
Vol. 39, No. 2INFECTION AND IMMUNITY, Feb. 1983, p. 497-504
0019-9567/83/020497-08$02.00/0
Copyright © 1983, American Society for Microbiology

Ingestion of Yeast Forms of Sporothrix schenckii by Mouse
Peritoneal Macrophages

L. M. ODA,1 C. F. KUBELKA,' C. S. ALVIANO,' AND L. R. TRAVASSOS2*
Departamento de Microbiologia Geral, Instituto de Microbiologia, Universidade Federal do Rio de Janeiro,
Rio de Janeiro RJ 219411; and Disciplina de Micologia, Escola Paulista de Medicina, Sdo Paulo SP 04023,2

Brazil

Received 26 April 1982/Accepted 20 October 1982

The ingestion by thioglycolate-elicited mouse peritoneal macrophages of yeast
forms of two strains of Sporothrix schenckii was studied. Yeast forms opsonized
with concanavalin A (ConA) were extensively phagocytized, and the phagocytic
indexes depended on the concentration of ConA and apparently on the number of
lectin receptors at the yeast surface as well. Neuraminidase treatment of S.
schenckii increased the ingestion of unopsonized yeasts 7.7-fold. The addition of
monosaccharides and derivatives partially inhibited phagocytosis. Mannose,
rhamnose, and galactose, which are major constituents of S. schenckii surface
antigens, reduced the phagocytic indexes by 40 to 50%. Glucosamine, N-
acetylglucosamine, and N-acetylneuraminic acid were equally effective as inhibi-
tors of phagocytosis. A mixture of five neutral sugars and glucosamine inhibited
phagocytosis by 73%. The inhibitory effect of simple sugars could be amplified by
using neuraminidase-treated yeast cells. Pentoses and glucose were inactive or
slightly inhibitory. A purified rhamnomannan inhibited phagocytosis of the
homologous strain, whereas partially purified peptidopolysaccharides were toxic
to peritoneal macrophages. A partially purified galactomannan from S. schenckii
was inhibitory (62% inhibition), and a peptidopolysaccharide fraction in which the
0-linked carbohydrate chains had been removed neither was toxic to macro-
phages nor inhibited phagocytosis. Pretreatment of macrophages with simple
sugars under conditions inhibiting ingestion or binding of S. schenckii did not
affect phagocytosis of latex particles or sensitized sheep erythrocytes. The
presence of receptors at the peritoneal macrophages which bind S. schenckii cell
surface components is suggested.

Macrophages are able to ingest particles and
soluble substances. Mechanisms of endocytosis
have been extensively studied (19, 21, 26). In-
gestion of particles by macrophages is preceded
by their attachment to the macrophage mem-
brane. In several instances, however, attach-
ment of ligands to phagocytic cells is not fol-
lowed by endocytosis (16, 17, 20, 30).
Treatment of macrophages with lectins (13)

such as concanavalin A (ConA) can result in
cells able to bind bacteria (1), yeasts (3), and
erythrocytes (8) without ingestion. Conversely,
the attachment to macrophages of yeast cells
coated with ConA is followed by extensive
phagocytosis (3).

Binding of unopsonized microorganisms to
macrophages can be inhibited by carbohydrate
units which are also cell wall constituents. Ga-
lactose partially inhibits binding to macrophages
of a noncapsulated Klebsiella aerogenes mutant
known to have this sugar as a cell wall compo-
nent (7). Lipopolysaccharide sugar components

also inhibit binding of Salmonella typhimurium
to macrophages. These results suggest that the
macrophage membrane has receptors that recog-
nize a variety of carbohydrate-containing deter-
minants present at the cell surface of microorga-
nisms. These receptors may be glycoproteins in
view of their susceptibility to proteolytic en-
zymes, ,-galactosidase, and periodate (7, 12).

