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Fibronectin-binding protein I (SfbI) represents a major adhesin of Streptococcus pyogenes. Mice were intra-
nasally immunized with recombinant proteins spanning different portions of SfbI to identify the minimal
fragment able to elicit a protective response against a lethal challenge with S. pyogenes. The strongest cellular
responses and the highest levels of antigen-specific secretory immunoglobulin A (IgA) were detected in mice
immunized with the fibronectin-binding region of SfbI. In contrast, animals vaccinated with a polypeptide
spanning the aromatic and proline-rich regions showed the highest titers and fastest IgG response in serum.
Vaccination with either SfbI without a membrane anchor and signal peptide or a polypeptide encompassing its
fibronectin-binding regions resulted in efficient protection against heterologous challenge (60% and 80%,
respectively), whereas the use of a polypeptide lacking this region conferred marginal protection (10%) with
respect to the control group (0%). These results demonstrate that the fibronectin-binding region of SfbI is a
promising candidate antigen for developing anti-S. pyogenes vaccines.

Streptococcus pyogenes is a human pathogen that can cause
different diseases, ranging from localized infections like phar-
yngitis to highly invasive diseases, such as sepsis, necrotizing
fasciitis, and toxic shock-like syndrome. Severe sequelae, such
as rheumatic fever, rheumatic heart diseases, and acute post-
streptococcal glomerulonephritis, have often been observed
following streptococcal infections (19). Although infections
caused by S. pyogenes can be treated with antibiotics, an in-
crease in the incidence of streptococcal infections and espe-
cially of their sequelae has been observed throughout the
world (7, 14). Therefore, there is an urgent need to develop a
vaccine that can confer protective immunity without leading to
cross-reactions with host tissues. Several potential vaccine can-
didates include the M protein, a major virulence factor of
S. pyogenes (1, 2, 13); the C5a peptidase, a surface-bound
peptidase which cleaves mouse and human C5a chemotaxins
(6); and the extracellular cysteine protease, which cleaves hu-
man fibronectin and converts interleukin 1b (IL-1b) precursor
to biologically active IL-1b (8).

We have recently shown that intranasal immunization with
the fibronectin-binding protein I (SfbI) induces protection
against homologous or heterologous lethal challenge with
S. pyogenes (3). SfbI is a multifunctional protein that can me-
diate bacterial attachment to host cells and the subsequent
colonization of the upper respiratory tract, as well as bacterial
internalization into nonphagocytic cells (4, 5, 9, 12, 15–17). In
addition, SfbI binds to the Fc fragment of human immuno-
globulin, (Ig) interfering with Fc-receptor-mediated phagocy-

tosis and antibody-dependent cell cytotoxicity by macrophages
(10). The advantages of the SfbI protein as a candidate antigen
for inclusion in vaccine formulations against S. pyogenes in-
clude (i) the high conservation of its functional domains, (ii) its
surface localization, (iii) its expression by a large number of
clinical isolates from different serotypes (73%), and (iv) the
lack of cross-reactivity with host tissues (15–18). SfbI com-
prises an NH2-terminal signal peptide which is followed by an
aromatic domain, a region containing proline-rich repeats
which is flanked by nonrepetitive spacer sequences (the latter
of them with fibronectin-binding activity), a second fibronec-
tin-binding region encompassing different repeats, and a typi-
cal cell wall and membrane anchor region in the COOH
terminus (Fig. 1).

The instability of the SfbI protein observed during protein
purification and/or storage may constitute a problem during
the scale-up process. Previous studies demonstrated that trun-
cated portions of SfbI were significantly more stable. There-
fore, the objective of this study was to identify the minimal
region of SfbI which retains the capacity to confer protective
immunity against S. pyogenes. To achieve this aim, purified
recombinant polypeptides encompassing different regions of
the SfbI protein, which were generated and purified as previ-
ously described (3, 12), were used to immunize mice that were
subsequently challenged with a heterologous, virulent S. pyo-
genes strain. The immune responses stimulated by the different
fragments were then characterized.

