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Summary

This paper reports the selection and characterization of Bacillus thuringiensis strains, with ability to grow in
a proteo-chitinaceous substrate (milled shrimp waste) as the sole ingredient. Selected strains were able to
produce crystal proteins, as well as proteases and chitinases as fermentation by-products. By a preliminary,
qualitative screening of 152 B. thuringiensis strains, grown on media rich in protein and chitin, eight strains
were selected. These strains were cultured in a liquid medium containing milled shrimp waste and their
kinetics of protease production were followed. The two most active proteolytic strains (Bt-103 and Bt-112)
were characterized by their crystal protein content, plasmid pro®les, crystal ultrastructure, and toxicity
towards Manduca sexta, Aedes aegypti and Leptinotarsa texana. The only activity recorded in these species
was moderate toxicity of strain Bt-112 against Manduca sexta ®rst instar larvae, as well as the highest
proteolytic and chitinolytic activities. Its bipyramidal crystals were associated with semi-cuboidal inclusions
and although its crystal proteins were similar to those of B. thuringiensis kurstaki (HD-1), its plasmid
content was quite di�erent. Serotyping of Bt-112 indicated that it belongs to serovar. tolworthi. Further
studies with a similar strategy might render more strains with ability to grow in a rich waste by-product like
the shrimp waste, which may show not only higher insecticidal activity, but also with the ability to produce
extracellular enzymes with biotechnological applications.

Introduction

Marine by-products rich in chitin and protein are
renewable resources present in large amounts in
many countries (Muzarelli et al. 1986). Shrimp
production in MeÂ xico goes from 60,000 to 80,000

metric tons per year, and non-edible wastes such as
so called ``heads'' and exoskeleton can make up
to 50±60% of this volume. Due to their high
availability and their chemical composition (27%
chitin, 40% protein and 33% minerals), shrimp
residues are used as a raw material for chitin/
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chitosan production in some countries. These
compounds have a wide range of applications in
pharmacy, foods, medicine and water treatment,
(Allan et al. 1984; Muzarelli 1977; Muzarelli et al.
1986; Uchida et al. 1989). Shrimp wastes have also
been used as an ingredient in culture media (Ste-
phens et al. 1976); for extraction of pigments and
proteins to formulate animal food (Oke et al. 1978);
for reducing nematode populations in soils (Brown
et al. 1981); to produce single-cell protein (Revah-
Moiseev & Carroad 1981), and for enzyme immo-
bilization (Chen & Weng 1983). In MeÂ xico, shrimp
residues are scarcely used, except as a complement
in animal food and as ¯avor-related materials. In
general, chitin-proteinaceous residues still show
great potential in biotechnological processes.

The ability of the bacterium Serratia marcescens
WF to successfully degrade shrimp wastes, for the
production of proteases, chitinases, chitobiases
and N-acetyl-DD-glucosamine (Cruz-Camarillo, un-
published data) has been demonstrated previously.
This amino-sugar may have particular importance
in the food industry as a sweetener (Yalpani &
Pantaleone 1994), and in medicine to avoid lactose
intolerance (Austin et al. 1981), among other uses.
However, the known opportunistic pathogenicity
of S. marcescens limits its use in fermentation
processes. Therefore, the search for alternative
microorganisms is justi®ed.

To date, B. thuringiensis is very well known for
its use to produce biological insecticides, but its
potential as an enzyme producer has not been
properly evaluated. Reports on its exoenzymatic
pro®le are scattered in the literature (Tsuru &
Yoshimoto 1987). Some studies report the pro-
duction of at least four types of proteases by B.
thuringiensis: a 29 kDa semialkaline protease with
optimum activity at pH 8.5 (Epremyan et al.
1981); a 37±41 kDa metalloprotease, pH 6.5±7.5
(Li & Yousten 1975); a thiol-protease, pH 7.4±10
(Egorov et al. 1978) and an intracellular alkaline
protease, pH 8±10 (Lecadet et al. 1977). There are
also few studies on chitinase production by B.
thuringiensis, and these are focused only on its
possible entomopathogenic e�ect (Smirno� 1977;
Smirno� & Valero 1977).

