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ABSTRACT
Certain strains of the sporeforming bacterium, Bacillus sphaericus, are highly insecticidal to
mosquito larvae. These strains have been found in many soil and water habitats, including both
deserts and tropical areas. The insecticidal strains differ from non-insecticidal strains in
flagellar antigen serology and susceptibility to lytic phages, and these techniques can be used to
group the insecticidal strains into phage- or serotypes which contain strains of approximately
the same level ofinsecticidal activity. Bacillus sphaericus is highly insecticidal to Culex and
much less insecticidal to species related to Aedes aegypti and is not insecticidal to black fly
larvae.
Bacillus sphaericus has been successfully used in small field trials against susceptible
species and under conditions of high spore dose and heavy pollution has provided control for
several weeks. The bacterium recycles in dead larvae, producing an increase in number of
bacterial spores. However, it has not been proven that recycling is an important factor in
persistence of this organism at an effective level in the field.
A protein toxin of ca. M, 43,000 has been identified as the cause of larval death. This toxin
is produced in large quantity at sporulation, and is concentrated in a parasporal inclusion or
crystal which accompanies the spore. The crystal is dissolved in the larval gut releasing a toxin
of Mr 43,000 which is converted to a cytotoxic Mr 40,000 form by larval digestive enzymes.
The toxin also acts on cultured cells of sensitive C. quinquefasciatus, but not on cells of
nonsensitive species of mosquitoes or other insects. Recently it has been shown that binding of
the toxin to these cultured cells preceeds toxic activity, and that specificity of the toxin for
glycoprotein receptors on the cells is probably responsible for the restricted host range of the
bacterium. The toxin binds to specific regions of the midgut of susceptible larvae, but does not
bind to the gut of nonsusceptible larvae.
The gene for the toxin of Bacillus sphaericus has been cloned recently by at least four
different groups, and the genetic and amino acid sequences of the toxin have been reported. The
B. sphaericus toxin gene has been inserted into an alga.
This organism exhibits considerable potential a microbial control agent for vector
mosquitoes. Recent advances in genetics and understanding of the mode of action of this
bacterium should lead to genetic manipulation of the toxin to increase its host range and
persistence in the field.

Certain strains of the sporeforming bacterium, Bacillus sphaericus, are highly insecticidal to
mosquito larvae. These strains have been found in many habitats, including deserts, temperate, and
tropical areas (Table 1). Insecticidal B. sphaericus has been isolated from dead mosquitoes, black
flies, and other insects, and also from soil and water (Brownbridge and Margalit, 1987; Davidson,
1984; Lysenko et al., 1985; Mohsen et al., 1986; Weiser and Prasertphon, 1984). Isolation of B.
sphaericus is facilitated by three factors; the survival of the spores after pasteurization, the
resistance of this organism to the antibiotic streptomycin, and the ability of the bacterium to grow
with acetate as the sole carbon source (Hertlein et al., 1979; Massie et al., 1985; Singer, 1980; White
and Lotay, 1980; Yousten et al., 1985). A simple method for isolating B. sphaericus is given in
Appendix 1. Insecticidal strains of this organism are widely distributed (Table 1), and deliberate
search for useful strains in local mosquito habitats may prove fruitful.

