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Abstract — The aim of this work was to evaluate the influence of the enzyme cholesterol oxidase
(Coase) on emergence and viability of larvae of the cotton boll weevil (Anthonomus grandis Boheman,
1843). A seriesof bioassays was performed with eggs and neonate larvae exposed to different enzyme
concentrations in artificial diet. Larval survival was affected at all enzyme concentrations tested, and
thesix-day LDg, was 53 ug/mL (Cl o, 43-59). Coase also interfered with hatching of larvae after eggs
were floated for 15 min in Coase solution at different concentrations. Observations at the light and
electronic microscopic level of midgutsfrom larvaefed on artificial diet containing 53 ug/mL of Coase
and collected at six days revealed highly vacuolated regions in the epithelial cells as well as partial
degradation of the basal membrane and microvilli.

Index terms: Anthonomus grandis, Insecta, animal tissues, epithelium, intestinal histology.
Interferéncia da colester ol oxidase na eclosdo e viabilidade das larvas do bicudo-do-algodoeiro

Resumo — O objetivo desse trabalho foi avaliar ainfluéncia dacolesterol oxidase (Coase) naeclosdo e
viabilidade de larvas do bicudo-do-algodoeiro (Anthonomus grandis Boheman, 1843). Uma série de
bioensaios foram conduzidos com ovos e larvas neonatas, 0s quais foram expostos a diferentes
concentragfes da enzima em dieta artificial. A sobrevivéncia das larvas foi afetada em todas as
concentracdes testadas, e a DL, no sexto dia, foi de 53 ug/mL (IC g, 43-59). A Coase também
interferiu na eclosdo daslarvas quando os ovos foram submersos por 15 min em solugéo de Coase, em
diferentes concentragdes. Observagdes feitas ao microscopio deluz e el etrénico no intestino médio das
larvas alimentadas durante seis dias com dieta artificial contendo 53 ug/mL de Coase revelou regides
altamente vacuolizadas nas células epiteliais, bem como degradacéo parcia das membranas basal e

microvilli.

Termos paraindexagdo: Anthonomus grandis, Insecta, tecido animal, epitélio, histologiaintestinal.

Introduction

Sinceitsintroduction to Brazil, 19 years ago, the
boll weevil (Anthonomus grandis Boheman, 1843)
has become the most damaging pest of cotton
(Gossypium hirsutum L..) crop. Before its introduc-
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tion, Brazil wastheworld'slargest exporter of cotton
fibers, nowadays, the production has been dramati-
cally reduced and isinsufficient, even, to satisfy the
annual national demand of 850,000 ton (Beltréo, 1999).
Research has produced several technologiesaiming
to minimize the damage caused by thispest, e.g. ear-
liness and short cycle cultivars. The principal con-
trol, however, is obtained through the application of
chemical insecticides. The drawbacks of this ap-
proach are high costs of the insecticides and the
relatively narrow window during the crop’s devel op-
ment when insecticide application is effective. This
isdueto thefact that boll weevil eggs are deposited
within the cotton squares and bolls and the larvae
develop entirely within those structures. If insecti-
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cide application is not made at the right time,
the reduction in yield can amount to over 70%
(Gabrid et ., 1986). Besides, theindiscriminateand
incorrect use of insecticides has lead to extremely
negative consequences, affecting humans directly
and/or indirectly via the agricultural ecosystems
(Almeida, 2000).

Several research centershave madeeffortsto search
and evaluate new insecticidal proteinssuitablefor boll
weevil control in particular lectin and amylase and
proteinase inhibitors; however, according to
Greenplateet al. (1995), thesemoleculesretard growth
and increase the time of development of the parasite,
but seem to afford little acute toxicity.

As an alternative, Purcell et al. (1993, 1994)
tested several microbial filtratesfor insecticidal ac-
tivity against boll weevil and found that two Srep-
tomyces culture filtrates killed boll weevil larvaein
feeding studies. It wasfound that the active compo-
nent was cholesterol oxidase. In neonate and
2ndinstar larvae fed on diets containing thisenzyme,
the epithelial cell layer of the midgut was disrupted
at low doses and complete lysed at high ones.
Greenplate et al. (1995) showed the effect of cho-
lesterol oxidase on fertility and egg viability using
artificial bolls treated with a 50 ug/mL of enzyme
solution, and concluded that cholesterol oxidase
might represent an alternative to the insecticides
currently used for boll weevil control.

