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The inoculation of Aspergillus flavus spores into a culture of Streptococcus lactis in Lablemco tryptone broth
medium resulted in little or no aflatoxin accumulation even though the growth of the fungus was not hindered.
The drop in pH and reduced nutrient levels in the medium as a result of the S. lactis growth were not the cause
of the observed inhibition. The inhibition was not eliminated by the addition of carbohydrate equal to the
amount used by the bacterium before the inoculation with the fungus. Aflatoxin levels were also markedly
reduced when S. lactis was inoculated into a growing A. flavus culture. In addition to inhibiting the synthesis
of aflatoxin, S. lactis also degraded preformed toxin. A. flavus, on the other hand, not only reduced the growth
of S. lactis but also affected the morphology of the bacterial cell; the cells became elongated and formed long
chains. S. lactis produced and excreted the inhibitor into the medium late in its growth phase. The inhibitor was
a heat-stable low-molecular-weight compound. Chloroform extracts of A. flavus grown in the presence of S.
lactis were toxic to Bacillus megaterium but did not exhibit mutagenic or carcinogenic activity in the

Salmonella/mammalian microsome mutagenicity test.

Aflatoxin B, is considered to be the most potent hepato-
carcinogen causing hepatocellular carcinoma and cholangi-
ocarcinoma in the liver of many animal species, including
humans (7). Penicillium spp. and Aspergillus spp. are com-
mon contaminants of cheese during ripening and refrigerated
storage. Bullerman and Olivigni (6) showed that Aspergillus
strains isolated from contaminated cheese produced afla-
toxins in culture media, but the toxicity of the cheese itself
was not demonstrated. Lie and Marth (15), however, have
shown that aflatoxin can be produced in cheddar cheese by
A. flavus and A. parasiticus.

It is known that different acid-producing bacteria possess
antimicrobial activity against pathogenic organisms. Branen
et al. (5) have isolated antimicrobial substances from Strep-
tococcus diacetilacticus and Leuconostoc citrovorum, and
Pulusani et al. (20) purified and characterized antimicrobial
compound(s) from Streptococcus thermophilus-fermented
milk. Recently, Rutzinksi and Marth (23) noticed inhibitory
effects of Streptococcus lactis and Streptococcus cremoris
against Enterobacter and Hafnia species.

In our laboratory, F. Ward (MSc thesis, McGill Univer-
sity, Montreal, Canada, 1975) found that Streptococcus
lactis (cheese starter) inhibited aflatoxin produced by A.
flavus (cheese contaminant). Similar findings were reported
by Wiseman and Marth (26) and ElI-Gendy and Marth (11). In
the present study, the inhibitory system was further charac-
terized. S. lactis was found to degrade the preformed
aflatoxin. The viability and morphology of S. lactis is greatly
affected by aflatoxin and compounds extracted with chloro-
form from S. lactis cultures. Finally, we show that, accord-
ing to the Salmonella/mammalian-microsome mutagenicity
test (3), mixed culture supernatants are devoid of any
residual mutagenic or potential carcinogenic activity.

MATERIALS AND METHODS

Stock cultures. S. lactis (ATCC 11454) and A. flavus
(V3734/10) were used for these experiments. Stock frozen
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cultures of S. lactis were prepared by freezing cultures
grown for 48 h at 28°C in brain heart infusion agar slants
(Difco Laboratories, Detroit, Mich., 1.0 ml of medium in
2-ml glass vials) in liquid air. These were subsequently stored
at —80°C. Stock spore suspensions of A. flavus were pre-
pared by the method of Grivell and Jackson (12).

Working cultures. An S. lactis frozen stock culture was
defrosted, and transfers were made to 15 ml of Lablemco
tryptone broth (LTB; 14). After incubation for 4 h at 28°C, 1
ml of suspension was transferred to 15 ml of LTB which was
incubated for a further 3 h at 28°C. This latter suspension
constituted the S. lactis working culture.

A few granules of silica gel from the A. flavus stock
cultures were transferred to potato glucose agar slants
(Difco Laboratories). The slants were incubated at 28°C for
7 days. The spores were washed off with Tween 80 (0.05%
[vol/vol]) by the method of van Walbeek et al. (24). The
spores were counted with a hemacytometer, and the suspen-
sion was adjusted to 107 spores - ml~L.