This report demonstrates the potential of B.
thuringiensis as a dual producer of insecticidal
proteins and enzymes, because a highly proteolytic
and chitinolytic strain was selected, showing

moderate levels of insecticidal activity. This mul-
tiple e�ect of B. thuringiensis as an enzyme pro-
ducer, organic waste degrader and insecticidal
microorganism shows a novel biotechnological
approach for this bacterium.

Materials and Methods

Bacterial strains
Screening was carried out on 152 isolates of
B. thuringiensis, kindly provided by Luis GalaÂ n-
Wong (Universidad de Nuevo LeoÂ n). Type strains
of B. thuringiensis (HD-1, HD-73 and IPS-82) were
included as reference strains for toxicity and
plasmid pro®les. S. marcescens WF was also
included as a reference due to its signi®cant ability
to produce chitinases and proteases; as well
as an acrystalliferous, high protease-producing
B. thuringiensis strain (Bt-149), previously selected.

Preliminary selection of strains
Caseinolytic activity. The 152 B. thuringiensis
strains were inoculated on a medium composed of
1% casein and 2.3% agar dissolved in CastanÄ eda
medium (CastanÄ eda-AgulloÂ 1956) containing (g/l):
diammonium citrate, 0.625; NaCl, 0.250;
KH2PO4, 0.375; MgSO4 á 7H2O, 0.125; Na2CO3,
0.375 and 6.5 ml glycerol; pH was adjusted to 6.5±
7.0 to avoid casein precipitation. Casein hydrolysis
was detected by the formation of a whitish, opaque
halo (coagulated casein) around a translucent
area (totally hydrolysed casein), surrounding the
grown colony. An arbitrary scale, considering
both the size and aspect of the proteolysis haloes
after 24 h of inoculation, was used to evaluate the
proteolytic activity: 0, indicated a colony without
halo; 1, an opaque halo of 2±5 mm in diameter; 2,
a halo of 5±9 mm, opaque in the periphery and
somewhat translucent in the central area; 3, a
similar halo, with a well de®ned transparent cen-
tral area; 4, a 9±11 mm, halo with a very thin
opaque ring, having the transparent central port-
ion with a diameter of about 7 mm; and 5, in-
cluded haloes bigger than 11 mm and almost
totally translucent.

Keratinolytic activity. As an alternative screening
of proteolytic activity, keratinolytic strains were
also selected. Keratinase activity was evaluated by
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growing the 28 most caseinolytic strains in a me-
dium with 0.4% dyed wool. Clean wool ®bres were
treated ®rst with 0.3 M sodium sulphite and then
washed with water and stained with 2% remazol
brilliant blue. Colour was ®xed with 3% potassium
bichromate and 3% tartaric acid as mordants.
Excess dye was then removed by bleaching with
hot water and ethanol. Dyed material was ground
in a Willey mill and sieved through mesh 40. Me-
dium was prepared in 50 ml Erlenmeyer ¯asks
with 10 mg stained wool in 5 ml CastanÄ eda
medium. After autoclaving, inoculated ¯asks
were incubated for 24 h at 28 °C, under shaking
(180 rev/min). Cultures were then centrifuged
(6000 rev/min for 10 min) and keratinase activity
was measured in the supernatants by their absor-
bance at 585 nm of dye released in the medium.
Non-inoculated media and media inoculated with
S. marcescens WF were included as negative and
positive controls, respectively.

