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Atividade Inseticida do Sobrenadante da Cultura de Cepas de Bacillus thuringiensis
Berliner Contra L agartas de Spodoptera frugiperda Smith (L epidoptera: Noctuidae)

RESUMO — Recentemente, proteinasinseticidas vegetativas (Vips), identificadas
no sobrenadante da culturade certas cepas de Bacillusthuringiensis (B.t.), foram
capazes de controlar algunsinsetos-praga economicamente importantes. Como
avaliacdo do potencial de aplicabilidade destas proteinas contra a lagarta-do-
cartucho (Spodoptera frugiperda Smith), o inseto-praga mais importante da
culturado milho, as caracteristicas e 0 efeito de mortalidade do sobrenadante
da culturade cinco cepas de B.t. foram investigadas. Notaveis diferengas entre
as cepas foram detectadas, ndo somente em termos de eficiéncianamortalidade
dosinsetos, mas também nas diferencas de mortalidade entre os sobrenadantes
aquecido e ndo-aquecido, tratamentos estes que foram usados para distinguir a
fragdo protéica inseticida termo-sensivel de outra fragdo termo-estavel, de
naturezando-protéica (b-exotoxinas). Os padrdes qualitativo, quantitativo etem-
poral de secrecéo daproteinatotal no meio (sobrenadante) foram avaliados por
espectrofotometria e eletroforese em gel de poliacrilamida. As cepas
apresentaram distintas taxas de crescimento e tempos de secre¢do de proteinas
em relacdo a densidade de células na cultura. Além disso, o padréo de bandas
eletroforéticas também variou de maneira cepa-especifica, em ambas condi¢cdes
desnaturantes e nao-desnaturantes. Polipeptideos que apresentaram peso mo-
lecular semelhantes aos esperados para proteinas Vip3A identificadas
anteriormente foram encontrados em cepas com alta taxa de mortalidade do
sobrenadante. Os dados sugerem apossibilidade e autilidade de pesquisar fracdes
inseticidas de natureza protéica (do tipo Vip) em sobrenadantes de B.t., como
formaparadesenvolver aternativas especificas e eficientes de control e biol 6gico
gue possam ser empregadas em programas de manejo integrado de S frugiperda
em milho tropical.

PALAVRAS-CHAVE: Insecta, controle bioldgico, lagarta-do-cartucho do
milho, proteinasinseticidas vegetativas, genes Vip.

ABSTRACT - Novel vegetative insecticidal proteins (Vips) identified in the
supernatant of Bacillusthuringiensis (B.t.) cultures have shown to provide ad-
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equate control over awide spectrum of economically important crop pests. To
evaluate the potential applicability of these proteins against fall armyworm
(Spodoptera frugiperda Smith) larvae, the most important insect pest for tropi-
cal maize, the characteristics and mortality effects of culture supernatants from
five B.t. strains were investigated. Striking differences among strains were de-
tected, not only interms of efficiency inkilling the insect, but aso regarding to
mortality effects of heated and non-heated supernatants, which were used to
distinguish the heat-sensitive protein-derived insecticidal fraction from ather-
mostable one, with anon-protein nature (b-exotoxinas). The qualitative, quanti-
tative and temporal patternsof total protein secretion inthe medium (supernatant)
were assessed through spectrophotometry and polyacrylamide gel el ectrophore-
sis. The strains showed remarkably distinct rates of growth and timing for pro-
tein secretion relative to cell density in culture. Moreover, the electrophoretic-
banding patterns also varied in a strain-specific manner, both in denaturing and
non denaturing conditions. Polypeptides displaying a molecular weight that is
very close to the expected for previously identified Vip3A proteins were found
for the strainswith high supernatant-mortality ratios. The data suggest the feasi-
bility and usefulness of searching for protein-derived (Vip-like) insecticidal frac-
tionsin B.t. supernatants as amean of developing especific and efficient alter-
natives of biological control to be employed in integrated pest management
programs of S frugiperda in tropical maize.