Media. To meet the fastidious requirements for the growth
of S. lactis, LTB (glucose, 1%; yeast extract [Difco], 1%;
Lablemco beef extract [Oxoid, London, United Kingdom],
1%; tryptone [Difcol, 1%; NaCl, 0.5%; Na,HPO,, 0.2%) (14)
was used. The pH was adjusted to 6.8 with 5 N HCI before
sterilization at 121°C for 15 min. When LTB at pH 4.3 was
needed, the pH was adjusted aseptically with HCI (5§ N) or
lactic acid (85%) after sterilization.

Microbial interaction. Inhibition of aflatoxin synthesis. Cul-
tures containing 0.2 ml of S. lactis working culture and 15 ml
of LTB in 25-by-150-mm culture tubes were incubated at
28°C. At various times, the pH and the residual glucose
levels (10) were measured, and 0.1 ml of an A. flavus
working culture was added. The incubation was continued
(mixed culture) with the tubes in a slanted position, and the
amount of aflatoxin produced was measured at regular
intervals. In some experiments, additional glucose was added
to the S. lactis culture before the inoculation with A. flavus
spores.
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S. lactis destruction of aflatoxin. A. flavus working cultures
were inoculated into LTB, and the suspension was in-
cubated at 28°C for 3 to 4 days to allow for aflatoxin produc-
tion. S. lactis working cultures were injected into the
medium (beneath the mycelium mat) with a syringe, the
incubation was continued, and at different times aflatoxin
levels were measured.

Localization of inhibitor. Cultures containing 0.2 ml of S.
lactis working culture and 15 ml of LTB were incubated for
8 h at 28°C. Subsequently, the cultures were centrifuged at
13,200 X g (Sorvall RC2B), and the supernatant fraction was
collected and sterilized by filtration (Millipore Corp., 45-pm-
pore-size filter). The residue (cells) was washed twice with a
sterile physiological saline solution, suspended in LTB to
the original volume, and heated for 10 min at 95°C. Toxin
production by A. flavus in both the supernatant solution and
cell fraction was subsequently determined.

S. lactis working culture (0.2 ml) was added to 15 ml of
LTB in a dialysis sack (cellulose, 4.8 nm pore diameter). The
sack was aseptically placed inside a 250-ml Erlenmeyer flask
containing 50 ml of sterile LTB. The flask was incubated for
16 h at 28°C. A. flavus spores were then inoculated into the
LTB in the flask, and the incubation continued for a further
3 days. Toxin levels were subsequently measured in LTB
both inside and outside the dialysis sack.

Aflatoxin determination. (i) Chemical. Extraction. The
mycelium from a culture was removed, macerated in a
mortar with a pestle, and added back to the culture fluid. The
resultant suspension was extracted twice with chloroform
(1:1 [vol/vol]) at 60°C. The chloroform extracts were con-
centrated under a nitrogen stream or on a rotary evaporator
(19).

Separation. The concentrated chloroform extract (10 to 25
wl) was spotted and separated on a 20-by-20-cm silica gel
thin-layer chromatographic plate. The gel was 0.25 mm thick
and was prepared by mixing 25 g of silica gel 7G (Baker) with
50 ml of glass distilled water. The developing solvent was
90% toluene-ethyl acetate-formic acid (6:3:1 [vol/vol/vol]).
Known quantities of aflatoxins B; and G; (Calbiochem)
standards in benzene-acetonitrile (spectro grade, 98:2
[vol/vol]) were always spotted for reference (19).

Quantification. The developed thin-layer chromatographic
plates were scanned with a Turner fluorometer model 111
(excitation filter no. 7-60 and transmission filter no. 48)
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FIG. 1. Aflatoxin B, and G, production by A. flavus in monocul-
ture and in mixed culture with S. lactis. Symbols: @, A. flavus; O,
A. flavus in S. lactis culture.
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equipped with a thin-layer chromatography automatic scan-
ner and a recorder (Heathkit model EU-20B). The areas
under the peaks were measured, and the aflatoxin concen-
tration of the unknown was determined by the method
developed by Pons et al. (19), using the formula developed
by Rodericks and Stoloff (20).

