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Suppressive Effects of Polysaccharide Produced by Bacillus circulans on Chemical
Mutagens-Induced SOS Response in Salmonella typhimurium
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The suppressing effects of polysaccharide produced by Bacillus circulans on the SOS response of Salmonella
typhimurium TA 1535/pSK1002 induced by AF-2, MNNG, 4NQO, Trp-P-2, IQ and MelQx were compared with
those of commercial polysaccharides to find a new physiological value as an additive to processed foodstuffs. The
native polysaccharide produced by B. circulans strongly suppressed SOS response induced by IQ and MelQx, and
the suppression was increased with increasing polysaccharide concentration. Xanthan gum, which is an acidic
polysaccharide produced by Xanthomonas campestris, and carboxymethyl cellulose (CMC) did not suppress SOS

response induced by mutagens.
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Some physiological functions of food, in addition to its
taste and nutritional functions, have been attracted attention
in recent year. It has been reported that many kinds of
vegetables, fruits and cereals have antimutagenicity (Morita ez
al., 1978; Edenharder et al., 1995), and that their fibers,
high-molecule substances, have anticarcinogenicity by adsorb-
ing carcinogens from various sources (Burkitt, 1971; Barbolt
& Abraham, 1978; Barnes er al., 1983; Kada et al., 1984;
Takeuchi e al., 1988; Hayatsu er al., 1988). Okabe et al.
(1996) have reported that a water-soluble fraction and a
viscous fraction isolated from root crops had a suppressing
effect on Trp-P-2-induced mutagenicity.

We have isolated a highly viscous exopolysaccharide from
a culture medium of a soil bacterium, Bacillus circulans,
when it was grown on a medium containing glucose as a
carbon source. We investigated the culture conditions of the
bacterium for the production of polysaccharide (Kawai et
al., 1992), and the physicochemical properties of the bacterial
polysaccharide (BPS) were examined to apply it to the food
industry as raw materials (Isobe et al., 1996).

In this paper, we report the suppressing effects of BPS
produced by B. circulans on the SOS response of Salmonella
typhimurium induced by chemical mutagens by measuring
the 3-galactosidase activity of the bacteria corresponding to
the umu C gene expression against DNA damage.

Materials and Methods

Chemicals N-Methyl-N’-nitro-N-nitrosoguanidine
(MNNG) was purchased from Aldrich Chemical Co., (Mil-
waukee, Wis.) and other mutagens were obtained from Wako
Pure Chemical Industries (Osaka). An S9 mix was obtained
from Oriental Yeast Industries (Tokyo). The other chemicals
were analytical grade reagents from Nacalai Tesque, Inc,
Kyoto and Wako Pure Chemical Industries.

Culture conditions of bacteria for polysaccharide
production A culture medium of B. circulans for polysac-

charide production contained 1% glucose, 0.05% asparagine,
0.005% yeast extract, 0.05% KH,PO,, 0.005% MgSO,+7H,0,
0.005% CaCl,+2H,0 and 0.005% FeCl;+6H,0. The pH of the
medium was adjusted to 7.0 before autoclaving at 120°C for
15 min. A jar-fermentor (MSJ-30, Marubishi B.E. Co., Ltd.,
Tokyo) culture was performed at 30°C for 48 h with 10/ of
the medium by inoculating 1/ of a preculture, which was
cultured as described in the previous paper (Kawai et al.,
1992), with an aeration rate at 1.5/ per minute and an
agitation speed at 300 rpm.

Isolation and purification of polysaccharide Isolation
and purification of BPS from the culture broth were per-
formed by the following method: NaCl was added and dis-
solved in a culture fluid from a jar-fermentor at a final
concentration of 10%, and ethanol was added until no more
precipitate of the polysaccharide occurred. The precipitate
was collected by filtration and dissolved in distilled water by
stirring. The solution was centrifuged at 15,000Xg for 1 h to
remove bacterial cells, and the supernatant fluid was dialyzed
overnight against distilled water at 4°C. The dialyzed solution
was lyophilized, and the lyophilized preparation was used for
the examinations as a purified polysaccharide.

Preparation of low-molecule polysaccharide Purified
polysaccharide (150 mg) was dissolved in 150 ml of water,
and an appropriate amount of Dowex 50 (H* form) was
added and stirred for 1h to remove cations. The acidic
polysaccharide solution obtained was then heated at 100°C
for 30 min, neutralized by 1 N NaOH and lyophilized. The
molecular weight of the native polysaccharide was greater
than 2,000,000, and that of the low-molecule polysaccharide
was about 100,000-200,000 when they were determined by
HPLC at 40°C on OH pak SB-804 HQ column (Shoko Co.,
Ltd., Tokyo) using H,O as an eluent at a flow rate of 0.5 ml/
min and using pullulan (M.W.: 2.37X10¢, 4.8X10%, 1.0X10°,
1.86X10°, 3.8X10°, 1.66X10°) as standard.