KEY WORDS: Insecta, biological control, fall armyworm, vegetative insec-
ticidal proteins, Vip genes.
The fall armyworm, Spodoptera

frugiperda Smith, is one of the most impor-
tant pests for tropical maize, causing up to
34% reduction in the overall productivity of
this crop in Brazil (Cruz et al. 1996). The
control of fall armywormismostly performed
by means of chemical insecticides, a tradi-
tional system that has negative side effectsto
human and animal health, as well as to the
environment as awhole. The biological con-
trol of insect pests by directly employing natu-
ral enemies, or substances derived from them,
appear as an alternative to minimize the im-
pact of chemical pesticide applications
(Valadares-Inglis et al. 1998). A proper un-
derstanding of the ecological mechanismsin-
volved in the interactions between pests and
their natural enemies is desirable to reduce
costsin crop production, to prevent chemical
intoxication of workers, and to preserve the
environment and public health.

Insecticidal d-endotoxins, effective

against Spodoptera spp. and other insects but
innocuous to animals and humans, are the
constituents of parasporal crystal inclusions
produced during the sporulation phase of the
soil bacterium Bacillusthuringiensis, or ‘B.t.
(Bravo 1997). These compounds have been
used in the formulation of commercial
bi oi nsecticides, which have shownto provide
adequate and consistent levels of biological
control of fall armyworm (Hofte & Whiteley
1989, Knowles 1994, Valadares-Inglis et al.
1998). However, problems related to (i) the
reduced persistence of pure endotoxins over
the plant during enough time for an efficient
entomocidal action, (ii) the difficult access of
theinsect to the endotoxins as aconsequence
of their physical-chemical properties, and (iii)
the yet high costs of production for these
bioinsectides, areall responsiblefor anot very
wide diffusion of such system of biological
control (Koziel et al. 1993, Valadares-Inglis
et al. 1998). Therefore, in order to improve
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the efficiency of insecticidal formulationsand
S0 to reduce manufacturing costs, it is still
necessary to search for new toxinsand strains,
and to test different combinations of them
(Bohorovaet al. 1997).

Novel B.t. insecticidal proteins, recently
isolated from the culture supernatant of cer-
tain strains in the vegetative growth phase
(vegetative insecticidal proteins, or Vips),
have provided adequate levels of control
against a wider spectrum of economically
important crop pests when compared to the
d-endotoxins (Estruch et al. 1996, Yu et al.
1997). The polypeptides corresponding to Vip
activitieshaveamolecular weight of ~88 kDa
and are sengitiveto high temperatures (Estruch
et al. 1996). This characteristic isimportant
to help differentiate the protein-derived ac-
tivity from another form of thermostable in-
secticidal action that is also present in the
supernatant, the b-exotoxins (Bond et al.
1971, Estruch et al. 1996). In this work, the
potential applicability of this novel type of
protein-derived insecticidal activity secreted
inthe culture supernatant was assessed for five
B.t. strains against tropical fall armyworm.
Possible differences in insecticidal action
among the strains, and between distinct frac-
tions of their respective supernatants were
investigated, aswell aswhether the presence
of particular peptides might correlate with
highinsecticidal activity.

Material and M ethods

Bacterial strainsand culturing conditions.
Five B.t. strains were used in these experi-
ments; two—*'T09" and ‘HD125' - were con-
sidered as being ‘foreign’, since they were
obtained from the collections of the I nstitute
Pasteur (France) and the U.S. Department of
Agriculture, respectively. Theremaining three
strains, ‘344, ‘'520B’ and ‘606A’, belong to
a collection of strains obtained from Brazil-
ian soils and under the supervision of the
Applied Biology Group - NBA - of the Na
tional Maize and Sorghum Research Center -
CNPMS/EMBRAPA. They were chosen for
these studies due to a different performance
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regarding the biological effect of their
paraspora crystal inclusions (d-endotoxins)
on S frugiperda larvae (Valicente et al., in
press). To insure fresh and standardized bac-
terial culturesfor the experiments, clumps of
cells from —80°C stocks of each strain were
pre-inoculated in 20 ml of medium (using 125
ml-flasks) and grown for about 12 hours at
30°C, at 300 rpm, in arotatory shaker. Twenty
ml from each of these so called ‘ pre-cultures’
were then inoculated in 80 ml of the same
medium (in 250 ml-flasks) and incubated in
the same conditions for 16 hours. The bacte-
rial cells were cultivated in a modified ver-
sion of PMB medium (Bohorovaet al. 1996)
with thefollowing composition per liter: pep-
tone 5.0 g, meat extract 3.0 g, yeast extract
2.09,MgS0,0.39, FeSO, 0.02g, ZnSO, 0.02
g,and MnSO, 0.02 g. In order to estimate the
amount of cellsin culture at a certain time,
the optical density (O.D.) wastaken by spec-
trophotometry at awavel ength of 600 nm, by
removing an 1-ml aliquot from the culturefor
direct measurements.