(ii) Biological. Spore suspensions of Bacillus megaterium
(ATCC 25848; 10'° - ml~!) were prepared and stored at 4°C.
Tryptone-glucose-yeast extract agar (pH 6.2) was inoculated
with the spore suspension (final concentration, 1%), and 6 ml
was poured into a petri plate and allowed to harden. Sterile
filter disks (6 mm diameter) were loaded with 200 wl of the
test solutions, dried in air, and placed on top of the agar
surface. The plates were incubated at 37°C for 24 h. Inhibi-
tion zones were measured, and cell morphology at the
periphery of the zone was observed (9).

Dry weight. The mycelium of the A. flavus culture was
removed and washed three times with water. The mats were
then placed in preweighed aluminum cups, dried in an oven
at 100°C for 24 h, and cooled in a desiccator to constant
weight (9).

Detoxification. Detoxification of A. flavus cultures by
S. lactis growth was determined by using the Sal-
monella/mammalian-microsome mutagenicity test devel-
oped by Ames et al. (1-3). The necessary Salmonella
typhimurium strains were obtained from B. Ames (Univer-
sity of California, Berkeley).

RESULTS AND DISCUSSION

S. lactis inhibition of aflatoxin production. The levels of
aflatoxins B, and G, produced by A. flavus in monoculture
increased during the first 5 days and decreased thereafter to
very low levels after 15 days (Fig. 1). In the mixed-culture
system in which A. flavus was inoculated and incubated in a
16-h S. lactis culture, extremely low levels of the toxins
(determined chemically and biologically [9]) were present
during the entire 15 days of incubation. The amount of A.
flavus growth was the same in mono- and in mixed-culture
systems.

During the 16-h growth of S. lactis in LTB, the pH and the
glucose concentration decreased from 6.8 to 4.3 and from 1.0
to 0.6%, respectively. Subsequent findings indicated that the
decrease in pH and glucose levels in the medium were not
responsible for the inhibition of toxin production. The amount
of toxin produced by A. flavus in LTB initially adjusted to
pH 4.3 with HCl was equal to that produced in the control
(LTB at pH 6.8). Further, growth of A. flavus and increase in
pH from 4.3 to 8.0 were identical in acid-adjusted LTB and
in the 16-h S. lactis culture.

Supplementation of the 16-h S. lactis culture (residual
glucose, 0.6% [wt/vol]) with 1.0% (wt/vol) glucose resulted
in a substantial increase in toxin production by A. flavus.
When, however, compared with the control (LTB containing
1.6% glucose) aflatoxin production in the mixed-culture
system was considerably lower.

The inhibitory compound produced during the growth of
S. lactis was excreted into the medium; activity resided in
the supernatant fraction of the culture. Heating of the
supernatants did not affect their inhibitory characteristics.
No inhibition was observed with a disrupted cell fraction.
On the contrary, the latter fraction stimulated toxin produc-
tion. Further, growth of S. lactis inside a dialysis bag
inhibited toxin production by A. flavus in the external
medium; whereas, in the control (medium inside dialysis bag
uninoculated) toxin was detected in the medium inside and
outside the dialysis bag).
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FIG. 2. Effect of S. lactis (107 CFU - mi~}, final concentration)
on preformed aflatoxins B; and G, in 3- and 4-day-old A. flavus
cultures. Symbols: @, A. flavus; O, A. flavus into 16-h S. lactis
culture; | X, S. lactis into 3-day-old A. flavus culture; | A, S. lactis
into 4-day-old A. flavus culture.

A potential inhibitor was lactic acid (21), as was also
suggested by Wiseman and Marth (26). This was discounted
when A. flavus grown in LTB and in LTB supplemented
with lactic acid, pH 4.3, (concentration equal to that found in
a 16-h S. lactis culture) produced equal amounts of toxin.
Another potential inhibitor was nisin, a product of our S.
lactis strain. Ward (MSc thesis), however, has shown that up
to 20 wg of nisin - ml~! of LTB (activity 30,000 U - mg™};
Koch-Light Laboratories, Colnbrook, United Kingdom) had
no effect on aflatoxin production by A. flavus. Further,
Yousef et al. (27) reported that 200 to 5,000 reading units of
nisin - ml~! partially delayed the growth of A. parasiticus
but had no effect on toxin production.