In the present study, we investigated the
phagocytosis of Sporothrix schenckii, a hypho-
mycete with several recognized cell surface con-
stituents, by thioglycolate-elicited mouse perito-
neal macrophages. Both untreated or ConA-
opsonized cells of the S. schenckii yeast phase
were used. Details of the fine structures of
constituents of the cell walls from yeast forms of
S. schenckii are described elsewhere (4, 10, 14,
15, 22-24).

In vitro determination of phagocytosis of un-
opsonized S. schenckii yeast forms may contrib-
ute to the understanding of the early infection by
this fungus and also its dissemination in states of
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immunosuppression or decreased immunologi-
cal responsiveness. Shedding of antigenic mate-
rial by yeast cells (4) and the eventual trapping
of antibodies at a distance from the infecting cell
is another way of keeping yeasts unopsonized
and thereby less susceptible to phagocytosis.

MATERIALS AND METHODS
Microorganisms. Yeast forms of two strains of S.

schenckii (1099.18 and 1099.24) grown for 7 days in
brain heart infusion (BHI) at 25°C were used. Cells
were harvested by centrifugation and washed four
times in 0.01 M phosphate-buffered saline (PBS).
Suspensions of 5 X 107 cells per ml were prepared in
Hanks solution containing 0.1% glucose.
ConA-treated cells. S. schenckii yeast forms aggluti-

nate in the presence of ConA at 125 p.g/ml (minimum
concentration). ConA-treated cells for phagocytosis
experiments were prepared with lectin concentrations
(66 and 100 ,ug/ml) unable to cause agglutination.
Macrophages. Peritoneal macrophages were ob-

tained from 20 to 25-g mice inoculated (1 ml per
mouse) with Brewer thioglycolate medium (Difco Lab-
oratories) 3 days before the collection of cells in Hanks
solution. Animals were killed with ether, and their
peritoneal cavities were washed with S ml of Hanks
solution containing 0.1% glucose and 10-U/ml heparin.
Approximately 0.3 ml of the peritoneal exudate was
dispensed on appropriate microscope slides as de-
scribed before (9). Macrophages were left to adhere
onto the microslides for 1 h at 37°C. Slides were then
washed with 0.01 M PBS, pH 7.2.

Phagocytosis of yeast cells. Slides with adhered mac-
rophages (1.5 x 104 cells) were washed in PBS, and 0.3
ml of the suspension of S. schenckii yeast forms was
added. Phagocytosis was observed during 90 min at
37°C. After this period, the slides were washed with
PBS containing 0.2 M mannose to remove yeast cells
adhered to the outside surface of the macrophage as
well as unbound yeasts. Cells were fixed with 2.5%
glutaraldehyde in 0.1 M PBS, pH 7.2, for 30 to 60 min
and by brief heating. Cells were stained by the Gram
method. An average of 200 macrophages were counted
on several microscope fields to determine the percent-
age of macrophages phagocytizing at least one yeast
cell (P) and the average number of yeasts in these
macrophages (F). The phagocytic index (I) was deter-
mined by multiplying P x F (5).

Phagocytosis of unopsonized yeasts. Unopsonized
yeasts of one strain (1099.24) were treated with neur-
aminidase (10 U/ml, Sigma Chemical Co. type X)
before their contact with macrophages. Sialic acid
liberated by neuraminidase was assayed by the thio-
barbituric acid method (27). For phagocytosis, 100 ,ul
of a suspension of cells treated with neuraminidase
(0.5 ml of cells plus 5 U ofenzyme for 30 min at 370C in
0.05 M acetate buffer, 0.13 M NaCI, pH 6.5) was used,
and ingestion was determined after 90 min.