Super natant collection and total protein ex-
traction. The supernatants from the strains
were collected by centrifugation of thewhole
80 ml-culturesabove, splitin 40-ml cap-tubes,
and spun in a fixed-angle rotor (SL-50T,
Sorvall® Super T 21 centrifuge) at 30,500 x g
for 15 min at 4°C. The liquid was withdrawn
carefully toavoid disturbing the pellet of cells,
collected in aseparate container, and filtered
by gravity through 3MM paper to assure com-
plete removal of clumps of cells that might
be still present. Total protein was extracted
and purified according to a established pro-
tocol (Estruch et al. 1996), which is summa-
rized asfollows: thetotal protein fraction was
precipitated with ammonium sulfate at a 70%
final concentration on ice, centrifuged at ap-
proximately 20,000 x g for 12 min,
resuspendedin 10 ml of 20mM Tris-HCI (pH
7.5), dialized in one liter of the same buffer
(exchanged three times) at 4°C, adjusted to
pH 4.5 using sodium citrate at pH 2.5, | eft at
room temperature for 40 min, spun down at
~20,000 x g for 12 min, and finally
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resuspended in 500 ml of the same buffer. The
protein was quantified by the method of Brad-
ford (1976).

Polyacrilamyde gel electrophoresis. The
protein composition of each supernatant was
assessed by polyacrylamidegel electrophore-
sis, under both denaturing and non-denatur-
ing conditions (SDS- and Native-PAGE).
Seven mg of total protein per strain were
resuspended in loading buffer with SDS + b-
mercaptoethanol, boiled for 2 min, loaded into
vertical mini-gel (BioRad®), and ran for 3.5
hours at 65 V. The stacking gel was 6.0%
acrylamide / 0.125 M Tris-HCI (pH 6.8) /
0.1% SDS, and the resolving gel was 12.5%
acrylamide/ 0.5M Tris-HCI (pH 8.3) / 0.1%
SDS (Laemmli 1970). The gels were after-
wards stained by asensitive silver-based tech-
nigque, asdescribedin Blum et al. (1987). For
non-denaturing (native) PAGE, theoverall gel
and running conditions were the same as for
SDS-PAGE, except that SDS and b-
mercaptoethanol were eliminated from the
stacking and resolving gels, as well as from
theloading buffer. In order to differentiate the
thermosensitive insecticidal portion (Vip) of
the secreted B.t. proteins from thermostable
b-exotoxins present in the supernatant of each
strain (Bond et al. 1971, Estruch et al. 1996),
the native-PAGE was performed applying
heated (1-2 min at 95°C) and non-heated pro-
tein samplesfor each strain. The gel pH (8.8)
is appropriate for proteins with an acidic net
charge, asin the case of Vips.

