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ABSTRACT

The development of the production and us8adillus thuringiensisn Brazil at a commercial scale faces
certain difficulties, among them the establishment of efficient methodologies for the gquantitation of toxic
products to be commercialized. Presently, the amount of toxin is given in percentage by analyzing the
samples total protein content. Such methodology however, does not measure the actual amount of active
protein present in the product, since most strains express different endotoxin genes and might even produce
b-toxin. Since the various types of toxins exhibit different antigenic characteristics, this work has as objective
the utilization of fast immunological techniques to quantify the level of crystal protein. Crystal protein
produced by a subspeciesBHcillus thuringiensisvar. israelensiswas purified by ultracentrifugation and

utilized to immunize rabbits and to produce hiperimmune sera. Such sera were latter used to evaluate the
level of proteins on commercial bioinsecticide and on laboratory cultui@stbtiringiensishrough the
immunodot technique. The results were obtained by comparison of data obtained from reactions with
known concentrations of crystal protein permitting to evaluate the level of such protein on various materials.
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INTRODUCTION The production oB. thuringiensisn commercial scale is
economically important and in order to develop its production
Bacillus thuringiensiss a Gram-positive spore formingit is necessary available human resources, technology for
bacterium that produces insecticidal protein(s) cgll@shdd-  producing equipments and controls, adequate and cheap raw
endotoxin(s). materials, adapted microorganisms and bioassay facilities. Such
Since the early 1900’s, this bacterium group has receivedocedures might generate a lower production cost and
great attention for its use as agricultural and forest insect peshsequently an increase in such product consumption either
control agent, as well as at the public health area (2,6). by farmers or by health program authorities (2,6).
Several commercial formulations were developed, however Some difficulties are encountered for the productioB.of
the use of its subspecies for practical pest control has batlringiensiformulations mainly the establishment of standard
advantages and problems. These bacteria produce a toxin thathods for quantifying the crystal protein content and to
is remarkably safe for humans, domestic animals and natetermine the potency . thuringiensiscrystal protein
target fauna. On the other haml,thuringiensispreparations preparations since the use of the standardized techniques that
applied to foliage can be washed off by rain and or may beeasure in ITU/mg of protein are tedious and time consuming.
inactivated by sunlight, therefore it is required repeated Unfortunately the necessary analytical methods which can
applications for long term protection against some pest specigs used to determinate the activity spectrum and the amount
(2). of each toxin inB. thuringiensiscultivated broths are poorly
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developed, time consuming and technically difficult to bé&liperimmune sera production— purified crystal protein was
executed on a regular basis. used for the production of anti-crystal protein serum (SCP).

Bioassays are routinely used to detect the potency Rabbits were injected subcutaneously with 1 ml of a 1 mg/ml
commercial and experiment8l. thuringiensispreparations. suspension of purified crystal protein suspended in sterile
They are performed by adding dilutions of the material to hveater, every week during 8 weeks. Serum antibodies were
tested to an artificial diet and allowing the susceptible larvadecked on ear blood samples 5 days after the course of
to feed (3). This methodology is laborious and it requires moirgection. When the reaction titer, by immunodot assay, was
time to generate data than to complete the fermentation itsélf1,000 (V:V) or higher, the animals were bled by cardiac

The knowledge of antigenic differences among the crystalincture, and the sera separated from the clots, fractionated
proteins produced by variols thuringiensisstrains (7,8) and and stored at —20°C.
the use of immunological techniques has increased thremunodot — samples of purified crystal protein with known
development of quantitation methodologies for such proteinsoncentrations and different dilutions of the material, which

The existence of distinct antigenic differences among threas used to estimate of the levels of crystal protein, were made
crystal protein kinds produced by the differBnthuringiensis by the dilution with 0.85% NaCl (W:V). Rectangles (11 cm X
strains and the use of immunological techniques have providé@m) of nitrocellulose membranes were cut, rinsed in NaCl
a way to measure the amount of such type of protein usisglution (m:V) for 2 minutes and placed in a dot blot apparatus
various materials. (The Convertible Filtration Manifold System — Gibco/BRL

An immunoelectrophoretical assay was utilized in somefe Technologies INC). Samples (10) of the material
experiments for the detection of crystal protein but this methoefereed above were spotted onto the membranes through the
has the disadvantage of being time consuming (48h) accordsample wells of the dot blot apparatus and vacuum was applied
to Winkler et al. (12) or simply for being a quantitative for 3 to 5 minutes until all samples were applied on the
technique (1). membranes.