Inhibition of phagocytosis. For the inhibition experi-
ments, monosaccharides or derivatives at 10 mg/ml in
Hanks solution were added to the slide-adhered mac-
rophages (0.1 ml). After 20 min of exposure, cells were
gently washed (7), and 0.25 ml of a yeast suspension of
2.5 x 107 to 5.0 x 107 cells per ml was added.
Procedures involving gentle washing or no washing
after preincubation with sugars were compared by

testing the inhibitory activities on phagocytosis of D-
galactose, N-acetylglucosamine, and L-rhamnose.
Slides were incubated for 90 min at 37°C, washed,
fixed, and Gram stained as described above. Polysac-
charides tested as inhibitors were used in the range of
5 to 20 mg/ml. They were extracted in hot dilute alkali
and were either precipitable by Fehling solution or
unprecipitable as described before (23). Fehling-pre-
cipitable fractions contain rhamnomannans, whereas
the unprecipitable polysaccharide consists of galacto-
mannan and some glucan. Peptidopolysaccharides
were isolated from the supernatants of S. schenckii
cultures by ethanol precipitation, dialysis against dis-
tilled water of the aqueous solution of polymers, and
precipitation of their borate complexes at pH 8.5 by
hexadecyltrimethylammonium bromide (Cetavlon)
(23). Acidic molecules were neutralized with 10%
(NH4)2CO3 and diluted in Hanks solution without
glucose before being tested as inhibitors of phagocyto-
sis.

Ingestion of neuraminidase-treated S. schenckii and
inhibition by simple sugars. Strain 1099.24 was used at
a concentration of 5 x 107 cells per ml. Yeasts were
treated with 10 U of neuraminidase for 30 min at 37°C
in acetate buffer, pH 6.6. Cells were then centrifuged
at 4°C, washed four times with Hanks solution, and
resuspended in 1 ml of the same solution containing
rhamnose, galactose, and N-acetylglucosamine at 10
mg/ml. Incubation of macrophages with sugars was for
20 min, and phagocytosis of neuraminidase-treated
cells was measured after 90 min.

Binding of yeast cells to macrophages. For binding
experiments, macrophages were incubated with 5 x
107 cells of strains 1099.18 and 1099.24 per ml at 4°C
for 30 min. Slides were then washed five times in PBS
and fixed as before. Macrophages having at least one
surface-bound yeast cell were counted; 200 macro-
phages were inspected. For the inhibition experiment,
macrophages were preincubated with N-acetylglu-
cosamine at 10 mg/ml for 20 min and then put in
contact with the yeast suspension at 40C.

Phagocytosis of latex particles and sensitized sheep
erythrocytes. Percentages of macrophages phagocytiz-
ing latex particles (1/100) and the phagocytic indexes
of ingestion of antibody-sensitized sheep erythrocytes
(2%) were determined in macrophages treated with
monosaccharides at 10 mg/ml for 20 min as compared
with untreated controls.

RESULTS
Both S. schenckii strains agglutinated with

ConA at 500 ,ug/ml. Under these conditions,
inhibition of agglutination was tested with D-
mannose. The minimum inhibitory concentra-
tions of mannose were 19 mg/ml and 2 mg/ml for
strains 1099.24 and 1099.18, respectively. This
suggests that strain 1099.24 has more receptors
for ConA than does strain 1099.18. As expected,
yeasts coated with ConA at subagglutinating
lectin concentrations were more efficiently
phagocytized by thioglycolate-induced macro-
phages than by untreated cells. The phagocytic
index was influenced by increasing the concen-
tration of ConA from 66 to 100 ,ug/ml, suggesting
that a saturation of receptors was not achieved
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TABLE 1. Phagocytosis of lectin-coated and uncoated yeast forms of two S. schenckii strainsa
Con A S. schenckii 1099.18 S. schenckii 1099.24
concn
(>Lg/ml) P F I P F I

0 14 ± 10 2.0 ± 0.4 26 ± 16 (5) 38 ± 4 2.4 ± 0.3 89 ± 12 (5)
66 62 ± 10 2.8 ± 0.3 173 ± 38(4) 92 ± 2 5.1 ± 0.8 465 ± 72(4)
100 85 ± 0 4.0 ± 0.8 341 ± 64(3) 100 ± 0 10.3 ± 2.2 1033 ± 216(3)

a Definitions of P and F are in the text; I is the phagocytic index. Values ± standard deviations are averages of
independent experiments with macrophages obtained from different animals (numbers in parentheses).