S. lactis commences the production of the inhibitor early
in the logarithmic phase of growth. Cultures in their early
stationary phase of growth (6 h) were the most inhibitory to
subsequent toxin production by A. flavus. Continued incu-
bation of the culture to 16 h resulted in an apparent decrease
(or inactivation) of the inhibitor. This decrease in inhibitor
concentration may have been the result of secondary metab-
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olism of the inhibitor (a primary metabolite) or due to the
instability of the inhibitor. Indeed, in later experiments, it
was observed that the partially purified inhibitor compound
lost activity upon storage, suggesting a labile compound.

S. lactis degradation of aflatoxin. S. lactis (16-h culture, 107
CFU - ml™! final concentration) added to either a 3-day or a
4-day A. flavus culture reduced, within a 1 or 2 days, the
toxin levels to those observed in the mixed-culture systems
(Fig 2). Wiseman and Marth (26) also found that §. lactis
decreased toxin levels in A. parasiticus cultures. These
authors also reported that the toxin levels in mixed cultures
were at times higher than those in A. flavus monocultures.
We have never observed this phenomenon. Degradation of
toxin was suggested when S. lactis grown in LTB supple-
mented with either a chloroform extract of a 5-day-old
culture of A. flavus (final concentration of toxins in LTB, 18
ug - ml™Y) or aflatoxins B; and G, standard solutions (each
at a final concentration of 10 ug - ml™!) reduced the toxin
levels in both systems (Table 1).

Ciegler et al. (8) surveyed 1,000 microorganisms for their
ability to degrade aflatoxin and found that only Flavobac-
terium aurantiacum removed aflatoxin B; from a nutrient
solution. Tetrahymena pyriformis also reduced toxin levels
but was not as efficient. The mechanism proposed was that
aflatoxin was adsorbed to the cell wall, a mechanism similar
to the adsorption of toxins in inert compounds such as clay.
The latter has been suggested as a method of detoxification
by Masimango et al. (17), who showed that aflatoxin was
degraded by intact and fragmented mycelium. In addition,
the greater the disintegration of the mycelium, the higher
was the adsorption and disappearance of aflatoxin in the
environment. This was attributed to a higher mycelium
surface contact area being present. Lillehoj and Ciegler (16)
also showed that aflatoxin B; binds tightly to B. megaterium
cells, and the toxin can be removed by ultrasonic treatment
of the organism and a chloroform extraction of the macerate.
Adsorption of the aflatoxin on S. lactis cells cannot explain
the decreased amount of aflatoxin in mixed-culture systems
because the S. lactis cells were not removed from the system
at the time of extraction with chloroform. From the results
presented in Table 1, it appears that although S. lactis is
capable of degrading aflatoxin, the amount of reduction is
insufficient to account fully for the low levels of aflatoxins
observed in the mixed-culture systems. Therefore, S. lactis
must also, in some way, interfere with the synthesis of
aflatoxin.

A. flavus effects on S. lactis. Although S. lactis affected a
reduction in aflatoxin production by A. flavus, the organism
did not remain untouched. S. lactis in monoculture with
inoculum levels of 10 and 10’ CFU - ml™! (final concentra-
tion) grew to ca. 10° CFU - ml~! within 8 h. With the same
inocula in 3-day-old A. flavus cultures, the numbers of S.

TABLE 1. Disappearance of aflatoxin in LTB-containing chloroform extracts of a 5-day-old A. flavus culture or aflatoxins B, and G,
standard solutions inoculated with S. lactis

S. lactis (CFU - ml™!)* in:

Residual toxin (% remaining in LTB) with added:

T;m;’. aft.er LTB and added toxin from: Extract Standard solution
. lacus
inoculation (h) LTB Standard
Extract? solution® B, G, B, G,
24 6 x 10° 4 x 10? 1 x 10* 67 =5 50 + 3 4 * 5 35+3
48 5 x 108 1 x 10? 9 x 107 12+4 13+4 ND“ ND

@ §. lactis inoculum; 10’ CFU - ml™! (final concentration). Data are means of triplicate samples. )
b Extract, chloroform extract of 5-day-old A. flavus culture (18 pg of B, and G, - ml™'. final concentration).
< Standard solutions, aflatoxins B, and G, added to LTB (each 10 pg - ml™', final concentration).