Chitinolytic activity. Chitinase activity was evalu-
ated on plates containing colloidal chitin, which
was prepared by mixing 10 g chitin (Sigma) ®nely
ground and sieved through mesh #40, with 100 ml
concentrated H3PO4. The homogenized mixture
was stored at 4 °C for 24 h, and excess water was
added to promote polysaccharide swelling. The
resulting white gelatinous material was ®ltered
through three layers of cheesecloth, and washed
with water until complete acid removal. Colloidal
chitin was autoclaved and stored in tightly closed
glass containers until use. Medium was prepared
with 13±14% (wet weight) colloidal chitin and
2.3% agar, dissolved in CastanÄ eda medium. Con-
stant stirring was required to obtain homogenous
distribution of colloidal material after pouring into
petri dishes. Chitinase activity was evaluated by
measuring the width in mm of the edge of trans-
lucent haloes surrounding colonies grown on the
plates after 48 h of incubation. This method was
adopted because of the great variation in size and
form of colonies of the studied strains. S. marc-
escens WF was used as a positive control.

Strain selection in shrimp waste medium
Strains selected in the preliminary screening were
further tested by their ability to produce extracel-
lular proteases and chitinases in a shrimp waste
liquid medium. The substrate was prepared as

follows. After removal of debris, fresh shrimp
waste (Penaeus sp.) was washed with tap water and
sun dried, prior to grinding and sieving through
#40 mesh. Assay medium was prepared only with
2% ground shrimp waste (w/v) in tap water. To
homogenize the inoculum's metabolic phase, ¯asks
were inoculated with 1 ml of a third subculture of
each strain, and incubated at 28 °C with continu-
ous shaking at 180 rev/min. A highly proteolytic,
acrystalliferous strain of B. thuringiensis (Bt-149)
was included as a positive control, as well as two
highly insecticidal strains (HD-1 and HD-73).

Kinetics of exoprotease production were ana-
lysed by measuring the absorbance at 280 nm, of
soluble products released by the enzymatic activity
(Kunitz 1947). For this purpose, 0.5 ml samples of
supernatants from cultures grown in shrimp waste
medium, and 1 ml of 1% casein in 0.2 M glycine-
NaOH bu�er (pH 9.0), were mixed and incubated
for 30 min at 37 °C. Then, 3.5 ml cold trichlor-
acetic acid (7%) were added and the mix was
incubated for 30 min at 5 °C. Tubes were
centrifuged (6,000 rev/min for 10 min) and the
absorbance (280 nm) of digested casein was mea-
sured for supernatants. Readings were interpolat-
ed in a standard curve prepared with a series of
dilutions of the amino acid tyrosine (0 to 300 lM/
ml). One protease unit (PU) was de®ned as the
amount of enzyme required to produce 1 lg of
tyrosine/min.

Chitinase activity was measured by reduction of
3,5-dinitrosalicylic acid, in presence of the amino-
sugar N-acetyl-DD-glucosamine (NAG) released
the by enzymatic hydrolysis of chitin (Monreal &
Reese 1969). One ml of 10% wet colloidal chitin,
suspended in 0.2 M phosphate bu�er pH 6.5, and
1 ml of supernatants from cultures, were mixed
and incubated for 60 min at 50 °C. Enzymatic
action was stopped by adding 1 ml 1% NaOH and
the mix was then centrifuged (6000 rev/min for
10 min). One ml supernatant and 1 ml of 1% 3,5-
dinitrosalicylic acid (dissolved in 30% sodium
potassium tartrate in 2 M NaOH) were mixed, to
measure soluble NAG produced by chitinases
present in culture supernatants. Tubes were incu-
bated for 5 min in boiling water, and their absor-
bance (535 nm) was recorded. Readings were
interpolated in a standard curve prepared with a
series of dilutions of NAG (0 to 10 lM/ml) and
3,5-dinitrosalicylic acid. A chitinase activity unit
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(CU) was de®ned as the amount of enzyme
required to produce 1 lmol of NAG in 1 h.

Bioassays with puri®ed crystals

Crystal puri®cation. The most active protease-
producing strains were grown to autolysis in pep-
tonized milk broth (PMB) as described by LoÂ pez-
Meza et al. (1995). Spores, parasporal bodies and
cell debris were washed three times by centrifuga-
tion in distilled water (10,000 rev/min for 10 min),
using a Sorvall centrifuge, model HD-674 with a
SS34 rotor. Crystals were puri®ed (>99%) in a
discontinuous sucrose gradient of 56, 59, 67 and
71% (w/v) at 20,000 rev/min for 1 h. Bands were
collected and washed three times by centrifugation
with distilled water.