TABLE 2. Phagocytosis of neuraminidase-treated S.
schenckii 1099.24a

Yeast P F I

Untreated 28.8 ± 1.5 1.7 ± 0.2 48.9 ± 8.4 (3)
Neuraminidase 82.3 ± 3.7 4.6 ± 0.4 378.5 ± 22.1 (3)

treated (10
U/ml)
a p, F, and I ± standard deviations are as in Table 1,

footnote a; number of animals used is shown paren-
thetically.

at the lower concentration. The phagocytic in-
dexes of lectin-coated and untreated cells of
strain 1099.24 were, in this experiment, three
times higher than those for strain 1099.18 (Table
1).

S. schenckii (1099.24) yeast cells treated with
neuraminidase (10 U/ml) were taken up by acti-
vated macrophages much more efficiently than
by untreated cells (Table 2). No significant re-

duction of the phagocytic indexes with both
strains was observed at 0.2 U of neuraminidase
per ml. Neuraminidase (10 U/ml) released 3.6 ,ug
of sialic acid per ml of packed yeast cells as

assayed by the thiobarbituric acid method (27).
The effect of several mono- and polysaccha-

rides on the phagocytosis of S. schenckii is
shown on Table 3. Phagocytic indexes with
values of less than 70% of that of the control
were considered as evidence of partial inhibition
of phagocytosis. Among monosaccharides, man-

nose, rhamnose, galactose, glucosamine, N-ace-
tylglucosamine, N-acetylneuraminic acid, and a

mixture of five neutral sugars plus glucosamine

TABLE 3. Partial inhibition of S. schenckiia phagocytosis by monosaccharides and polysaccharidesb

Addition P F I % of
control

No addition 27.0 ± 5 1.9 ± 0.2 52.0 ± 8 100
No additionc 29.0 ± 1.5 1.7 ± 0.2 49.2 ± 8.4 100
Ribose 27.3 ± 2.0 1.8 ± 0.2 49.1 ± 7.8 94.4
Ribosec 26.0 ± 1 2.1 ± 0.2 54.7 ± 5.2 111.1
Xylose 27.0 ± 3 1.6 ± 0.2 43.0 ± 8 82.6
Arabinose 25.0 ± 1.5 1.9 ± 0.1 47.5 ± 6.5 91.3
Arabinosec 24.2 ± 2.7 1.9 ± 0.1 46.1 ± 8.7 93.7
Glucose 26.3 ± 4.5 1.4 ± 0.1 36.8 ± 3.4 70.7
Mannose 17.0 ± 4 1.8 ± 0.2 30.0 ± 8 57.6
Rhamnose 19.1 ± 1 1.6 ± 0.1 29.0 ± 2 55.7
Galactose 17.0 ± 2 1.6 ± 0 27.0 3 52
Glucosamine 14.6 ± 3.7 1.5 ± 0.1 22.1 ± 6.2 42.5
N-Acetylneuraminic acidc 16.8 ± 2.5 1.3 ± 0.1 22.1 ± 5 44.9
N-Acetylglucosaminec 13.0 ± 2 1.2 ± 0.1 16.0 ± 4.4 32.5
Rha + Man + Xyl + Gal 11.8 ± 1.5 1.2 ± 0.1 13.8 ± 3.2 26.5
+ Glc + GlcNH2'

