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Protective effect of D-mannan of bakers’ yeast against Staphylococcus aureus
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Previously, we reported that D-mannan and D-glucan of Saccharomyces cerc-
visiae were growth-inhibitory against allogeneic tumor cells transplanted subcutane-
ously into mice!-2, and that both polysaccharides displayed adjuvant action enhancing
carbon-clearance activity of macrophage>. It is well known that macrophages are
important effector elements in hosts’ defense mechanisms, and iysosomal-enzyme
activities in macrophages and lysozyme activity in serum have been regarded as
indexes of the macrophage function®->. DiLuzio and Williams®, and Kokoshis
et al.” have shown that prior treatment of mice with the p-glucan of S. cerevisiae
significantly enhanced their survival when systematically challenged with Srapfiylo-
coccus aureus. We therefore investigated the relationship between the protective
effect of b-mannan of S. cerevisiae against S. aureus infection in mice, the phagocytosis
and the change of activities of a few lysosomal enzymes of peritoneal macrophages,
and serum lysozyme.

The effect of treatment with D-mannan for its protective action against S.
aureus is shown in Table I. The mice were injected intraperitoneally with bD-mannan

TABLE I

EFFECT OF D-MANNAN TREATMENT ON THE SURVIVAL OF ddY MICE WITH S. qureus

Addition Dose Mortality Survival
(mglkg X 6) {death/total) (%

None 16/21 24

pD-Mannan 150 2/21 90

*To whom all correspondence should be addressed.
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TABLE II

EFFECT OF D-MANNAN TREATMENT ON PHAGOCYTIC ACTIVITY OF PERITONEAL MACROPHAGES?

Addition to Average number of bacreria p
S. aureus ingested by macrophages/
total number of bacteria

None 0/9,400
Macrophages of normal mice 398/9,400 <0.01%
Macrophages of p-mannan-treated mice 4,210/9,4G0 <0.01¢

aSee Experimental section for procedure. ®Vs. the group of S. awreus without macrophages.
¢Vs. the group of S. aureus with macrophages of normal mice.

6 times in a dose of 150 mg/kg/day. The cells of S. aureus were injected intravenously
one day after the last injection of D-mannan. On day 60, only 249} of the control
mice survived as opposed te 909 survival in the b-mannan-treated group (p <0.01).
In vitro phagocytic activity of peritoneal macrophages of D-mannan-treated mice
was measured by the method of Leijh et al.® and is reported in Table II. The phago-
cytic activity of peritoneal macrophages from the D-mannan-treated mice against
S. aureus was about 10 times higher than that of the macrophages obtained from
normal mice. The kinetics of the activity of the three lysosomal enzymes of peritoneal
macrophages of ddY mice treated in vivo with D-mannan are shown in Figs. 1, 2,

20 -6

-
(=)
T

mUAotal cells
mu/1%106cells

Days after treatment

Fig. 1. Kinetics of acid phosphatase activity of peritoneal macrophages of mice treated with D-
mannan. The mice were examined at day 2, 5, 8, 11, 17, 20, and 30 after administration of the b-
mannan. Experimental conditions were as described in the text: (O) Mice treated with b-mannan at
a dose of 150 mg/kg/day, 10 times; (@) mice left without a treatment as control; (——) mUjtotal
cells; (——-) mU/108 cells. Bar: mean value = S.D.
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Fig. 2. Kinetics of B-p-glucuronidase activity of peritoneal macrophages of mice treated with p-
mannan. Experimental conditions were as described in the text and legend to Fig. 1.

and 3. The total activity (per mouse) and that for 10° cells of both enzymes (acid
phosphatase and f-p-glucuronidase) increased to 3-7 times.and to 3-4 times against
the control group in the initial stage (5-11 days) (Figs. 1 and 2). Total lysozyme
activicy alsc increased to 2-4 times and that for 10° cells to 1.5 times. The effect of
D-mannan on enzyme activities of macrophages in vitro is shown in Fig. 4. The
D-mannan in doses up to 4 mg/mL was found to enhance gradually the acid phos-
phatase activity of macrophages. B-p-Glucuronidase and lysozyme activity also
increased to ~ 1.3 times against that of the control group for a dose of 4 mg/mL
of the p-mannan. Figure 5 shows the results of kinetics of lysozyme activity in the
serum of mice treated 10 times with D-mannan at a dose of 150 mg/kg/day. The
curve reached a peak at 7-10 days after the beginning of p-mannan administration,
and then the activity gradually decreased to the control level.

The p-mannan conferred protection against S. aureus infection in mice. Al-
though the entire aspect of the protection mechanism against microbial infection is
not yet clear, participation of lysosomal enzymes and release of active oxygen by the
macrophages are considered very important factors in this mechanism. To clarnify
the mechanism of action of pD-mannan, the effect on peritoneal macrophages was
examined. The phagocytic activity of peritoneal macrophages for S. aureus increased
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Fig. 3. Kinetics of lysozyme activity of peritoneal macrophages of mice treated with pD-mannan.
Experimental conditions were as described in the text and legend to Fig. 1.
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Fig. 4. Acid phosphatase, f-p-glucuronidase, and Iysozyme activity of macrophage lyzates. The
cultures of peritoneal macrophages (2 X 105) were challenged with various doses (mg/mL) of b-
mannan. Enzyme activity was determined after 24 h of incubation. Bar: mean value - S.D.
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Fig. 5. Kinetics of serum lysozvme of mice treated with p-mannan. The mice were injected intra-
peritoneally with p-mannan at a dose of 150 mg/kg’day, 10 times. The mice were examined at day 4,
7, 10, and 16 after the beginning of p-mannan adminisiration: (@) Control; (C) pD-mannan-
administered mice. Bar: mean value = S.D.