Assay of the suppressive SOS response (umu test)
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Suppression of SOS response was measured by a slightly
modified umu test (Oda et al., 1985). Salmonella typhimu-
rium TA1535/pSK 1002 was presented by Dr. Yoshimistu
Oda, Osaka Prefectural Institute of Public Health, Osaka. An
aliquot of S. typhimurium was incubated at 37°C for 16 h
with LB broth (10 g bactotrypton, 5 g yeast extract, 5 g NaCl
and 50 mg ampicillin in 1 / water, pH 7.0): it was then diluted
50-fold with TGA medium (10 g bactotrypton, 5 g NaCl, 2 g
glucose and 20 gg ampicilin in 1/ water) and further
incubated to an appropriate bacterial density (absorbance at
600 nm: 0.2-0.25). The standard assay mixture for the suppres-
sing effect on the SOS response contained 20 g1 of direct or
indirect mutagens (see below), 0.3 g of polysaccharide solu-
tion and 2.0 ml of bacterial suspension as previously de-
scribed. For the assay using indirect mutagens 1.7 ml of the
cell suspension was mixed with 0.3 ml of the S9 mix. After
incubation at 37°C for 2 h, the mixture was diluted with 0.85%
NaCl solution, and the cells were collected by centrifugation
at 3000xg for 20 min. The precipitate was resuspended in
0.85% NacCl solution; then S-galactosidase activity of the cell
suspension was then assayed (A). The control solution con-
taining 0.3 g of water in place of the polysaccharide solution
was also assayed (B). The percentage suppression of the SOS
response was calculated using (1—A/B)x100. The -galacto-
sidase activity of the bacterial suspension was assayed as
follows: Two hundred microliter of bacterial suspension in
0.85% NaCl was vigorously mixed with 1.8 ml of Z-buffer
(0.06 M Na,HPO,+12H,0, 0.04 m NaH,PO,-2H,0, 0.01 M
KClI, 0.001 M MgSO,+7H,0 and 0.05 M S-mercaptoethanol)
in the presence of 50 41 of 0.1% sodium dodesyl sulfate and 10
1 of chloroform. The enzyme reaction was initiated by the
addition of 0.2 ml of 2-nitrophenyl-a-D-galactopyranoside
solution (4 mg/ml in 0.1 M phosphate buffer, pH 7.2), in-
cubated at 28°C for 20 min and stopped with 1.0 ml of I M
Na,CO,. B-Galactosidase activity was calculated as follows
(Miller, 1972);

[-Galactosidase unit=1000(C—1.75XD)/0.2XE

where C and D represent the absorbance at 420 nm and 550
nm, respectively, of the enzyme reaction mixture of the (-
galactosidase assay, and E shows the absorbance at 600 nm of
the bacterial suspension grown in the wmu test. The experi-
mental results are expressed as the average of two experiments
with triplicate assays.

In the umu test, furylfuramide (AF-2), MNNG, and 4-
nitroquinoline-1-oxide (4NQQO) were used as direct mutagens,
and 3-amino-1,4-dimethyl-5N-pyrido (4,3-b) indole (Trp-P-
2), 2-amino-3-methylimidazo (4,5-f) quinoline (IQ), and 2-
amino-3,8-dimethylimidazo (4,5-f) quinoline (MelQx) were
used as indirect mutagens activated by the S9 mix.

Results and Discussion

Effect of mutagen concentration on f-galactosidase
activity and bacterial growth The effect of the concentra-
tion of direct and indirect mutagens used in this study on 3-
galactosidase activity and bacterial growth was investigated.
The SOS-induced activities and cell growth in the reaction
mixture containing 0, 0.01, 0.1, 1, 3 xg/ml mutagens were
measured. For example, in the culture added with 4NQO, the
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enzyme activity was increased with concentrations up to |
ng/ml, while the growth of the bacteria was gradually
decreased with increasing concentration of 4NQO. In the case
of MelQx, the enzyme activity was increased with concentra-
tions up to 0.1 xg/ml, but it was decreased at a concentration
greater than 0.1 yg/ml, and the bacterial growth was de-
creased with the concentration. Other mutagens were also
investigated for the dose response of -galactosidase activity
and bacterial growth (data not shown). From these results,
the concentration of each mutagen at which 3-galactosidase
activity (400-1000 unit) was induced without much inhibi-
tion of bacterial growth was used in the wmu test. The
concentration of each mutagen used in the umu test is shown
in Table I.