Galactomannand 14.3 ± 2.2 1.4 ± 0.1 19.8 ± 5.2 38
Peptidopolysaccharide 31.2 ± 4.6 1.7 ± 0.1 53.3 ± 10.8 102.5

derivativef
a Except where indicated, experiments were made with S. schenckii 1099.18. P, F, and I ± standard deviations

are as in Table 1, footnote a.
b Monosaccharides were added at 10 mg/ml, and polysaccharides were added at 5 mg/ml. Values are averages

of three experiments with macrophages from three different mice.
c S. schenckii 1099.24 was used.
d Crude polysaccharide isolated from strain 1099.18.
e Individual sugars added to the mixture at 2 mg/ml each.
f Peptidopolysaccharide from strain 1099.18 after removal of 0-linked carbohydrate chains by p-elimination

(see the text).
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TABLE 4. Ingestion of S. schenckii 1099.18 by macrophages pretreated with purified rhamnomannana
Rhamnomannan % of
concn (mg/ml) F control

0 29.1 ± 1.5 1.8 ± 0.1 52.5 ± 5.1 100
10 17.8 ± 1.5 1.5 ± 0.1 28.0 ± 4.3 53.3
15 18.8 ± 1.5 1.5 ± 0.0 28.8 ± 2.3 54.8
20 14.3 ± 1.0 1.5 ± 0.1 21.5 ± 3.0 40.9

a Values ± standard deviations are averages of results of three experiments with macrophages from three
different mice. P, F, and I are as in Table 1, footnote a.

were inhibitors. Pentoses, glucose, and a pepti-
dopolysaccharide derivative of strain 1099.18
were not inhibitory by the criteria used. In both
strains, the partially purified peptidopolysac-
charides were toxic for macrophages and could
not be tested as inhibitors. By removing 0-

linked carbohydrate chains by 1-elimination
(0.05 N KOH plus 2 M KBH4 at 45°C for 16 h),
the resulting derivative was not inhibitory of
phagocytosis.
A preparation of a galactomannan from S.

schenckii (1099.18) which was not precipitated
by Fehling reagent was inhibitory of phagocyto-
sis. The purified rhamnomannan from S.
schenckii strain 1099.18 was also inhibitory at 10
mg/ml with no significant increase of this effect
at higher concentrations of the polysaccharide
(Table 4). The procedure, including gentle wash-
ing of macrophages after incubation with sugars
as generally used in this work, gave phagocytic
indexes similar to those of unwashed systems
(Table 5).
The inhibitory activity of monosaccharides on

phagocytosis was also studied in neuraminidase-
treated yeasts. The inhibitory effect was much
enhanced with rhamnose, galactose, and N-ace-
tylglucosamine (Table 6), the aminosugar being
the most effective (83.3% inhibition). N-Acetyl-
glucosamine was then used in experiments to

determine the effects on phagocytosis of the
time of incubation of macrophages with sugars
(Table 7), the sugar concentration (Table 8), and
its effect on the binding of yeasts to macro-
phages at 4°C. Best inhibition of phagocytosis
was observed when macrophages were preincu-
bated for 20 min with N-acetylglucosamine (Ta-
ble 7). Incubation with N-acetylglucosamine for
30 min without washing and without addition of
the yeast suspension could result in vacuolized
macrophages. The best concentration of N-ace-
tylglucosamine for maximal inhibition was 10
mg/ml (Table 8); hence, this concentration was
used for the other potential inhibitors. N-Acetyl-
glucosamine also inhibited binding of S.
schenckii (1099.18 and 1099.24) yeast cells to
macrophages at 4°C, suggesting a surface recog-
nition mechanism as a first step for phagocytosis
(Table 9). To determine whether sugars at the
concentration generally used (10 mg/ml) were
toxic to macrophages, a control was made by
measuring the ingestion of latex particles
(1/100). Percentages of phagocytosis in macro-
phages preincubated with N-acetylglucosamine,
glucosamine, galactose, and ribose at 10 mg/ml
were 38.5, 42.0, 37.8, and 39.3, respectively, as
compared with 37.6% of the control without
sugar addition. Phagocytosis of sensitized sheep
erythrocytes was also determined with macro-