The ELISA technique used for detectiorBothuringiensis If a dot blot apparatus in not available, the protein
crystal protein (9) gives a set of quantitative values with suspensions can be slowly dotted onto the dry nitrocellulose
colorimetric end point either for liquids or powders producethembranes with the use of a micropipetor.
within 4h of sampling. It satisfies the criteria for use in a The dot blot was developed by immunoassay (4) by
commercial process but it is based on the use of a setiméubating the membranes for 45 minutes in TBS (50 mM
accessories for its usage that it turns out to be expensive. IaCl; 50 mM Tris-HCI pH 7.5) containing 5% of nonfat dry
the other hand Tapp and Stotsky (10) described the use ahidk (m:V), by washing in TBS, and by incubating for 45
method to detect and trace the fateBofthuringiensisvar. minutes in TBS containing 3% of nonfat dry milk (m:V) and
kurstaki toxins in soil by a dot blot enzyme-linkedthe sera anti-crystal protein diluted 1:1,000 (V:V). The
immunoabsorbent like assay (immunodot) that does not requimembranes were then washed four times (with incubation of 5
their extraction and purification, or any piece of equipmemhinutes) in TBS, after an incubation of 45 minutes in TBS
specifically designed for that use. Such methodology might bentaining goat anti-rabbit immunoglobulin G conjugated to
used on quality control oB. thuringiensiscrystal protein alkaline phosfatase (Bio-Rad). After four more rinses in TBS,
formulations. The objective of this work has been to adapt thige color was developed by incubating the membranes for 3
immunodot method to evaluate with specificity and readinessinutes in 10 ml of AP buffer (100 mM NaCl, 5 mM MgClI
the amount of free or particulated crystal protein on the differeb®0 mM Tris pH 9.5) containing 4 of nitro-blue-tetrazolium

phases of crystal protein production. (5% (m:V) in 70% (m:V) dimethylformamide) and 33 ml of
bromo-chloro-indolyl phosphate (5% (m:V) in 100%
MATERIALS AND METHODS dimethylformamide (V:V)). To stop, the reactions were rinsed

with TBS containing 20 mM EDTA.
Bacillus thuringiensisvar. israelensisgrowth conditions —

Cultures ofB. thuringiensisvar. israelensiswere grown in 1 RESULTS AND DISCUSSION
L flasks containing 300 ml of medium (10) with shaking
(250 rpm) at 28°C until sporulation (usually 5 days). The Bacillus thuringiensisvar. israelensissporulated

Crystal protein purification — B. thuringiensisvar. samples and two other commercial preparations were analyzed
israelensiscultures were used for the quantification of crystalith respect to solid residues and total protein content measured
protein and latter submitted to ultracentrifugation for ity Hartree (5) and the obtained values are listed on Table 1.
purification following Thomas and Ellar (11). The purified As can be seen, there is a lot of variation on the crystal
material was lyophilized and kept at —20°C for latter use grotein content on the various materials considered (43%, 5.7%
rabbit’s immunization and immunodot tests. and 34%, respectively). However, the majority of the proteins
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Table 1. Levels of solid residues and total protein on sampleslor of its samples with those from known suspensions, that
of sporulated. thuringiensisvar. israelensissuspensions and were: 1) the last positive dilution d@. thuringiensisvar.

two commercial bioinsecticides (CK and TK). israelensisis found on the C5 position which corresponds to
the 1:320 (V:V) dilution; 2) the control concentration with
similar color is on position B2 and corresponds to the

Sanpled Material  Solid resdue (mg/ml)  Protein percent

Sporulated culture 17.4 43 concentration of 7.8g/ml. Thus the crystal protein amount
CK 10.4 5.7 present on the cultivation medium is 7.8 X 320 = 2.4 mg/ml.
TK 212.1 34

Figure 2.Immunodot using SPC (1:1000) against purified crystal
1 — Measured through lyophilization of 1 ml of sporulated bacterifirotein (mg/ml) in different concentrations (column 1) and
culture (mean of three samples) different dilutions (V:V) of two commercid. thuringiensisar.

israelensishioinsecticides CK (column 2) and TK (column 3).