The objective of this work was to evaluate the
influence of cholesterol oxidase on emergence and
viahility of larvae of the cotton boll weevil.

Material and Methods

The enzyme Streptomyces cholesterol oxidase
(EC 1.1.3.6) (SIGMA C.8649) was used throughout the
experiments. Artificia diet was prepared with soybean
meal enriched with vitamins and mineral salts in a
medium optimized by Monnerat et al. (1999). Cholesterol
oxidase was incorporated into the diet at the concentra-
tions41, 47,63, 59, 65, 71 and 77 ug/mL. Bioassayswere
carried out at constant environmental conditions in a
bio-climatic cabinet programmed for a 14:10 day/night
rhythm, 28°C and 65% relative humidity.

In order to test the influence of the enzyme on emer-
gence, ten batches of 25 viable eggs were immersed in
18% CuSQO, solution for onemin, washed in distilled water
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and disinfected in 0.3% benzalkonium chloride for one
hour. Subsequently the eggs were floated in 500 uL of
solutions containing 41, 47, 53, 59, 65, 71 and 77 ug/mL
enzyme for 15 min, distributed on a 12 cm diameter Petri
dish containing artificial diet and incubated in a bio-cli-
matic cabinet. Evaluation was done on the 4% day.

Theeffect of cholesterol oxidaseonlarval survival was
tested asfollows: ten batches of sixty neonate larvae each
were fed on artificial diet containing 1 mL Coase at 41,
47, 53, 59, 63, 71 and 77 ug/mL. Plates containing the
larvae were placed in a bio-climatic cabinet, and evalua-
tion was made seven days after initiation of the experi-
ment.

For the histological tests, midguts from larvae fed for
six days on artificia diet containing cholesterol oxidase
(Coase) at 53 ug/mL were dissected in 0.1 M cacodylate
buffer (pH 7.3). The tissue was fixed in 0.1 mM sodium
cacodylate buffer (pH 7.3) containing 2% glutaraldehyde,
4% paraformaldehyde and 5 mM calcium chloride and
postfixed in a solution containing 2% osmium tetroxide
and 1.6% potassium ferricyanide. Then, samples were
dehydrated in an acetone gradient and embedded in Spurr.
Semi-thin 500 nm sections, obtained with the Leica
Ultracut were stained with toluidine blue for observations
in the light microscope. Ultrathin 60 nm sections were
stained with uranyl acetate for observation in the electron
microscope.

The databearing on theinterrel ationship between dose
and larval mortality were analyzed by Probit regression,
using the SAS program (SAS Institute, 1999) to estimate
the LDsp and its 95% confidence interval (Cl gse,). The
control mortality rate was included in the model. The %2
value was used to measure the fit of the Probit regression
line with the observed points.

Results and Discussion

Thelinear effect of different doses of cholesterol
oxidase on the emergence of boll weevil larvae is
showninTable 1. A clear-cut dose-dependency with
respect to hatching rate is evident (P<0.001). This
result suggeststhat Coase moleculesare ableto pen-
etrate the egg shell affecting thelarval development.
Theevaluation of thisassay wasdone after four days;
by then unhatched eggs assumed a withered and
opague aspect and emerged larvae showed retarded
development and low moability (Figure 1).
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According to Lange (1992), treatment with Coase
can promote the passive permeability of plasma
membranes to small solutes such as K* ionswhich,
in turn, could lower egg turgor causing the withered
aspect as well as cellular lysis and oxidation of in-
tracellular componentsresulting in the reduced emer-
gencerate.

Asto the larval assay, the Probit model revealed
that larval mortality is dependent on the enzyme
concentration. The goodness of fit in thismodel pro-
duced a Pearson X2 =3.5 with five degrees of free-
dom and P = 0.62. In this case, confidence interval
(CI) for LDsgp does not request adjustment by a het-

Table 1. Influence of cholesterol oxidase (Coase) concen-
tration on the emergence and mortality rates of boll wee-
vil larvae®.