TABLE 5. Effect on phagocytosis of pretreatment of macrophages with monosaccharides (10 mg/ml) with
and without washing before addition of S. schenckii yeast suspensions'

S. schenckii 1099.18 S. schenckii 1099.24
Pretreatment % of % of

control I control

Without washing
No addition 56.7 ± 6.4 100 60.5 ± 12.5 100
D-Galactose 25.5 ± 3.9 45 28.5 ± 6.1 47.1
N-Acetylglucosamine 20.4 ± 3.6 36 20.4 ± 4.6 33.7
L-Rhamnose 26.7 ± 0.8 47 34.2 ± 6.4 56.5

With washing
No addition 44.5 ± 1.1 100 55.5 ± 8.3 100
D-Galactose 22.1 ± 4.8 49.6 22.4 ± 2.3 40.3
N-Acetylglucosamine 14.2 ± 3.0 31.9 18.8 ± 5.9 33.8
L-Rhamnose 26.1 ± 4.2 58.6 26.6 ± 3.9 47.9
a I, Phagocytic index.
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TABLE 6. Inhibition of phagocytosis of neuraminidase-treated yeasts strain 1099.24 by simple sugarsa
_~~~~~~~~~~~~~~~ of

Addition P F I % ofcontrol

No addition 80.3 ± 2.0 2.4 ± 0.1 192.8 ± 10.7 100
L-Rhamnose 29.6 ± 1.7 2.1 ± 0.1 61.4 ± 8.1 31.8
D-Galactose 24.0 ± 1.8 2.1 ± 0.1 50.5 ± 6.2 26.1
N-Acetylglucosamine 16.5 ± 2.3 1.9 ± 0.1 32.3 ± 3.9 16.7

a Sugars added at 10 mg/ml. P, F, and I ± standard deviations are as in Table 1, footnote a.

phages pretreated with D-galactose, N-acetyl-
glucosamine, or L-rhamnose at 10 mg/ml for 20
min (Table 10). No inhibitory effect was ob-
served.

DISCUSSION
Correlation of results of the present work and

the host defense mechanisms in vivo against S.
schenckii infection seems possible in some as-
pects. Clearly, opsonization of yeast cells with
antibodies as with hydrophobic lectins greatly
increases phagocytosis of S. schenckii. The
phagocytosis of unopsonized yeast forms de-
pends on the cell surface constituents as shown
by neuraminidase treatment, by inhibition of
phagocytosis by competitive low-molecular-
weight ligands, and by isolated antigenic poly-
mers. Peptidopolysaccharides which are re-
leased extracellularly can neutralize humoral
antibodies and can be toxic to macrophages, as
observed in vitro, and thus represent an impor-
tant factor of pathogenicity of S. schenckii. S.
schenckii surface rhamnomannans and galacto-
mannans probably have a role in the binding of
yeasts to macrophages, but these molecules are
also excreted extracellularly. They are thus po-
tential inhibitors of the phagocytosis of unop-
sonized S. schenckii as also observed in vitro.
As expected, ConA-opsonized cells were ex-

tensively phagocytized by thioglycolate-elicited
mouse peritoneal macrophages. Receptors for
ConA on S. schenckii cells were detected by a

cytochemical method (24) and characterized as

peptidorhamnomannan complexes and galacto-
mannans (22-24). The ingestion by macrophages
of S. schenckii yeast cells pretreated with ConA
is similar to that of ConA-treated Saccharomy-
ces cerevisiae (3). With S. cerevisiae, the attach-
ment to macrophages of ConA-coated cells re-