Bioassays. Qualitative bioassays were performed
with suspensions of puri®ed crystals on larvae of
three insect species, known by their high suscep-
tibility to di�erent strains of B. thuringiensis:
Manduca sexta (Lepidoptera), Aedes aegypti
(Diptera) and Leptinotarsa texana (Coleoptera)
(De LeoÂ n & Ibarra, 1995; LoÂ pez-Meza et al. 1995).
Three concentrations were tested: 10, 1 and 0.1 lg
per cm2, ml, or larva, respectively, using a mini-
mum of 20 larvae per concentration, and three
replicates. Mortality was evaluated 1 to 7 days
after treatment, depending on the insect species.
Additionally, the spore-crystal complex of strain
Bt-112 was used to estimate the mean lethal con-
centration (LC50) for ®rst instar larvae of the to-
bacco hornworm, Manduca sexta. Bioassays on
®rst instar larvae were prepared by spreading
speci®c concentrations of freeze-dried spore-crys-
tal complex on arti®cial diet plates. A total of 20
larvae were used for each of six concentrations
tested. LC50's were estimated by Probit analysis
after 6 days of incubation at 28 � 2 °C, 70 � 5%
R.H., and 16:8 h light:dark photoperiod. Mean
LC50 values were estimated from a minimum of
three replications and all the requirements listed
elsewhere (Ibarra & Federici 1986) were ful®lled.

Protein composition of crystals
Protein composition of crystals was analysed by
SDS-PAGE electrophoresis, following the method
described by Laemmli & Favre (1973). Stacking
and running gels were 3% and 10% acrylamide,

respectively, prepared in a mini-Protean II slab cell
(Bio Rad). Electrophoresis was carried out by
applying 50 V for 15 min, and 100 V for 1.5 h.
Gels were stained with Coomassie brilliant blue,
and molecular weights of the proteins were
estimated by comparison with the standards
contained in the MW-SDS-200 kit (Sigma).

Plasmid puri®cation
Plasmid pro®les of selected strains were obtained
according to the method reported by LoÂ pez-Meza
et al. (1995). As a comparison, plasmid patterns of
strains HD-1 and IPS-82 were used as standards.
Pro®les were visualized by electrophoresis in 0.6%
agarose gels.

Scanning electron microscopy of crystals
Ultrastructure of crystals from selected strains was
analysed. Puri®ed samples were critical point dried
on a slab and covered with gold in an E.M. Fullan
EMS-76 M sputter for 5 min. The samples were
observed in a Carl Zeiss scanning electron micro-
scope, model DSM-940 at 15 kV.

Serotyping
Selected strains were sent to the Institut Pasteur,
in France, for their appropriate serotyping.

Results

Preliminary screening of strains
A high proteolytic activity, measured as the di-
gestion of casein in plate assays was observed. A
total of 137 of the 152 strains screened were pos-
itive, although proteolytic activity varied from
strain to strain. Halo levels ranged from 0, 1, 2, 3,
4 to 5 in 15, 4, 45, 56, 4 and 28 strains, respectively.
The most active strains exceeded the proteolytic
activity shown by S. marcescens WF (level 3), and
were as proteolytic as the reference strain Bt-149
(level 5).

On the other hand, along the arbitrary scale to
evaluate chitinase, based on the size of width of the
translucent digestion haloes of colloidal chitin
around colonies, variation was also observed.
Haloes ranged from 0, 1, 2, to 3 mm in 53, 46, 24
and 29 strains respectively, with 5±6 mm for S.
marcescens WF. No correspondence was observed
between caseinolytic and chitinolytic strains.