Insect rearing and toxicity bioassays. For
each strain, the heating of its culture
supernatant (20 min at 95°C, then ice for 5
min) was used to distinguish between the ef-
fects of the thermosensitive insecticidal por-
tion (Vip) and the thermostable fraction
(Estruch et al. 1996) on the mortality of S
frugiperda larvae. Two days-old larvae of fall
armyworm were obtained from ovipositions
of field-sampled femal e adultsreared on arti-
ficial, semi-solid diet cubes (~1 cm?®), at 28°C
inal4hlight: 10 hdark conditions. Thediet
composition, which was the same used for all
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toxicity experiments, wasasfollows (for every
liter of water): cooked-bean grains 123.6 g,
wheat germ 59.3 g, live beer-brewing yeast
38.0 g, ascorbic acid 3.82 g, nipagin 2.36 g,
sorbic acid 1.23 g, agar 15.35 g, formade-
hyde 3.1 g, phosphoric acid 0.131 ml, and
propionicacid 1.3 ml. Diet cubeswere soaked
in 5 ml of either heated or non-heated
supernatantsand applied to larvae, which were
maintained individually in closed 50-ml dis-
posable containers (one diet cube per con-
tainer). Mortality was computed every three
days during the whole larval period. Control
larvae were reared in diets soaked in heated
and non-heated pure culture medium. The
supernatants used for the toxicity bioassays
were collected and processed from 16-18 h-
grown bacterial cultures. To eval uate statisti-
cally the difference in mortality between the
non-heated and heated aliquots of the
supernatant from a given strain, a chi-square
(%3 analysis was performed based on a 2x2
contingency table, on a per-strain basis; the
null hypothesis considered wasthat therewas
no differencein larvae mortality between non-
heated and heated aliquots of a given
supernatant. They? values and the respective
probabilities of the differences as being due
to randomness (‘P'; 1 d.f.) are shownin Fig.
1 for the strains with a minimum mortality
ratio of 0.2. The number of larvae assayed
per strain were 94 for T09, 93 for HD125,
and between 43 and 48 for the strains 344,
520B, 606B, and for the control.

Resultsand Discussion

Thenumber of cellsin culturewasinitialy
evaluated asaproper parameter for the stand-
ardization of culture conditions, such that cul-
tures from the five strains were allowed to
grow until a narrow optical density (O.D.)
range of 0.9-1.1, at 600 nm, and their total
protein content was estimated directly from
the supernatant. The results indicated that
culturesfrom different B.t. strains behave dif-
ferently regarding the total amount of protein
secreted in the medium relativeto the density
of cells(Table 1). Thestrain 606B grew faster,
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reaching the above specified O.D. after 5 h of
culture, whereas 520B and 344 were slower,
taking 6 h and 40 min to do so. Nevertheless,
theformer showed the lowest amount of total
protein in the supernatant, in contrast to the
latter two, which had a supernatant with the
highest protein content (Table 1). A possible
explanation for this trend would be that the
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amount of proteinaceous material present in
the medium, which might be explained by
higher rates of protein absorption than secre-
tion by the cells, at initial stages of culture
growth. This phenomenon a so occurred for
the other four strains, although at lower opti-
cal densities. Further studies on the whole
profile of protein secretion through culturing

Table 1. Incubation time required and estimation of the total protein content of the
supernatant from five B.t. strains, which weregrown uptoa0.9to 1.1 values of optical density

at 600 nm.

B.t strains Incubationtime Total protein estimate! Differenceto control
(h:min) (O.D. at 595 nm)

Medium (control) - 0.424 -

606B 5:00 0.332 -0.092

HD125 6:00 0.535 0.111

TO9 6:30 0.547 0.123

520B 6:40 0.630 0.206

344 6:40 0.619 0.195

!Estimated by the method of Bradford (1976) that measures absorbance of light by protein-

dye complexes at awavelength of 595 nm.

strainsdisplay aspecific physiological trade-
off between cell division and protein metabo-
lism, with the secretion of proteins appearing
to beinversely proportional tothegrowthrate,
at least at those initial stages. This conse-
quently suggests that cell number is not an
appropriate standard to describe a similar
physiological state among different B.t. cul-
tures. Moreover, the fact that the strains also
demonstrated adistinct rate of growth further
disapproves O.D. at 600 nm as the standard-
izing parameter because, when performing
comparative studieswith B.t. strains, the cul-
turing process should be inconveniently in-
terrupted at different times.
Thedifferencein thetotal amount of pro-
teinin the supernatant (O.D. at 595 nm) rela-
tive to the control (pure medium) yielded a
negative value for the 606B strain (Table 1).
This seemsto indicate a decrease in the total

timeare currently underway for theseand other
B.t. strains in order to assess thoroughly the
rel ationships between cell density, growth rate
and protein secretion in the supernatant
(medium).

