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It is widely recognized that the resistance to phagocytosis of the group A streptococci by human granulocytes is
mainly due to the presence of M protein on their cell surface
(9). Hence, M protein is considered, by far, a major virulence factor for these bacteria. Antibodies to the M protein
neutralize its antiphagocytic property and facilitate phagocytosis of the bacteria. More than 75 serotypes of the
streptococcal M protein have been recognized over the
years, and the neutralizing activity of the M antibody is
essentially type specific.
The mechanism by which the M protein impedes the
phagocytosis of the group A streptococci is not yet fully
understood. Some recent studies have shown that M protein
is associated with qualitative defects in opsonization by
complement (4, 7, 12) and that it interferes with the receptor
binding of the deposited complement components. (17).
Other studies have suggested that fibrinogen inhibits the
complement-mediated opsonization of the streptococci by
binding to the surface M protein (18, 19). Structural studies
have demonstrated that M protein, which has an alphahelical coiled-coil structure similar to mammalian coiled-coil
proteins, extends as long, flexible fibrils from the cell surface
of the bacterium (10, 13, 15). The N-terminal domain of the
M protein, which is distal to the bacterial cell surface (5, 13),
has a significantly high negative charge, which in turn may
play a role in the biological function of the M molecule (11).
In the present study, we addressed the question of
whether the phagocytosis resistance of the group A streptococci is due to their ability to impair the function of the
phagocytes. We therefore examined whether the presence of
a phagocytosis-resistant strain of streptococci would have
any influence on (i) the phagocytosis of a streptococcal strain
that is otherwise susceptible to phagocytosis (antibodyindependent phagocytosis) and/or (ii) the phagocytosis of a
resistant strain rendered susceptible to phagocytosis due to
opsonization by its antibody (antibody-dependent
phagocytosis).

*

MATERIALS AND METHODS

Streptococcal strains. Streptococcus pyogenes strains B788
(type 5), D471 (type 6), and C126/59/7 (type 43) were from the
Rockefeller University collection. Strains B788 (type 5) and
D471 (type 6) are resistant to phagocytosis by human
granulocytes and were routinely enriched for the respective
M proteins by rotation in normal human blood (3). Strain
C126/59/7 (type 43) has previously been demonstrated to be
a phagocytosis-susceptible strain (6, 20).
Mit-C treatment of type 5 streptococci. A 50-ml log-phase
culture of the type 5 streptococci (strain B788) grown in
Todd-Hewitt broth was sedimented by centrifugation,
washed once with Todd-Hewitt broth, and resuspended in 5
ml of the same. A sample was removed for bacterial counts,
and the remainder of the su-spension was treated with
mitomycin C (Mit-C; 50 ,ug/ml, final concentration; Schwarz
Mann, Orangeburg, N.J.) for 1 h at 37°C, in the dark and
with rotation at 16 rpm. The cells were pelleted by centrifugation, washed several times in sterile phosphate-buffered
saline (PBS) (pH 7.4) to remove unreacted Mit-C, and
resuspended to the original volume with PBS. Samples were
removed to check for viability of cells by the pour-plate
method, and the remainder of the suspension was stored at
-70°C until used. Examination of the pour plates indicated
the absence of viable cells after Mit-C treatment. The
number of CFU in the Mit-C-treated type 5 streptococcal
suspension was therefore based on the counts determined
before the Mit-C treatment of the cocci.
Bactericidal assay. The bactericidal assay was carried out
essentially as described by Lancefield (8). Assays were
carried out in fresh, heparinized whole blood from nonimmune human donors. Samples (100 ,ul) of the type 43
streptococcal suspension were mixed with 100 ,ul of a
suspension of Mit-C-treated type 5 streptococci, 100 RI of
PBS, and 400 pI of heparinized human blood, and the
mixture was incubated at 37°C for 3 h. To maximize contact
between streptococci and phagocytes, the mixture was rotated end over end at 16 rpm during the course of incubation.
Nonrotated controls of the reaction mixtures were run in
parallel to determine the influence of the presence of Mit-Ctreated type 5 streptococci on the proliferation of type 43
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The resistance to phagocytosis of the group A streptococci has been attributed mainly to the presence of the
surface antigen, M protein. In the present study, we addressed the question of whether the phagocytosis
resistance of the group A streptococci is due to their abilty to impair the function of the phagocytic cells. The
results of these studies demonstrate that the presence of a large excess of a phagocytosis-resistant strain of
streptococci does not significantly interfere with either the antibody-independent or the antibody-dependent
phagocytosis of streptococci. Apparently, a phagocytosis-resistant strain of streptococci does not bring about
a generalized deactivation of the phagocytic plasma membrane. This suggests that if the resistance of the group
A streptococci is due to any deactivating influence at all on the phagocytic plasma membrane, it is likely to be
confined to the contact area of the cocci with the phagocyte.
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dilution by the pour-plate method in the presence of sheep
blood.
In tests aimed at examining the influenoe of the presence
of the resistant type 5 streptococci on antibody-mediated
phagocytosis, experiments similar to those described above
for the type 43 streptococci were carried out with type 6
streptococci in the presence or absence of 100 ,ul of type 6
antiserum.
Antisera. Antisera to heat-killed suspensions of type 5 and
type 6 bacteria were prepared in rabbits as previously
described (14).
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FIG. 1. Influence of Mit-C-treated type 5 streptococci on the
phagocytosis of type 43 streptococci. Type 43 cocci inoculum, 5.49
x 104 CFU. Mit-C-treated type 5 cocci were present at 3.8 x 107
CFU. CFU presented on the histogram represent the counts from a
100-,ul sample of the assay mixture at the end of the assay period.
Nonrotated, conditions unfavorable for phagocytosis; rotated, conditions favorable for phagocytosis. Bars A, C, and E, Type 43 cocci
in the absence of Mit-C-treated type 5 cocci. Bars B, D, and F, Type
43 cocci in the presence of Mit-C-treated type 5 cocci. The type 5
cocci were unopsonized in bars B and D, but were opsonized in bar
F. Type 5 antiserum, but no type 5 cocci, were present in bar E.