302 L.I. Rojas-Avelizapa et al.



Further proteolytic potential, that of keratinase,
was measured in the 28 most caseinolytic strains.
OD585's varied from 0 to 0.29 in 10 strains, from
0.3 to 0.59 in 11 strains, from 0.6 to 0.8 in 6 strains,
and only one strain showed an activity close to 0.9,
similar to that of the reference strain S. marcescens
WF. No direct relationship was observed between
caseinolytic and keratinolytic activity among the
strains. The eight most promising strains, based on
a combination of high caseinase, keratinase and
chitinase activities, were chosen for further studies
(Table 1).

Strain selection in shrimp waste medium
When the eight strains mentioned above were
grown in shrimp waste medium, the highest levels
of protease production were observed in strains
Bt-103 and Bt-112 (Figure 1), similar to those of
the reference, acrystalliferous strain Bt-149.
However, when the chitinolytic activity of the
eight selected strains was measured in the shrimp
waste medium, only a maximum of 2 CU/ml was
produced. In contrast, the reference strain S.
marcescens WF produced between 30 and 40 CU/
ml.

Based on these results, kinetics of protease ac-
tivity of strains Bt-103 and Bt-112 were compared
with those of the highly insecticidal strains HD-1
and HD-73. Figure 2 shows that strains HD-1 and
HD-73 exhibit the lowest proteolytic activity, be-
ing lowest in HD-1, <100 PU/ml were produced
at the time of its highest activity (18 h). Selected
strains and reference Bt-149 continually showed

high proteolytic activity, with more than 250 PU/
ml produced after 30 h of incubation. Here also,
chitinolytic activity of selected and insecticidal
strains was signi®cantly lower than that of the
reference strain S. marcescens WF.

Table 1. Enzymatic activity of the eight most promising strains

of Bacillus thuringiensis.

Strain Protease

activity1
Keratinase

activity2
Chitinase

activity1

Bt-43 5 0.650 3

Bt-45 5 0.213 3

Bt-94 5 0.460 3

Bt-96 5 0.490 3

Bt-103 5 0.317 3

Bt-105 5 0.514 3

Bt-107 5 0.610 2

Bt-112 5 0.510 2

Bt-1493 5 0.695 3

S. marcescens WF3 3 0.900 5±6

1 Arbitrary scale (see Materials and Methods); 2 OD585;
3 Reference strains.

Figure 1. Kinetics of protease secretion by selected strains of

Bacillus thuringiensis, grown in a medium with 3% milled

shrimp waste, suspended in tap water. Data obtained from

strains Bt-43, Bt-45, Bt-103, Bt-112, and Bt-149.

Figure 2. Protease production of strains Bt-103 and Bt-112,

compared with that of the highly insecticidal strains HD-1 and

HD-73, grown in shrimp waste medium.

Proteo-chitinolytic B. thuringiensis 303



It is important to point out that both selected
and insecticidal strains produced abundant intra-
cellular crystals when growing in shrimp waste
medium.

Insecticidal activity
The insecticidal activities of puri®ed crystals from
the two previously selected, highly proteolytic
strains (Bt-103 and Bt-112) were measured in lar-
vae of Manduca sexta, Aedes aegypti and Lep-
tinotarsa texana. A series of crude bioassays (one
high dose) indicated that strain Bt-112 was toxic
only to M. sexta, while strain Bt-103 showed no
toxicity against any of the tested insect species. It is
important to note that crystal yield from the strain
Bt-112 was much higher (400 to 500 mg/500 ml of
culture medium) than that obtained from strain
Bt-103. Yield was di�cult to measure from Bt-103
because its crystals adhered strongly to spores, and
it was not possible to separate them. Nevertheless,
when the crystal±spore complex of Bt-103 was
bioassayed, no noticeable toxicity was observed
either.

In order to establish an accurate toxicity level
for the strain Bt-112 against M. sexta, a series of
bioassays were carried out to estimate a mean
LC50. Table 2 shows the main parameters and a
mean LC50 of 458 ng/cm2, estimated by Probit
analysis of four replicates. Little variation was
observed between replicates as the estimated
Standard Deviation (SD = 57.35) and the Coef-
®cient of Variation (CV = 12.5%) were low.