much more in D-mannan-treated mice than in control mice, as shown in Table II.
Furthermore, treatment with b-mannan resulted in a pronounced increase of the
activity of lysosomal enzymes of the peritoneal macrophages (Figs. 1-4), and of the
activity of serum lysozyme (Fig. 5) in mice, with results similar to those obtained
with D-glucan®-?. Klockars and Roberts®, and Namba et al.!® also suggested that
increased lysozyme concentration might contribute to bactericidal properties by
providing the host with a nonspecific defense mechanism. Therefore, it is suggested
that D-mannan treatment protects mice against experimental infection of S. aureus
by stimulating macrophage activity. Recently, it has been reported that the b-mannan
from S. cerevisiae inhibited, in neutrophiles, the release of myeioperoxidase, which
was shown to be stimulated, in vitro'!, by phagocytosis of serum-opsonized zymosan.

EXPERIMENTAL

Materials. — Fresh, whole cells of bakers® yeast (S. cerevisiae) were supplied
by the Oriental Yeast Co., Ltd., Tokyo, Japan. Male ddY mice 6- to 8-weeks old
were used. D-Mannan of S. cerevisiae wild-type strain was prepared by the Fehling-
solution method as described previously!.

Protection assay against infectious challenge. — p-Mannan was administered
intraperitoneally to the mice 6 times in a dose of 150 mg/kg/day' ~>. The protection
assay was performed as follows: S. qureus SH 248 strain was grown in Budokyukin
(Staphylococei) medium (Nissui Pharmaceutical Co. Ltd., Tokyo, Japan) for 43 h
at 37°, and the harvested cells were suspended in saline solution. The cells (1.5 x 10%)
were injected intravenously into the tail vein of the mice one day after the last in-
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jection of D-mannan. Subsequently, the mice were observed for survival for 60 days.

Assay of phagocytic activity. — This assay was conducted according to the
method of Leijh et al.® as follows: p-mannan was administered to the mice intra-
peritoneally 6 times in a dose of 150 mg/kg/day. The peritoneal exudate cells were
obtained one day after final administration of b-mannan. The cells (I x 10%/0.5 mL)
in Hanks® BSS were plated in microplate of 1.5 cm diameter (A/S NUNC, Ros-
kilde, Denmark). After the nonadherent cells were removed, the adherent cells were
incubated with the preopsonized bacteria (I x 10*/0.3 mL) for 30 min at 37°.
Preopsonized bacteria were obtained by incubation of the suspensions of S. awreus in
Hanks” BSS with 109} (v/v) fresh, normal-mouse serum for 30 min at 20°. The
macrophages were washed with Hanks’ BSS containing heparin {0.5 unit per mL)
to remove all free extracellular bacteria, and distilled water (1.0 mL) containing
0.01 % (w/v) bovine serum albumin was added to the cell pellet. Lysis of the macro-
phages was obtained by alternately freezing the suspension in a dry ice-acetone
bath and quickly thawing it in a water bath (37°), three times. The solution was
diluted 10 times with saline solution, and an aliquot (0.1 mL) was plated in the
Budokyukin (Staphylococci) medium. The plate was incubated for 24 h at 37°, and
the number of colonies of viable bacteria counted with a colony counter.

Assay of enzyme activity. — D-Mannan was administered intraperitoneally
to the mice 10 times in a dose of 150 mg/kg/day! ~>. The cells of peritoneal exudate
at day 2, 5, 8§, 11, 17, 20, and 25 after b-mannan administration were obtained by
washing the peritoneal cavity with Hanks’ BSS containing 5 units of heparin per mL.
The PEC in Hanks” BSS was plated in Petri dishes (A/S NUNC, Roskilde, Denmark)
of 3-cm diameter, and incubated for 2 h at 37° in a carbon dioxide incubator.
After the nonadherent cells had been removed, the adherent cells were suspended
according to the method of Schorlemmer et al.!? and counted with a hemocytometer.
More than 959 of these adherent cells were macrophages determined by their nu-
clear shape after staining with the Giemsa stain, and by their phagocytic activity for
latex particles. Treatment of macrophages in monolayers prepared in vitro were
treated with D-mannan as follows: Peritoneal macrophages (2 x 10°) from ddY
normal mice were placed in each well of a microplate (167008 A/S NUNC, Roskilde,
Denmark). After change of the medium, various doses (mg/mL) of D-mannan were
added to each well, and the cells were cultured for 24 h. After the incubation period
was complete, the medium was removed and the cells were lyzed with water (0.1
mL). Blood was drawn from the carotid of mice treated with D-mannan, and the
serum was separated by centrifugation. The activities of acid phosphatase and S-D-
glucuronidase were determined by measuring the p-nitrophenol liberated from p-
nitrophenyl phosphate and p-nitrophenyl -b-glucepyranosiduronic acid, respectively,
according to the method of Komatsu et al.'3. One milliunit (mU) was defined as
the amount of enzyme releasing 1 nmol of p-nitrophenol within 1 min. Lysozyme
activity was measured generally by its action or a suspension of Micrococcus Iyso-
deikticus cells (Miles Laboratories Inc., Kankakee, U.S.A.) according to the method
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of Parry et al.}*. Lysozyme activity was also measured with the method of Woollen
et al.*>. The t test was used to compare the data of test groups and their controls.
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