4 ND, Not done.
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TABLE 2. Mutagenic and toxic compounds in extracts of A.
Aavus cultures grown in LTB and in S. lactis culture filtrates

No. of revertants per plate

Compound added by Ames test

TA98 TA100
None 36 120
Chloroform 36 123
Benzene-acetonitrile (98:2) 31 130
Standard B,“ 461 25,000
Standard G, 311 19,440
Extracts from A. flavus 830 1,266

grown in LTB

Extract from A. flavus 10 8

grown in S. lactis
culture filtrate

Extract of S. lactis 24 100
culture filtrate

9By, 3.5 ug - (100 wh)~'.
Gy, 5.0 pg- (100 w1,

lactis decreased exponentially such that after 8 and 24 h the
viable counts were 10 and 4 x 102 CFU - ml™}, respectively.
Wiseman and Marth (26) also observed that S. lactis num-
bers decreased during incubation in an A. parasiticus cul-
ture. Their suggestion was that as the mould grows and
produces toxin and other metabolites, the aflatoxin destroys
the S. lactis cells. Our results do not support this assump-
tion. Aflatoxin did not affect the growth of S. lactis in LTB,
but other compounds produced by A. flavus did (Table 1,
viable counts). The fact that S. lactis in the presence of
aflatoxin grew as enlarged cocci in long chains suggests that
some metabolic functions have been altered (4, 7, 13, 26).

S. lactis detoxification of A. flavus cultures. S. lactis
produces a compound(s) which inhibits aflatoxin production
by A. flavus. The question, however, remained whether in
the process of inhibiting aflatoxin production, the S. lactis
had actually detoxified the system. It is possible, for in-
stance, that as a consequence of the inhibition, precursors or
degradative products which are more toxic or mutagenic or
both may have accumulated. The Salmonella/mammalian-
microsome mutagenic test developed by Ames et al. (1-3) is
simple, and although ‘it is one or two orders of magnitude
less sensitive than the most sensitive bioassay and is there-
fore of little relevance to mycotoxin detection,” it does
serve as an indicator of mutagenicity or potential carcinoge-
nicity (25) and can identify chemical carcinogens and mut-
agens with an accuracy of 90% (18).

The test to determine the presence of mutagenic agents
was done with strains TA98 and TA100, which were found to
be active against aflatoxin in preliminary tests. Spontaneous
revertants were quantified in systems containing no mutagen
or solvent. With TA98, the number of spontaneous rever-
tants was 36, and with TA100 the number was 120 (Table 2).
These levels were not affected by the addition of either
chloroform or benzene-acetonitrile (98:2 [vol/vol]). A slight
decrease in the number of revertants was observed with
extracts of S. lactis culture filtrates. When an aflatoxin B;
standard solution (3.5 pg - [100 pl]™!) was added to the
plate, the number of revertants increased to 461 with TA98
and 2,500 with strain TA100. Standard aflatoxin G; (5
ng - [100 wl]™?) also increased the number of revertants to
311 with strain TA98 and to 19,440 with strain TA100. The
chloroform extract of the A. flavus culture increased the
number of revertants to 830 and 1,266 for strains TA98 and
TA100, respectively. On the other hand, the chloroform
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extract of the A. flavus culture grown in S. lactis culture
filtrate did not have any effect on either strain of the
Salmonella test organisms. On the contrary, the number of
revertants fell below the spontaneous background levels,
e.g., 10 and 8 revertants per plate for strains TA98 and
TA100, respectively. Thus it would appear from the results
of the Ames test that S. lactis suppresses the production of
mutagenic or potentially carcinogenic compounds by A.
flavus.

In conclusion, each organism in the mixed culture system
comprising S. lactis and A. flavus affects one or another
activity of the other organism. S. lactis produces an
inhibitor(s) during the logarithmic phase of growth which
reduces the amount of aflatoxin produced by A. flavus,
resulting in a system lacking mutagenic or carcinogenic
properties. S. lactis, in its turn, is destroyed by compounds
produced by A. flavus. The nature of the inhibitor(s) pro-
duced by S. lactis is the subject of another paper.
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