sults in 80% ingestion of interacting yeasts. A
maximum of 12 yeast cells per macrophage is
reached at 200 FLg/ml of ConA. Phagocytosis of
S. schenckii yeast cells depended on the concen-
tration of ConA used to opsonize cells as well as
on the number of ConA-reactive receptors ex-
posed at the cell surface. Such a difference was
suggested by using two strains of S. schenckii
which required different concentrations of man-
nose to inhibit their agglutination by the same
concentration of ConA. Cells of one of these
strains (1099.18) have a tendency to lose the
outer layers of the cell wall during growth in a
liquid medium or wash (4), resulting in forms
with fewer surface receptors for ConA. The
phagocytic index of ConA-opsonized cells of
strain 1099.24 was approximately threefold more
than that with strain 1099.18. The average yield
obtained for the ingestion of ConA-treated yeast
cells of S. schenckii (1099.24) was 10.3 ± 2.2
yeasts per macrophage, which is comparable to
the value obtained for the attachment of S.
cerevisiae to macrophages though at higher lec-
tin concentrations (3).

Sialic acid residues present at the cell surface
of S. schenckii yeast cells are important constit-
uents protecting unopsonized fungal cells from

TABLE 7. Effect of preincubation of macrophages with N-acetylglucosamine on their capacity to ingest S.
schenckii yeast cellsa

S. schenckii 1099.18 S. schenckii 1099.24
Addition and

preincubation time (min) I % of % of
control control

No addition 67.1 ± 4.8 100 64.4 ± 10.2 100

N-Acetylglucosamine
(10 mg/ml)

5 69.6 ± 11.9 103.7 62.3 ± 5.6 9.7
10 59.1 ± 5.0 88.0 56.5 ± 10.3 87.7
15 44.9 ± 4.4 66.9 44.6 ± 3.0 69.2
20 21.0 ± 0.6 31.2 16.3 ± 3.8 25.3

0 I, Phagocytic index.
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TABLE 8. Effect of N-acetylglucosamine concentration on the phagocytosis of yeast cellsa
S. schenckii 1099.18 S. schenckii 1099.24

N-Acetylglucosamine
concn (mg/ml) I % of % of

control control

0 74 ± 7.4 100 63.5 ± 10.6 100
1 69.6 ± 18.6 94 71.6 ± 8.3 112.7
2 49.4 ± 10.5 66.7 56.2 ± 9.7 88.5
5 36.5 ± 1.9 49.3 54.3 ± 9.9 85.5

10 18.7 ± 3.7 25.2 18.8 ± 5.1 29.6

a I, Phagocytic index.

TABLE 9. Percentage of macrophages binding yeast
cells at 4°C with and without preincubation with N-

acetylglucosamine
% binding + SD

N-Acetylglucosamine
concn (mg/ml) S. schenckii S. schenckii

1099.18 1099.24

0 35.0 ± 7.4 37.8 ± 9.8
10 5.3 ± 3.0 3.1 ± 2.1

phagocytosis. Acidic residues, detected by reac-
tion with colloidal iron hydroxyde at low pH (4,
23) have been characterized as N-glycolylneura-
minic acid units in a glycolipid fraction (2).
Treatment of S. schenckii yeast cells with neur-
aminidase increased the phagocytic index 7.7-
fold over that of untreated cells. It seems possi-
ble that removal of acidic groups from the cell
surface may have increased its hydrophobicity,
thus promoting the necessary interfacial tension
(26) important for phagocytosis.
Receptors on macrophages for cell surface

constituents of S. schenckii could be suggested
by inhibition experiments with simple sugars
and polymers. Previously, binding of Propioni-
bacterium acnes and S. typhimurium to macro-
phages was inhibited by sugars present as con-
stituents of the cell wall envelopes (7, 11, 12).
Rhamnose, undetected in the lipopolysaccharide
of an S. typhimurium mutant or in the wall of P.
acnes was nevertheless inhibitory in both cases,
suggesting lack of specificity (29). In S.

schenckii, mannose, rhamnose, galactose, glu-

cosamine, N-acetylglucosamine, and N-acetyl-
neuraminic acid partially inhibited phagocytosis
(less than 70% the phagoctic index of the control
with no sugar added). Pentoses and glucose
were inactive or slightly inhibitory. A mixture of
some of the above sugars was more effective
than individual substances as an inhibitor of
phagocytosis. The inhibitory sugars are constit-
uents of S. schenckii cell surface components
(23). Isolated polysaccharides from S. schenckii
including a purified rhamnomannan and a par-
tially purified galactomannan were also inhibi-
tors.