Crystal protein and plasmid compositions
When puri®ed crystals from the Manduca-active
strain Bt-112 were analysed to determine their

protein composition, SDS-PAGE analysis showed
one major and two minor components: one pro-
tein very near to 130 kDa and two between 65 and
70 kDa (Figure 3). When this protein composition
found in the crystals of strain Bt-112 was com-
pared to the crystal composition of the HD-1
strain, they showed great similarities in their band
migration (data not shown).

Further characterization of the proteolytic and
insecticidal strain Bt-112 showed a very peculiar
pattern of four plasmids (Figure 4), whose esti-
mated MW were: 5.8, 7, 8.7 and 34 MDa (other
bands are open circles of the super-coiled forms).
Figure 4 also shows similarity with well known
plasmid pro®les of strains HD-1 (B. thuringiensis
serovar. kurstaki) and IPS-82 (B. thuringiensis
serovar. israelensis).

Crystal morphology and serotyping
Under scanning electron microscopy, strain Bt-112
showed typical bipyramidal crystals, along with

Table 2. Statistical parameters from bioassays of Bacillus

thuringiensis serovar. tolworthi Bt-112 spore-crystal complex on

Manduca sexta ®rst instar larvae.

R n Slope � SE LC50* (95% CL) v2

1 150 3.4 � 0.8 480.5 (356±650) 5.8

2 150 2.8 � 0.57 393.6 (293±529) 2.1

3 150 2.2 � 0.54 525.9 (330±837) 4.8

4 150 3.0 � 0.65 433.3 (321±585) 3.82

Mean LC50 = 458 ng/cm2 S.D. = 57.4 C.V. 12.5%

R, replicate; n, total larvae per replicate; SE, standard error;

* ng/cm2 of agar-based insect food; CL, con®dence limits;

v2, chi-square value; S.D., standard deviation; C.V., coe�cient

of variation.

Figure 3. Protein content of pure crystals of Bacillus

thuringiensis serovar. tolworthi Bt-112 in SDS-PAGE (lane 2).

Lane 1, MW markers.
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satellites in the shape of thin ¯at squares to cubes,
which partially penetrate the bipyramidal crystals
(Figure 5). The average crystal size was 1.77 lm
long by 0.7 lm wide. Other round bodies were also
commonly observed. Strains with crystals of
greatly di�erent shape in the same serovar are
described in the literature. On the other hand,
¯agellar antigens from strain Bt-112 cross-reacted
with the antiserum raised for serovar. tolworthi.

Discussion

Studies on B. thuringiensis have been almost
exclusively focused on its insecticidal crystals

(Andrews et al. 1987; Bulla et al. 1980). Current
information on its exoenzymes is limited (Priest
1977), in spite of being a bacterium that produces
high levels of proteases (Tsuru & Yoshimoto 1987)
and amylases (Tobey & Yousten 1977) and, to a
lesser extent, chitinases (Cody 1989), esterase
(Yongmei & Zongsheng 1981), nucleases (Priest
1977) and in general, all enzymes described for
the genus Bacillus.

From the industrial point of view, studies on the
enzymatic potential of B. thuringiensis are impor-
tant for two reasons: (a) the selection of strains
with high enzymatic activity, combined with high
insecticidal activity, may expand the diversity of
raw materials (proteinaceous or chitinaceous waste
materials), used for its production as a bioinsecti-
cide; and (b) the selection of strains with high
enzymatic activity may expand the use of B.
thuringiensis either as an enzyme producer or as a
biomass producer from waste materials, avoiding
safety problems, like those shown by other bacte-
ria (i.e. E. coli, S. marcescens).

Results from this study support the feasibility
of selecting highly proteolytic strains of B.
thuringiensis. It was clear that protease activity
varies widely among di�erent strains of B. thu-

Figure 4. Plasmid patterns of Bacillus thuringiensis serovar.

kurstaki (HD-1, lane 1), B. thuringiensis serovar. tolworthi

(Bt-112, lane 2) and B. thuringiensis serovar. israelensis (IPS-82,

lane 3). MW, estimated molecular masses (in MDa) of

covalently closed circles of Bt-112.