The range of O.D. a 600 nm chosen for
these studies (between 0.9 and 1.1) aimed to
collect the supernatant at the logarithmic
phase of culture growth, which is when the
secretion of Vips is expected to initiate
(Estruch et al. 1996). Since cell density has
not shown to beagood parameter for aproper
standardization of the physiological condi-
tionsof B.t. cultures, the* culturing time’ was
then employed, based upon two arguments:
first, the secretion of Vips extends farther
during the culturing process, even after reach-
ing the sporulation phase (Estruch et al. 1996);
and second, aminimally measurable amount
of protein isaccumulated for al strains after
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reaching the stationary phase (data not
shown), thus allowing comparisons among
distinct supernatants collected at asametime,
in terms of their insecticidal activity. Hence,
standardized 16 to 18-h grown culturesfrom
al strains had their crude supernatant col-
lected and used for biological assays, inwhich
themortality of fall armyworm was evaluated
on feeding experiments using artificial diets
(Fig. 2).
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of the supernatant, but did not eliminate it,
suggesting that there are in fact two forms of
insecticidal action in the supernatant: a con-
spicuous one, which wasresponsibleaonefor
aratio of mortaity inthe 0.65-0.78 range (T09
and HD125), and appeared to be thermosta-
ble (probably b-exotoxins—Bond et al. 1971),
sinceit remained active after extensive heat-
ing. The other, thermally sensitive, was as-
sessed by the difference between ‘total’ and
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Figure 1. Mortality of S. frugiperda during the larval period on laboratory feeding experi-
ments, in which artificial diets were soaked in non-heated and heated supernatants collected
from five B. thuringiensis strains cultured up to 16 - 18 h. (‘y? = chi-square value of the
difference of deaths between non-heated and heated supernatant, per strain; ‘' P' = probability

of those differences being due to randomness).

Remarkabledifferencesin mortality ratios
arereadily observed from the graph, with the
strains HD125 and T09 showing higher in-
secticidal activity on their supernatantswhen
compared to the other three strains. Heating
the supernatant at 95°C before applying to the
larvae generally caused adrop in the activity

‘heated’ activities (Fig.1). Aspointed out ear-
lier, itisvery likely that such athermal-sensi-
tive portion of the supernatant correspond to
a protein-like (Vip) insecticidal activity
(Estruch et al. 1996).

In order to address the statistical signifi-
cance of the differences between non-heated
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and heated supernatants on aper-strain basis,
achi-square (y?) analysiswas performed (see
Methods). Although none of the x? values
obtained for the differences shown in the
graph strictly indicated a statistical signifi-
cance at the conventional level (i.e. P<0.05;
1 d.f.), if one considers lowering the strin-
gency for statistical significance, thenthere-
sults might suggest that the strain HD125
would in fact contain a protein-like insecti-
cidal action (P=0.15). Adding support to this
statement, feeding experiments using the pu-
rified total protein from the medium (see be-
low) revealed a detectable mortality effect
only for the strain HD125 (data not shown),
confirming the trend observed from the pre-
vious experiment. Another important conclu-
sion that can be drawn from the data is that
supernatant-insecticidal activity in B.t. strains
isnot associated with the same effect produced
by the parasporal crystal inclusions. With ex-
ception of 606B, all strains used in thiswork
had shown previously to haveavery high crys-
tal-like activity against S frugiperda larvae,
with mortality ratios of 1.0 (Vaicente et al.,
in press); here, only the supernatant from
HD125 and TO9 were more effective, yet
showing a lower mortality ratio ranging be-
tween 0.65 and 0.90. It isimportant to men-
tion, though, that at least part of the differ-
ences in supernatant mortality observed
among strains could have been possibly due
to distinct strain-specific profiles of total and
Vip protein secretion, bothinaqudlitativeand
guantitative manner, as we were limited to
culturing time asthe standardizing parameter
for these experiments (see above). Neverthe-
less, these results seemed sufficient to dem-
onstrate the feasibility of searching for effi-
cient supernatant insecticidal proteins based
on their heat-dependent activities.

Taking into consideration that part of the
contrasting effects in the mortality of fall
armyworm, on laboratory feeding experi-
ments, observed among strains could have
been due to either less protein accumulated
inthe supernatant of certain strainsat agiven
time (quantitative component), or to adistinct
pattern of polypeptides secretion (qualitative
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component), the total protein secreted in the
medium of four cultures showing contrasting
effects of mortality (T09, HD125, 520B, 344)
was purified, and its composition analyzed
through polyacrylamide gel electrophoresis
(Figs. 2 and 3). Although a small difference
in the total quantity of protein recovered by
the extraction procedure was indeed noted
between strains, the qualitative differencesin
the peptides present in the supernatants
seemed more remarkable.