Coasedose (ug) Emergencerate® Mortdity rae

a1 62 (43-88) 31 (31-58)
47 58 (41-83) 37 (37-62)
53 53 (37-76) 49 (49-69)
59 51 (36-73) 54 (53-72)
65 49 (34-70) 55 (55-73)
71 42 (29-60) 67 (66-80)
77 32 (22-46) 72 (71-83)
CV (%) 14 12

MCI gg9 (Dunnett’s two-tailed t-test) of log-transformed variable are
enclosed in parenthesis; all comparisonswere significant at the 0.05 level;
Cl: confidence interval. @Emergence = [100 x (number of emerged lar-
vae after treatment/number of emerged larvae in the control (15+2.0)];
data refer to the mean values from 10 assays of 25 eggs/assays and to
back-transformed comparisons dose vs. control. @Mortality data were
obtained from 600 neonate larvae; natural mortality was estimated at
34+4.4%.

Figure 1. Cotton boll weevil larvae (second and third
instar) reared on cholesterol oxidase-containing diet (at right)
and without treatment (control, at left). Magnification: x 49.
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erogeneity factor. LDsgis53 pg/mL (Cl gso,: 43-59).
These results do not include any effect due to natu-
ral mortality rate, estimated at 34+4.4%.

Light and transmission microscopic observations
of midguts from control larvae showed a well-de-
veloped striated border in the apical part of the cells,
a conserved basal membrane as well as few
cytoplasmatic vacuoles (Figures 2A, 3A, 3B and
3C). In addition, it appears that the mitotic activity
in control intestinesismoreintense thanin enzyme-
treated material (Figure 2A). In contrast, midguts
from larvae fed on artificial diet containing Coase
revealed partial degradation of themicrovilli and the

Figure 2. Basal membrane (BM) and microvilli (M) of
midgut sections in cotton boll weevil larvae without
treatment (A) and six days after artificial diet containing
53 ug/mL of cholesterol oxidase (B). Magnification: x 400
and x 415, respectively; stain: toluidine blue.
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basal membrane and highly vacuolated regions in  DuFrancais(1984) mentioned that cell degeneration
theepithelial cells(Figures 2B, 3D, 3E and 3F), char-  is characterized by an increase in the number and
acteristics that point to cell degeneration. Fain- volume of autophageous vacuoles and generally
Maurel et al. (1973) and Martoja & Ballan- appearsincellsfatedtodie. Purcell et a. (1993), who

Figure 3. Electron micrographs of cotton boll weevil midguts showing the basal membrane (BM), the
microvilli (M) and the vacuoles (V) of controls (A, C and E; magnification: x 9.500, x 6.900 and x
17.500, respectively) and of individuals reared on artificial diet containing 53 ug/mL of cholesterol
oxidase (B, D and F; magnification x 9.200, x 7.500 and x 18.500, respectively).
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reported disruption of the boll weevil midgut cells,
made similar observationsat 10 ug/mL and complete
lysisof the cellsbetween 30 to 100 ug/mL of Coase.

According to Gottlieb (1977), the effect of Coase
on erythrocyte membranesis most likely due to the
substitution of the membrane cholesterol through
the reaction product, A%-cholestenone, and the re-
action of membrane components with H,O, pro-
duced by the enzyme reaction.

Cholesterol is an important component in boll
weevil metabolism. According to Earleet al. (1967),
larvae require aminimum of 20 mg of cholesterol per
100 g of diet for normal development. In order to
guarantee this supply, boll weevil feed and lay eggs
predominantly on cotton squares and bolls and the
insect removesthe cholesterol precursor 3-sitosterol
fromflora structures (about 87%in budsand 78%in
cotton anthers) converting it to cholesterol.

The development of boll weevil ishighly depen-
dent on the availahility of cholesterol, and choles-
terol oxidase has shown, hereand in previousworks,
antagonistic to the normal physiology of the insect.
Therefore, thisenzymemight well represent an alter-
native to other proteins, such as Bacillus
thuringiensis toxins or proteinase inhibitors, which
have been contemplated or used for the construc-
tion of transgenic, insect resistant cotton plants.

Conclusions

1. Larval viability of boll weevil isaffected by cho-
lesterol oxidase at all enzyme concentrations, and
thesix-day L Dspis53 pwg/mL (Cl gse: 43-59).

2. Emergenceof larvaeisalso affected by choles-
terol oxidase solution at different concentrations.

3. Larvaefed on artificial diet containing choles-
terol oxidase show highly vacuolated regionsin the
epithelial cells aswell as partial degradation of the
basal membrane and microvilli.
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