streptococci under nonphagocytizing conditions. To ensure
sufficient competition by the resistant strain, the Mit Ctreated type 5 streptococci were used at an approximately
1,000-fold excess over the susceptible strain. Based on the
average neutrophil count in normal human blood of 3.8 x
106/ml (1), the ratio of the CFU of the resistant strain to
neutrophils in the assay system was of the order of 25:1.
Thus, the ratio of the resistant type 5 CFU to neutrophils to
susceptible cocci CFU was of the order of 1,000:40:1. Since
the average chain length of the type 5 cocci was about six
cocci, the ratio in terms of single cocci to neutrophils was of
the order of 150:1. Control experiments were also run in
which the type S cocci were opsonized. In these tests, 100 ,ul
of the type 5 antiserum was used in place of PBS. At the end
of the 3-h incubation period, the number of surviving organisms was determined by dilution of the assay mixture with
sterile PBS, and plating 100-,ul samples of the appropriate

RESULTS
Phagocytosis of susceptible type 43 streptococci in the
presence of resistant type 5 streptococci. To determine the
influence of a resistant strain of streptococci on the
phagocytosis of a susceptible strain of streptococci, we
carried out a bactericidal assay of the susceptible type 43
strain in the absence and in the presence of the resistant type
5 streptococci. To follow the phagocytosis of the susceptible
strain in the presence of the resistant cocci without interference due to proliferation of the latter, a live preparation of
the susceptible strain and a nonproliferating preparation of
the resistant strain were used in the test system. To minimize
the alteration of the bacterial surface structures, the resistant
strain was rendered nonproliferative by treatment with MitC, a DNA-intercalating agent (16).
When the type 43 cocci were incubated without rotation in
human blood (nonrotated conditions) they proliferated (Fig.
1, bar A). The degree of this proliferation was essentially
unaltered in the presence of an approximately 700-fold
excess of Mit-C-treated type 5 streptococci (bar B). However, when the type 43 cocci were rotated in the presence of
human blood, they were readily ingested and killed (bar C).
When a similar rotation was carried out in the presence of
Mit-C-treated type 5 streptococci (bar D), the type 43 cocci
were ingested and killed essentially to the same degree as in
the absence of the type 5 streptococci (bar C). Thus, it is
apparent that the presence of a nearly 700-fold excess of the
phagocytosis-resistant type 5 streptococci did not interfere
with either the growth or the phagocytosis of the susceptible
type 43 cocci.
Although the type 5 streptococci by themselves resist
phagocytosis, type-specific antibodies are capable of opsonizing these bacteria and thus facilitate their phagocytosis.
Therefore, to ensure that the neutrophils were indeed present at limiting concentrations and that the assay system
permitted the measurement of the influence, if any, of the
resistant type 5 cocci on the function of the neutrophils,
control experiments were run in which the type 5 cocci were
opsonized. The type 5 antiserum by itself had no significant
influence on the phagocytosis of the type 43 cocci (Fig. 1, bar
E). The colony counts were essentially the same as in the
absence of the type 5 antiserum (Fig. 1, bars C and E).
However, the phagocytosis of the type 43 cocci were significantly inhibited in the presence of a large excess of the
opsonized type 5 cocci (bar F). These results clearly indicate
that under the present experimental conditions, the concentration of the neutrophils is indeed limiting.
Phagocytosis of opsonized type 6 streptococci in the presence
of the resistant type 5 streptococci. Like type 5 streptococci,
type 6 streptococci by themselves are resistant to ingestion
by human granulocytes, and opsonization of these cocci by
type-specific antiserum facilitates their phagocytosis. To
determine whether the presence of a phagocytosis-resistant