found in these preparations are not crystal protein. Besides pijtion scheme of immunodot reaction
the various components of these suspensions (ammonia, nitrite

and phosphorous) might have interfered with the dosages and A 1 2 3
the c(;ystal p_rﬁtiintigvels dis(grepant rﬁsult)s are notjn g 10.0 110 1:80
accordance with the bioassays (data not shown). ) X
The immunodot results for the fast evaluation of crystal ¢ 50 120 1160
protein content are listed on Fig. 1. In such figure, the purified D 10 140 13320
crystal protein known concentrations (lines A and B) and the E 05 1:80 1:640
various dilutions of a s_porulatB:I thu_ringiensiS/ar.israe_lensis E 0.1 1:160 1:1,280
(_Ime C) were ;ubmlt_ted to the |m_munoenzymat|c assays o 0.05 1320 12560
(immunodot) with anti-crystal protein serum (SPC) diluted : :
1,000 times. As it can be seen the various pure crystal H 0.02 1640 15,120
suspensions exhibited different but proportional color intensity | 0.01 1:1280 110,240

for the level of crystal protein, the same occurring forBhe
thuringiensisvar. israelensisdilutions. Il — Immunodot reaction
On this way it was possible to find the crystal protein
concentration on the growth suspensions by comparing the 1 2

3

Figure 1. Immunodot using SPC (1:1,000) against purified
crystal protein (mg/ml) in different concentrations (lines A
and B) and different dilutions (V:V) of a sporulated culture of
B. thuringiensisvar. israelensis(line C).

| — Dilution scheme of immunodot reaction

1 2 3 4 5 6
A 1.000 | 0.500 | 0.250 | 0.120 | 0.060 | 0.030
B 0.015 | 0.007 | 0.003 | 0.001 - -

C 1:20 1:40 180 | 1160 | 1:320 | 1.640

Il — Immunodot reaction

1213l 4&EEl6

TOTMMOO DT>

O m>

218



B. thuringiensirystal protein

The same evaluation can be developed in order to know theualmente, a quantidade de toxinas € expressa como
level of crystal protein of commercial products (Fig. 2). Aporcentagem do total de proteinas presentes em amostras em
column 1 the immunodot reaction was setup for differemonsideracdo. Tal metodologia, entretanto, ndo mede a
concentrations of purified crystal protein and at column 2 amghantidade real de uma determinada proteina presente em um
3 for dilutions of two commercial products made upBof produto qualquer, além do fato de diferentes linhagens
thuringiensisvar. israelensis(CK and TK respectively). By bacterianas possuirem diferentes genes codificadores para
comparing the titer found for the two commercial productsndotoxinas e mesmo para b-toxina. Desde que os diferentes
(CK = E2 =1/160 and TK = F3 = 1/2560) and the color of thigpos de toxinas apresentam diferentes caracteristicas
control corresponding to such reactions, the concentration aftigéncias, este trabalho tem como objetivo a utilizagdo de
crystal protein for these are: CK = 8 mg/ml (160 X 0.05) antgtcnicas imunoldgicas para quantificar especificamente o
TK = 256 mg/ml (2560 X 0.1). conteudo de proteina cristal presente em diferentes amostras.

Since this immunodot reaction detects specifically crystal proteina cristal produzida pela subespé&ighuringiensis
protein, a color comparison between the controlled amoumnar.israelensidoi purificada por ultracentrifugacéo e utilizada
with those of unknown quantities presents high degree péra imunizar coelhas e produzir soros hiperimunes. Tais soros
confidence, besides being in accordance with biological asségsam posteriormente usados para avaliar o nivel de proteina
conducted with the same samples (data not shown). cristal em bioinseticidas comerciais e em culturas de laboratério

It was possible to conclude that the immunodot techniquesta bactéria utilizando-se a técnica do imunodot. Os
developed in this paper, is to be recommended as a fast eeslltados foram obtidos por comparacdo de reagcdes com
reliable way to estimate the levels of crystal protein content aoncentra¢des conhecidas de proteina cristal permitindo assim
different media, besides this such methodology shows importavaliar com seguranca os niveis desta proteina em varias
characteristics that fit to the immediate needs of thereparacoes.
bioinsecticide commercial producer as well as to those who
perform research on the biological control area. SudPalavras-chave:Bacillus thuringiensisproteina cristal,
methodology was shown to have a fast, specific and reliabstgtodos imunologicos
application for crystal protein evaluation on batch cultures and
for commercial products (approximately 3h) and did not require REFERENCES
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