Table 1. Suppressing effects of polysaccharide on SOS response induced by
various mutagens in Salmonella typhimurium TA1535/pSK1002.

Mutagen Suppression (%)

(ug/ml) BPS CMC Guar gum  Xanthan gum
AF-2 (0.03) 9.0 23 54 42
MNNG (3.0) 28 38 6.6 13.7
4NQO (0.3) 152 5.7 6.8 149

1Q (0.3) 734 1.0 553 6.0
MelQx (0.03) 725 54 516 118
Trp-P-2 (3.0) 317 0.8 21.6 55

Three tenth gram of polysaccharide was used in umu test.
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Fig. 1. Effects of BPS concentration on SOS response indused by 1Q and
MelQx. Various concentrations of BPS were added to the umu gene expression
system as described in Materials and Methods. 1Q (A: 0.3 xg/ml) and MelQX
(B: 0.03 ;,g/ml) were used as mutagens. Each value is expressed as the average
of two experiments with triplicate assays.



Effect of Polysaccharide on SOS Response

Suppressing effect of polysaccharides on SOS response
The suppressing effects of BPS on the SOS response of S.
typhimurium induced by various kinds of mutagens were
compared with those of commercial polysaccharide, e.g.,
carboxymethyl cellulose (CMC), guar gum, and xanthan
gum. The concentration of the polysaccharide was 0.05% in
the reaction mixture. As shown in Table 1, BPS suppressed
the SOS response which was induced by IQ and MelQx
strongly, and by Trp-P-2 slightly. Guar gum suppressed 1Q
and MelQx, but CMC and xanthan gum showed less suppres-
sing effect.

The effect of the molecular size of the polysaccharides on
the suppression of SOS response was investigated. A low-
molecule polysaccharide (M.W.: 1-2X10°<) was prepared by
heating native polysaccharide (M.W.: 2X107) under acidic
conditions (see Materials and Methods), and it was tested for
the suppression of the SOS response. The suppression by low-
molecule polysaccharide of the SOS response induced by 1Q,
MelQx and Trp-P-2 was 11.9%, 11.1% and 0.1%, respectively.
The low-molecule polysaccharide had less suppressing effect
than the native polysaccharide as shown in Table 1.

The effect of BPS concentration on the suppression of the
SOS response induced by IQ and MelQx is shown in Fig.1.
The suppressing effect of BPS increased linearly with the
concentration of BPS.

The mechanism of suppression on the SOS response of BPS
previously shown is considered as follows: It is supposed that
BPS acts as a des-mutagen because BPS cannot flow into the
cell because of its high molecular size (M.W.: 2X107<).
Concerning the cell fractions of various microorganisms,
Zhang and Ohta (1993) reported that peptidoglycan and
glucan isolated from the cell wall showed a high binding
ablilty to Trp-P-1. It is supposed that the suppressing effect of
polysaccharide on the SOS response may be due to the
adsorption of mutagens to the polysaccharide molecule to
prevent them from flowing into the cell, the same as the cell
wall fraction. Because the suppression of BPS on the SOS
response induced by indirect mutagens (1Q, MelQx) activated
by the S9mix was high compared with the direct mutagens,
the inactivation of the metabolizing enzyme in the S9mix may
also be one of the reasons for suppression on the SOS
response. This mechanism of suspression on the SOS response
is under investigation. In Table 1, it is based on the reactivity
with mutagen or enzyme that the level of suppression differs
from polysaccharides. The suppression on the SOS response
of BPS was lost by lowering of molecular size, which shows
that a high molecular size of polysaccharide is necessary for
the adsorption of mutagen or the inactivation of the enzyme
to exhibit a suppressing effect on the SOS response. The
suppressing effect of BPS increased with the concentration of
BPS, indicating that the suppression may depend on increas-
ing the adsorption rate of the mutagens or enzyme to the
polysaccharide.

Many studies on the antimutagenisity of fiber from crops
and vegetables are reported (see Introduction). However, the
antimutagenisity of bacterial polysaccharide has not been
reported, except for one report (Frolov et al., 1989). We have
attempted to study the various functions of the bacterial
polysaccharide produced by B. circulans for the application
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to processed foodstuffs. The bacterial polysaccharide can be
stably produced and has characteristic properties in rheology
and physiological activity different from natural gums. They
are also less harmful to environmental pollution than syn-
thetic polymers because they are biodegraded in the natural
world. The result of this study may add a new physiological
value to bacterial polysaccharide from B. circulans for use as
a food additive. However, for the application to food it is
necessary to confirm the safety of bacterial polysaccharide.
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