Figure 5. Scanning electron micrograph of crystals and inclu-

sions produced by Bacillus thuringiensis serovar. tolworthi

Bt-112. Bar, 1 lm.
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ringiensis, measured as the ability to degrade ca-
sein. Comparable results were obtained when
keratinolytic activity (another type of proteolysis)
was measured, except that the levels of activity
were lower and that there is no relationship among
strains between their casein- and keratin-degrad-
ing activity. In both cases, the highest activity
levels observed were comparable to those shown
by the reference strains.

Such high levels of activity were not observed
when the chitinolytic activity of the 152 strains was
compared to the reference strain, as this activity
was much higher in the S. marcescens WF strain.
However, the ability of some strains to degrade
chitin was obvious. This ability is of particular
signi®cance, because some reports about the syn-
ergistic e�ect of chitinases and the insecticidal
crystals of B. thuringiensis may support the idea of
improving the insecticidal products by combining
both factors in one strain (Morris 1976; Smirno�
1977; Smirno� & Valero 1977).

The ability to grow in a highly chitinaceous and
proteinaceous medium (shrimp waste broth) was
proved when eight strains, showing a combination
of high proteolytic and chitinolytic activities, were
successfully grown in this medium. Interestingly,
when the proteolytic activity of two of these strains
was compared with those of the highly insecticidal
strains HD-1 and HD-73, the latter ones showed
signi®cantly lower activity, being more evident in
HD-1, which is one of the most widely produced
strains of B. thuringiensis. Also worth mentioning
is the fact that all B. thuringiensis strains in the
present study, including the strains HD-1 and HD-
73, produced abundant intracellular protein crys-
tals when grown in the shrimp waste medium. In
addition, preliminary results indicate that crude
extracts from supernatants of Bt-112 cultures are
able to dissolve substrates as proteinaceous as ®sh
and red meats, as well as tanning, feather and
blood wastes, with e�ciencies ranging from 60
to 85% dissolution.

Only one strain was characterized, Bt-112, be-
cause its crystals were insecticidal. Protein content
of these crystals is very similar to that of HD-1.
Ultramicroscopic observations showed bipyrami-
dal crystals similar to those of HD-1, each with a
semi-cuboidal satellite inserted in one face. The
main crystal of HD-1 contains Cry 1 proteins of

nearly 130 kDa and the satellite contains Cry 2
proteins of about 65 kDa (HoÈ fte & Whiteley
1989). Other round bodies commonly observed in
the crystal preparations were apparently not as-
sociated with any protein. The activity against M.
sexta is typical of strains with bipyramidal crystals
in pathotype 1 active against Lepidoptera (Feder-
ici 1993). However, the level of toxicity depends
more on the type of Cry 1 protein contained in the
crystal (Gill et al. 1992). This might be the reason
why the strain Bt-112 showed an LC50 that indi-
cates only a moderate insecticidal activity against
the tobacco hornworm.

Further characterization of strain Bt-112 indi-
cated that it belongs to serovar. tolworthi, which
commonly produces a bipyramidal crystal; how-
ever, it is well known that serotyping is no longer
a de®nitive parameter to discriminate among
strains (Lecadet et al. 1994) but only another
feature used in the characterization of strains. On
the other hand, the plasmid pattern shown by Bt-
112 is very peculiar, and it is probably reason
enough to suppose that Bt-112 is a new strain, as
plasmid patterns are de®nitive attributes in each
strain.

In conclusion, these results indicate that strain
selection may render good candidates of B.
thuringiensis, either to expand the alternative me-
dia in which this bacterium may be produced in-
dustrially, or to combine its use as an enzyme/
biomass producer. Strain Bt-112 showed impor-
tant proteolytic levels and moderate insecticidal
activity, with some particular features that may
indicate the uniqueness of this strain. Further se-
lection may discover strains with higher proteo-
lytic and insecticidal activities.
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