separating gel and 5% stacking gel
using a micro slab gel electrophoresis system. The gel was stained with
Coomassie blue R-250 for 40 min, and then destained at 18 hours.
Lanes: 1, Standard molecular markers; 2, Vegetative cell grown in nu-
trient broth medium; 3, Lysates obtained in modified GYS medium after
24 hours; 4, after 48 hours; 5, after 72 hours; 6, after 96 hours; 7, after
120 hours.
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Fig. 3. Western blot analysis of antigens using polyclonal
antisera against crystals (A), spores (B), and lysates (C) ob-
tained in modified GYS medium.

After SDS-PAGE, proteins were transferred to nitrocellulose sheets us-
ing an electro blotter. Polyclonal antisera were diluted to 1:1,000 in
0.5% (w/v) BSA/TBS sblution. Horse radish peroxidase conjugated
goat anti-mouse 1gG+IgM was diluted to 1:4,000 in 0.5% (w/v) BSA/
TBS. Lanes: 1, Standard molecular markers; 2, Lysates obtained in nu-
trient broth medium; 3, Lysates obtained in modified GYS medium
after 24 hours; 4, after 48 hours; 5, after 72 hours; 6, after 96 hours;
7, after 120 hours.
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ticulate fraction of a vegetative cell homogenate.
Therefore, it is considered that the new five proteins
and the existing four proteins are associated with
sporulation and crystallization.

immunoblot Analysis

The polyclonal antisera against the crystal proteins
and against the spore identically recognized the
same antigens of 293, 138, 68 and 46 kDa (Fig. 3; A,
B). The polyclonal antisera against the lysates ob-
tained in modified GYS medium recognized five pro-
tein antigens of 293, 138, 119, 75, and 68 kDa (Fig.
3; Q). Particularly, the polyclonal antisera against the
spore strongly reacted with the protein antigen of 293
kDa, which was very immunodominant. In this study,
the antigenic variation was demonstrated to exist in
the developmental stages of Bacillus thuringiensis
subsp. sotto.
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