streptococcus has any influence on antibody-mediated
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phagocytosis of a second streptococcus, the phagocytosis of
opsonized type 6 streptococci was studied in the presence of
Mit-C-treated type 5 streptococci. Like the type 43 cocci
under nonrotated conditions, proliferation of the type 6 cocci
was unaffected in the presence of Mit-C-treated type 5
streptococci (Fig. 2, lanes A and B). Similarly, neither the
resistance to phagocytosis of unopsonized type 6 cocci (Fig.
2, lanes C and D) nor the susceptibility of the opsonized type
6 cocci was influenced significantly by the presence of
Mit-C-treated type 5 cocci (Fig. 2, lanes E and F). Thus, it is
apparent that Mit-C-treated type 5 streptococci did not
significantly interfere with the antibody-mediated phagocytosis of the type 6 streptococci.
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FIG. 2. Influence of Mit-C-treated type 5 cocci on the
phagocytosis of opsonized type 6 streptococci. Type 6 cocci
inoculum, 1.77 x 104 CFU. Mit-C-treated type 5 cocci were present
at 3.8 x 107 CFU. Nonrotated and rotated refer to the experimental
conditions that are unfavorable and favorable for phagocytosis,
respectively. Bars A, C, and E, Type 6 cocci in the absence of
Mit-C-treated type 5 cocci. Bars B, D, and F, Type 6 cocci in the
presence of Mit-C-treated type 5 cocci. Type 6 cocci were unopsonized in bars C and D, but were opsonized in bars E and F.
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DISCUSSION
Earlier studies have demonstrated that the resistance to
ingestion of the group A streptococci does not depend on the
cocci being in an actively dividing state. It was observed that
streptococci retain their ability to resist ingestion by
phagocytes after they have been killed by heat, mercury-arc
irradiation, or several chemical agents (21). In those studies,
the susceptibility of cocci to ingestion was scored on the
basis of the percentage of neutrophils containing the streptococci, i.e., on a morphological basis. In other studies,
Beachey and Stollerman (2) have demonstrated that the

phagocytes are not morphologically affected in the presence
of live phagocytosis-resistant streptococci.
In the present study, we examined the susceptibility of
streptococci to ingestion in a bactericidal assay system,
which allows for scoring of the surviving cocci. The results
clearly demonstrate that the presence of a nearly 700- to
1,000-fold excess of the phagocytosis-resistant type 5 cocci
does not significantly interfere either with the phagocytosis
of the susceptible type 43 streptococci, i.e., antibodyindependent phagocytosis, or with the phagocytosis of
opsonized type 6 streptococci, i.e., antibody-dependent
phagocytosis. If the resistant streptococci brought about
generalized deactivation of the phagocytic plasma membrane, then ingestion of the susceptible type 43 cocci, as well
as that of the opsonized type 6 cocci, should be inhibited in
the presence of the resistant cocci. If, on the other hapd, the
influence of the resistant cocci on the phagocytes is confined
to the segment of the plasma membrane at or around the
contact site of the resistant cocci, then ingestion of the
susceptible cocci should be unaltered. The results of the
present study demonstrate that even at a ratio of resistant
streptococci to phagocytes of 150:1, there is no significant
influence on either the antibody-dependent or the antibodyindependent phagocytosis. It is therefore clear that the
presence of the resistant cocci does not bring about a
generalized impairment of the phagocytic function. Thus, it
is apparent that if the resistance of the group A streptococci
to phagocytosis, which is correlated with the presence of the
surface M antigen, is due to a deactivating influence on the
phagocytes, it is likely to be a local effect at or around the
contact site of the resistant cocci with the phagocytic plasma
membrane.
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