Interestingly, removal of sugar residues by ,-
elimination from a peptidopolysaccharide prepa-
ration abolished its toxicity, but the resulting
compound did not inhibit phagocytosis.
The inhibitory effect of monosaccharides on

the phagocytosis of S. schenckii could be ampli-
fied by using yeast cells which have been treated
with neuraminidase. Since N-acetylglucosamine
was the best inhibitor, it was used to standardize
the condition for the inhibitory tests. At a 10-
mg/ml sugar concentration, macrophages kept
unaltered their capacity to phagocytize latex
particles or sensitized sheep erythrocytes. The
inhibitory activity of simple sugars on the phago-
cytosis of S. schenckii cannot thus be attributed
to functional alterations of macrophages as sug-
gested by others with high levels of sucrose and
hyperglycemic concentrations of glucose (18,
25). The exposure of macrophage cultures for 24
h to several neutral monosaccharides at 10 to 20
mg/ml, including pentoses, glucose, and galac-

TABLE 10. Phagocytosis of sensitized erythrocytes (2%) by mouse peritoneal macrophages pretreated with
monosaccharidesa

Pretreatment P F I

None 75.8 ± 3.8 12.5 ± 2.0 946 ± 139.7 (3)b
D-Galactose 73.5 ± 5.4 11.5 ± 1.3 843.2 ± 88.8 (3)
N-Acetylglucosamine 72 ± 3.1 13.4 ± 0.8 968.6 ± 99.2 (3)
L-Rhamnose 74.3 ± 6.2 14.5 ± 2.1 953.9 ± 181.2 (3)

a Monosaccharides added at 10 mg/ml for 20 min. P, F, and I ± standard deviations are as in Table 1, footnote
a.

b Number of animals used is shown parenthetically.
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tose, irrespective of whether they were metabo-
lizable by the cells, was not followed by vacuoli-
zation. Cells were morphologically identical to
control macrophages cultivated in unsupple-
mented serum (6). In our experience, N-acetyl-
glucosamine induces vacuolization after 30 min
of incubation with macrophages alone. Since
macrophages used in phagocytosis experiments
were gently washed (7) after 20 min of prein-
cubation with sugars, direct effects of the latter
on macrophage physiology were minimized dur-
ing the phagocytosis period. It seems therefore
that the inhibition of phagocytosis by sugars
reflects the existence of receptors on macro-
phages for S. schenckii surface components
which are indispensable for the cell-binding ini-
tial step. We do not know whether the recep-
tor(s) of mouse peritoneal macrophages respon-
sible for binding mannose-containing cell
surface components of S. schenckii are similar
to the common receptor in alveolar macro-
phages which recognizes mannose/glucosamine-
glycoproteins and binds Candida krusei (27).
However, since N-acetylglucosamine is more
efficient than mannose as an inhibitor of S.
schenckii binding and ingestion and is not a
prominent constituent of the yeast cell wall (15)
it seems that the receptor in peritoneal macro-
phages has a different specificity. A relatively
high affinity for monosaccharides is also sug-
gested for the receptors of mouse peritoneal
macrophages since the inhibitory activity of
phagocytosis and particle binding by simple sug-
ars is not affected by washing.
The above results point to the existence of

multiple carbohydrate receptors on the macro-
phage membrane which specifically recognize S.
schenckii cell surface components. Another al-
ternative is the occurrence of carbohydrate-
binding receptors of broader specificity. The N-
acetylglucosamine-binding receptor of
macrophages suggested in the present work
seems to fall in the second category.
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