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Abstract—The 130 kDa polypeptide appears to be the most susceptible of the polypeptides

constituting the Bacillus thuringiensis ssp. israelensis -endotoxin to the proteases associated with

sporulation. Stabilization of this polypeptide in the recently described K-S sporulation medium has

been achieved through limiting its cleavage by removing contaminating proteases from the culture

by washing. In this way, the complete 5-endotoxin profile is retained for studies on all of the
- constituent polypeptide fractions.
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Résumé-—Parmi les polypeptides constituant 3-endotoxine de Bacillus thuringiensis israelensis, le
polypeptide de poids moléculaire 130 kDa semble étre le plus vulnérable aux protéases associées &
la sporulation. La stabilisation de ce polypeptide par le procéde recémment décrit, “milien de
sporulation K-8, a été obtenue en limitant sa dégradation par lavage des protéase ayant
contaminées de milieu de culture. Ainsi, le profile complet de 5-endotoxine a été retenu par études
sur toutes les composantes des polypeptides.

Mots Clés: Bacillus ssp. thuringiensis israelensis, polypeptide deolypeptide de poids moléculaire 130
kDa, disparition et stabilisation, milieu K-S

INTRODUCTION

Bacillus thuringiensis israelensis is a Gram positive
bacteruim that synthesises a parasporal proteinaceous
crystal, the 8-endotoxin, during sporulation (Bulla et
al., 1980; Somerville, 1978). The crystals consist of
. majorpolypeptides of approximate molecular weights
28,65and 130kDa (Thomas and Ellar, 1983; Chilcott
etal., 1983). Among other factors, the actual number
of the polypeptides depends on the culture medium
and culture conditions, the B.t. israelensis strain, the
crystal purification procedure and the method of
separation of the constituent polypeptides.

*Present address: The International Centre of Insect
Physiology and Ecology, P.O. Box 30, Mbita, South
Nyanza, Kenya.

Stability of the 8-endotoxin polypeptide product
depends, in part, on bacterial proteases which can
digest the crystal toxin. Production of some of the
proteases is induced by the onset of a nutrient-limited
growth phase (Hanson et al., 1970). To prevent
degradation of the endotoxin, Nickerson and Swanson
(1981) suggested that contaminating proteases be
removed during separation of crystals from spores.
Other methods of separation (Mahillon and Delcour,
1984; Ang and Nickerson, 1978; Goodmanetal.,1967;
Pendleton and Morrison, 1966), likewise removed
these proteases, but the success of the operation was
dependent on the nature of the proteases and time of
their production and activity.

The reported studies were necessitated by the
need to use a growth and sporulation medium to
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produce B.t. israelensis labelled with [*3§]-
Methionine, which, under normal culture conditions
completely disrupted the integrity of the 130 kDa
polypeptide. Using undefined medium for such studies
would result in dilution of the labelled isotope, which
may in turn require that more of the labelled amino
acid be used to get the same quantity of radioactivity
incorporated in the target object of the study.

MATERIALS AND METHODS

Sporulation and autolysis of the sporangia of B.t.

israelensis were achieved by culturing in K-S
sporulation medium as described elsewhere
(Khawaled et al., unpublished data; Otieno-Ayayo et
al., 1992), which had methionine as the only source
of sulphur in chloride salts: NH,Cl,, 0.163g; MgCl,,
0.012g; CaCl,.6H,0,0.80 mg; MnCl, 6H,0, 6.17mg:
ZnCl,, 0.24 mg; CuCl,. 2H,0, 0.34Img; FeCl,, 0.5g,
and K,HPO,, 0.5g, supplemented with 1g/l glucose
and 100 pg/ml of each (of the 18) amino acids except
cysteine, foralitre of medium. K,HPO, stock solution
was autoclaved separately and added to the rest of the
solution when cool to avoid precipitation. In
radiolabelling experiments, {*3S]-Methionine of
radioactivity ranging between 8.2 uCi and 635 puCi
was added to 20 ml of medium before introducing the
inoculum. B.t. israelensis was normally cultured in
K-S medium for 120 hr. In our experiments the
bacterium was cultured in the medium for only 30 hr
until sporulation was completed. The biomass of the
sporangia was washed twice with deionised distilled
water by vortex shaking. The complex was spun
down at 30°C 8000 X g for 10min, and the supernatant
decanted. The pelleted culture was washed by vortex
shaking in sterile deionized distilled water. The above
procedure was repeated twice and the washed biomass
pelleted and resuspended in sterile deionized distilled
water equivalent in amount to the original culture
medium and shaken in an orbital shaker at 250 rpm,
30°C for an additional 42-90 hours. The spore-
_crystal complex was then harvested and washed as
described earlier in ice-cold distilled water at 0°C
and stored at - 20°C until used. To determine the best
time to carry out the washing of the sporangia mass,
this procedure was carried out at different culture
stages, corresponding to end of growth phase, onset
of sporulation, and end of sporulation. Two
comparative control cultures were also produced,
one in LB medium and the other in K-S medium, in
which the spore crystal complex was harvested only
after an incubation period of 120 hr [It should be
noted that growth of cells and autolysis of the
sporangia in LB medium was completed within 72 hr
as opposed to “continuous” culture in K-8 which

required an additional 48 hr. It was not possible to
purify crystals from K-S culture within 30 hr as most
of the sporangia were still intact at this time.].

