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The problem of Drosophila culture infection
by molds is as old as culturing fruit flies (Frobisher,
1926; Glass, 1934, 1936; Crew, 1936; Shipman, 1936;
Cross, 1939; Gowen, 1943). Despite numerous studies
on molds and their elimination from Drosophila
cultures, they can become a serious problem because
universal and efficient treatment is still missing. One of
the earliest chemical treatments comes from Mittler

(1947) who applied propionic acid to fly food to retard

mold growth. It is used also presently in combination
with phosphoric acid (Ashburner and Thompson, 1978; Ransom, 1982) and often potentiated with methylparaben
(Shorrocks, 1972; Ashburner, 1989) also known as Nipagin or Tegosept. However, application of these compounds,
even at increased concentration of methylparaben or propionic/phosphoric acid mix, seems to be unsuccessful to resistant
fungi like green coloured Penicillium sp. or black Aspergillus sp.

On the other hand, most of the antimetabolites and inhibitors (nystatin, benzalkonium chloride, o-
hydroxybiphenyl, Benomyl, carbendazime, Difocol, Tetradifon) described to have fungicidal or preventive effects in fly
cultures (McDonough, 1956; Lamb and Lilly, 1973, 1980; Sparrow and Warr, 1984; Warn and Geeson, 1988;
Ashburner, 1989) were either ineffective against these two species or at the concentrations effective against molds they
were deleterious to fly stock as well. Although one possibility lies in trials of various combinations of the above
mentioned drugs, we turned our attention to borate, an old and traditional medical disinfectant composed of boric acid
and sodium tetraborate. After first and random trials, we could see successful prevention of mold growth in cultures
transferred from infected vials which led to a series of
tests to find optimal concentrations. Conclusively, we
found that a solution of boric acid and sodium
tetraborate (stock of 5% boric acid and 1% sodium
tetraborate has pH 6.5 - 7.0) at final concentration
around 0.005% and 0.001%, respectively, were effective
in systematic treatment against growth and spreading
mold infection. This solution was successfully used in
agar-cornmeal-molasses-yeast medium as well as in
commercial instant fly food Formula 4-24 (Carolina
Biological Supply Company). This is a concentration we
would recommend for initial treatment, although some
higher doses can be used as well. Figure 1 illustrates
fungicidal activity of a wide range of tested
concentrations; borate solution below 0.001% boric acid
and 0.0002% sodium tetraborate are ineffective. Higher
concentrations of borate (0.05% boric acid and 0.01% e
sodium tetraborate) were too toxic to flies (Figure 2) 1 10 100 1000
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albeit still effective against molds.

Systematic treatment with borate means
continuous care of rescued stocks by transferring them
to vials with fresh borate-containing food every 2-3
days. Developing larvae are picked from the food by
clean forceps and transferred to vials with borate food;

Borate stock dilution

Figure 1 Efficiency of borate against molds expressed in
percentage of non-infected vials. Various dilutions from
undiluted up to 1:10,000 dilution, of the 5% boric acid and 1%
sodium tetraborate, were tested for their ability to

no adult flies are added to minimize contamination.
Larvae were allowed to complete development, and if
no molds were observed, newly emerged adults were
transferred to vials with half-concentrated borate
(0.0025% boric acid and 0.0005% sodium tetraborate). When the next generation with no fungal contamination was
obtained, the culture was considered healthy and included among other stocks. Here it needs to be emphasized that
handling and maintaining mold infected cultures has to be performed in a place separated from healthy stocks
(quarantine). All plastic vials were discarded after use, whereas glass vials were baked in a hot oven (200°C) for 4 hr
before reuse. Above procedure described here can appear more laborious than simple chemical treatment with other anti-

prevent/inhibit growth of fungi in new vials with flies
transferred from infected cultures.
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fungal agents, nevertheless it is giving satisfactory
results in one generation time. This is apparently
important for rescuing more difficult stocks.

Even though borate is generally known to be
toxic to animals including insects (Appel, 1992; Heindel
et al., 1992; Ku et al, 1993; Cochran, 1995), the
concentrations used here in fly food to retard mold
growth are deeply below toxicologically effective doses
and are also ineffective in producing eyeless
phenocopies described by Rapoport (1939, 1947) and
Goldschmidt and Piternick (1957). The mechanism of
borate action is not known yet, but it is assumed that it
is capable of binding to serine and histidine in proteins
thereby affecting their activity (Tsilikounas et al., 1992;
Mazurkiewicz et al., 1993; lkeda et al., 1995). This
0. might also be the way borate acts against molds. Borate

; T ""';’o T "1'(')0 o ""1'800 10(‘)00 drops are a widely spread ophthalmQIOglcal disinfectant,
and unbufferred 3 - 10% boric acid is often used for
deep wound disinfections (Blech et al., 1990; Borrelly
et al., 1991) and against various fungal infections in
humans and animals (Meers and Chow, 1990; Shubair
and Larsen, 1990; Jovanovic ef al., 1991; Nyirjesy et
al., 1995). Despite the fact that borate as any other
chemical treatment can slightly affect duration of
development, we believe that application of borate
solution can serve as another alternative in elimination
of fungal infections in Drosophila cultures.
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Figure 2 Toxicity of ingested borate to flies. Borate enters the
larval body by ingestion, and the toxicity of various dilutions
from undiluted up to 1:10,000 dilution, of 5% boric acid and
1% sodium tetraborate, was expressed as percentage of the
vials giving progeny or not giving progeny after adult flies
from infected cultures were transferred to them (black
squares). For comparison, general toxicity of borate was also
evaluated for flies from healthy cultures (white circles). The
graph shows that flies from infected cultures are more
sensitive to borate than healthy ones.
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