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ABSTRACT
If Bacillus sphaericus is to be successfully developed for use as a mosquito larvicide, it must
be possible to produce the bacterium and its associated toxin inexpensively on a large scale.
This will require the selection of a strain that is suitable to growth in large fermcntors using
simple, rather crude substrates to produce a highly toxic cell mass. That cell mass should be
readily recoverable, stable in storage, and amenable to formulation and dispersal. With respect
to growth, B. sphaericus is not able to metabolize carbohydrates and this prevents the use of
such common fermentation substrates as molasses (sucrose), whey (lactose), and com syrup
and cellulose hydrolysates (glucose). We have found that some of the enzymes of the
Embden-Meyerhof path and of other metabolic paths present in other bacteria are missing in B.
sphaericus. Furthermore, B. sphaericus is unable to transport glucose or sucrose into the
bacterial cells. It is unknown if the genes coding for the enzymes of these pathways and for the
proteins used for transport are missing or if they are not being expressed. Thus, these bacteria
must be grown on proteinaceous substrates. Of the rather small number of strains which have
been examined in some detail, strain 2362 seems to be the most toxic and to possess certain
other properties which make it suitable for development. For example, it produces toxin at a
higher temperature and at a higher protein content in the medium than two other strains
examined (1593, 2297). Since toxin synthesis requires the onset of sporulation, it is important
that a high percentage of the bacteria] cells which are grown be induced to initiate sporulation.
It is less important that sporulation actually be completed i.e. it is not necessary that final,
mature, heat resistant spores be formed for a high level of toxicity to be achieved. However, it
may be important to have a high number of spores in the larvicide to produce the extended
larvicidal effect which has sometimes been reported for this bacterium. This question has not
been answered experimentally. During growth of strain 2362 in proteinaceous media, a high
pH develops (8.5-9.0). We found that control of the pH in the fermentor at 7.2 did not increase
the final level of toxicity achieved. Since B. sphaericus is an aerobic bacterium, it is necessary
to provide air to a fermentor during growth, however, increasing the level of dissolved oxygen
by the use of pure oxygen instead of air (21% O2) did not increase the final toxicity. At the
completion of sporulation and toxin synthesis, the bacterial cells lyse and liberate the spore and
the attached toxic parasporal body. Cell lysis results in a lower amount of cell solids being
recoverable by centrifugation since cytoplasmic proteins and ribosomes arc lost. However, the
solids which are recovered contain most of the toxin (the paraspore) and thus the toxicity of the
recovered solids after cell lysis may be higher per unit weight than was the toxicity of the
solids prior to cell lysis even though no new toxin was synthesized.

INTRODUCTION
The successful development of Bacillus sphaericus as a mosquito larvicide will depend upon the
production of the bacterium and its associated toxin inexpensively on a large scale. This wiII
require the selection of a bacterial strain that is suitable for growth in large fermentors using simple,
rather crude substrates to produce a highly toxic cell mass. That cell mass should be readily
recoverable,