The spore crystal complex produced under each
of the different culture regimes was analysed by
sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) using Laemmli’s
method (Laemmli UK 1970) in a continuous buffer
system. Gels were stained with 0. 1% Coomassie blue
in 25% methanol and 10% acetic acid.

RESULTS AND DISCUSSION

Using crystals from LB medium cultures standing
as a check, crystals obtained from K-S medium,
washed orunwashed during the 120 hrculture period,
exhibited varying degrees of degradation. LB-
produced crystals were the least affected while the
unwashed }.-S-produced crystals were degraded most.
The 130 kDa polypeptide had been completely lost
from crystals obtained from the 120 hr unwashed K-
S culwre (Fig. 1). This loss, however, persisted in
radioactive crystals, especially with high specific
radioactivity (SRA=10% cpm/mg crystals), (Otieno-
Avayo et al., 1992), suggesting that high amount of
radioactivity also affects the stability of the 130 kDa
polypeptide.

A number of proteases are released at the onset of
sporulation in B. thuringiensis (Hanson et al., 1970)
and their activities appear to differ according to the
culture medium used. If activated, they can partially
digest the 6-endotexin produced by the bacterium if
culture conditions are maintained for an extended
period. In the K-S medium for example, these
proteases appear to be present and are activated in the
post-sporulation/pre-autolysis culture solution, as
evidenced by the different polypeptide profiles
obtained following removal of this solution and
washing of the sporangia mass when compared to
those produced from the unwashed K-S culture. The
washing procedure also served to remove excess
salts in the medium that had caused a spreading of the
polypeptide bands on the gel.

The timing of the washing procedure, however, is
very important. Following inoculation of a growth
medium with bacteria there is a lag phase before the
cells start to divide. The length of the lag phase
usually varies according to the procedure used in the
preparation of the inoculum and culture conditions.
The rate of growth and development also varies
according to the prescribed culture conditions. These
variable factors may shorten or lengthen the time
before the B. thuringiensis culture matures, and
elimination of the endotoxin-degrading proteases by
washing is required to maintain the integrity of the
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Fig. 1. SDS-PAGE unalysis of B ¢ israclensis crystal polypeptides produced in two different culture media under
varied conditions. showing the effect of culture conditions on the integrity of the 130 kDu polypeptide.
Lane |: Molecular weight markers: lane 2: erystals produced in Luria Broth under continuous culture for 120 hr,

washed only al harvesting and purification: lane 3:
washing the sporangia 30 by

crystals produced in K-S medium by substitution culture, by
after inocalation and resuspending and incubating in deionized distilled water tar an
additional 90 hr; lane 4: crystals produced in K-S medium by
incculation and resuspending and incubating the sporangia in deionized distil

substitution culture, washing the sporangia 30 hrafier
ted water for 42 hrbefore purification

of crystals; lane 5: crystais produced afier 120 hr incubation in K-S medium by substitution culture method and
only washing during harvesting. In all cases. crystal purification was done using a procedure modificd from
Pendleton and Moirison (1266) [see Fig, 21 LB medium was the starting culture medium for the substitution

cultures.

crystal toxin. Additionally, the vegetative cells will
not sporulate simultancously, neither will all the cells
lyse at the same time. [f the proteases are washed out
of the culture before all the cells have finished
sporulating, then cells that had not completed
sporulation will continue to release proteases into
cleaned system, leading to contamination. If washing
is done until after the cells have began to lyse, some
crystals will have already been released into the
protease pool and will already have been attacked. A
small amount of protease contamination Jeading to
limited degradation, therefore, appears to be
unavoidable. With all this in mind, we would
 recommend washing at 30 hrand further resuspension
for about 42 hr when culturing in K-S medium.
Several non-radioactive gels of B.t. israelensis
crystals processed by the washing procedure,
demonstrated a clear presence of the 130 kDa
polypeptide band (see Fig. 1, others not shown).

Autoradiographs of gels of crystals labelied at very
low specific radioactivityfaintly showed the presence
of the polypeptide, which disappeared with increased
specific radioactivity (Otieno-Ayayo et al., 1992).
We therefore suggest that the 130 kDa plypeptide is
susceptible to proteolysis, and, to some extent,
radioactivity. It is also possible that the cleavage of
the polypeptide is catalysed by metal ions (Bodanszky
and Martinez 1983). which are present in K-S medium.

It is important to consider the protease-crystal
interactions in the autolysate complex so that the
native B. thuringiensis crystal and its constituent
polypeptides are stabilized prior to any separation or
analysis of the crystal proteins.

Successful removal of the contaminating
proteases during crystal purification is essential to
the maintenance of the complete endotoxin
polypeptide profile. As production and activation of
these proteases also varies according to the B.
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PURIFICATION OF B.T.l. CRYSTALS (DIAGRAMATIC)
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Fig. 2. Harvesting and purification of B. 1. israelensis crystals from the sporefcrystal complex: diagramatic
representation constructed fromi the method described by Pendleton and Morrison (1966). Original drawing by

Otieno-Ayayo (1989).

thuringiensis strain and culture medium used, these
are additional factors which should be addressed in
any studies on B. thuringiensis crystal proteins.
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