The electrophoretic profile under denatur-
ing conditions (SDS-PAGE) showed a very
specific banding pattern for each strain (Fig.
2), in sharp contrast to asimilar peptide com-
position exhibited by those same strainswhen
the crystal (d-endotoxin) fraction was puri-
fied and electrophoresed (Valicente et al., in
press). This result suggests, indeed, that the
differencesinthe protein-derived (heat-1abile)
insecticidal fraction among supernatants is
probably caused by a higher or lower secre-
tion of Vip-like peptides, which is a strain-
specific component. To strengthen this hy-
pothesis, bands with the approximately 80-
kDa molecular weight expected for Vip3A
proteins (Estruch et al. 1996) wereidentified
only inthetwo strainswith higher supernatant
activity (arrows - Fig. 2). Considering the
potential of preliminarily screening for Vip
activitiesusing simple protein extraction and
SDS-PAGE, further work with more strains
isbeing now performed in order to confirmif
the presence / absence of those bands can
correlate with effective supernatants.

To further investigate the possibility of
using peptide band(s) asamarker for signifi-
cant Vip-likeactivity, the protein composition
of each supernatant was al so assessed by na-
tive-PAGE (Fig. 3). Asit can be noticed, the
electrophoretic pattern of the non-heated sam-
ples appeared to be also different anong the
four strains, despite the similar mortality ef-
fects of the TO9 and HD125. Moreover, in
the heated samples, several bands disappeared
relatively to the non-heated counterpart, in-
dicating that they belong to the heat-sensitive
fraction of the total supernatant protein.

The presence of some thermally labile
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Figure 2. SDS-PAGE (12.5% gel) of total protein extracted from 16-h culture supernatant
of four B. thuringiensis strains showing contrasting effectsin the mortality of fall armyworm.

bands common to T09 and HD 125, but not to
344 and 520B, may be associated with Vip-
likeactivitiesagaingt fall armyworm, sincethe
migration of potentia Vip protein(s) through
the gel was insured by its(their) acidic pl.
However, the analysis of more strainsis cer-
tainly required to confirm this hypothesis,
sincethenon-lethal supernatant of the 344 and

520B strains also showed heat-labile bands,
although not necessarily with the same elec-
trophoretic pattern of migration (Fig. 3).
Bandsthat decreased their intensity relatively
to the non-hesated counterpart al so correspond
to thermally sensitive peptides, for which a
longer heating is probably needed for com-
plete disappearance. By contrast, bands with
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Figure 3. Native-PAGE (12.5% gel) of non-heated (25°C) and heated (95°C) samples of
total protein extracted from 16-h culture supernatant of four Bacillus thuringiensis strains
showing contrasting effectsin the mortality of fall armyworm.

a similar intensity that were present in both
heated and non-heated samples, in a single
strain, may either belong to amorethermosta-
ble fraction of the total protein secreted by
theB.t. cellsin the supernatant, or simply rep-
resent minimal peptide subunits produced by
the heat-derived denaturing procedure.

The results presented here certainly
stimulate further evaluation of supernatants
from other B.t. strainsagainst fall armyworm
(and perhaps other important insect-pests in
maize—Estruch et al. 1996), in the search for
even moreefficient Vip activitiesasdternative
bioinsecticides to be used in IPM programs.
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A collection of over a thousand other ‘do-
mestic’ strains, isolated from Brazilian soils
(Valicente et al., in press), are currently un-
der assessment of their Vip contents and ac-
tivity against S. frugiperda larvae. The com-
position of genes and secreted proteins of
these and other B.t. strainsis currently being
characterized in greater detail, not only with
the aim of pinpointing the specific Vip(s) re-
sponsible for the protein-derived biological
activity of B.t. culture supernatants against
tropical races of S. frugiperda, but also to
better dissect the protein composition in the
supernatant of B.t. strainseffectivein the con-
trol of S. frugiperda larvae, aswell asto help
isolate the Vip gene(s) possibly related to
those larval-controlling effects.
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