Antigen-specific serum antibody responses after intranasal
immunization with the SfbI derivatives. Intranasal immuniza-
tion with a polypeptide spanning the SfbI protein without sig-
nal peptide and cell-wall and membrane anchor regions (H2)
or polypeptides encompassing distinct regions (H10 or H12)
resulted in the stimulation of efficient antigen-specific IgG
responses in serum at day 25 after immunization (Fig. 2A). The
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highest titers and similar IgG response kinetics were observed
for mice immunized with H2 and H10, with high titers even
after the first boost (day 14). Although H12-specific IgG titers
were low after the first boost in H12-immunized mice, high
titers were observed at day 25 after vaccination. The stimula-
tion of a different T-helper subpopulation may have a dramatic
impact on vaccine efficacy. Thus, the major IgG isotype pat-
terns stimulated by the different antigens were also investi-
gated. While IgG1 was the dominant isotype in mice immu-
nized with H2 or H12 (Th2-like pattern), animals immunized
with H10 showed equal amounts of IgG1 and IgG2a, followed
by IgG3 (mixed Th1-Th2-type pattern) (Fig. 2B).

Antigen-specific mucosal antibody responses after intrana-
sal immunization with the SfbI derivatives. The elicitation of
a strong local mucosal response seems to play an important
role in protection against many microbial pathogens. In our
experimental model, results of previous studies using SfbI also
suggested that the stimulation of secretory antibodies is critical
to achieve full protection against S. pyogenes (3). Thus, the
ability of SfbI derivatives to trigger the elicitation of antigen-
specific antibodies in the respiratory mucosa was also evalu-
ated. The obtained results (Fig. 2C) show that the fragment
encompassing both fibronectin-binding regions (H12) was the
most efficient at stimulating fragment-specific mucosal IgA,
followed by the H2 and H10 derivatives.

Antigen-specific cell-mediated immune responses after in-
tranasal immunization with the SfbI derivatives. Generation

of antigen-specific effector cells in response to vaccination was
evaluated for H2-, H10-, and H12-immunized mice. At day 25
after immunization, cells were isolated from the spleen and
lymph nodes from immunized mice and restimulated in vitro
for 4 days with the corresponding antigen as previously de-

FIG. 1. Schematic structure of the SfbI protein and the recombinant derivatives used in this work.

FIG. 2. Humoral immune responses stimulated by the SfbI deriv-
atives. Mice (n 5 5) were intranasally immunized with 510 pmol of the
corresponding polypeptide together with 180 pmol of CTB. (A) Kinet-
ics of the fragment-specific serum IgG responses. Results are ex-
pressed as the reciprocal log2 of the geometric mean endpoint titer
(GMT) of five mice per group; immunizations are indicated by arrows.
The obtained results are statistically significant (Student’s t test) when
compared with values for the control group (CTB alone) at P , 0.05
(p). The standard errors of the mean (SEM) were in all cases lower
than 5% of the values. (B) Isotype profiles of the antigen-specific IgG
antibodies present in the serum of vaccinated mice. Results are the
averages of triplicate samples. SEM are indicated by vertical lines. (C)
Antigen-specific IgA antibodies in lung washes of mice. Results are
expressed as the percent antigen-specific IgA antibodies with respect
to total IgA. The obtained results are statistically significant when
compared with values for the control group (CTB alone) at P , 0.05
(p). SEM are indicated by vertical lines.
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scribed (11). Cells isolated from mice immunized with the H2
or H12 fragment showed comparable proliferative responses to
the homologous antigen, responses which were significantly
higher (P , 0.05) than those of cells from H10-vaccinated

animals (Fig. 3A). A higher frequency of antigen-specific pre-
cursors was also observed in cells isolated from lymph nodes in
comparison with cells isolated from the spleens of all immuni-
zation groups (P , 0.05). To determine the nature of the
stimulated cellular responses, cells from spleens of immunized
mice were depleted of B cells, and proliferation was measured
after 4 days of antigenic restimulation. The obtained results
showed that cellular responses were significantly impaired
(P , 0.05) after depletion of B cells (Fig. 3B). This consistent
impairment seems to result from the elimination of the main
responding population, since other antigen-presenting cells
(e.g., macrophages and dendritic cells) were not depleted dur-
ing the preparation.

Determination of protective immunity induced by the SfbI
derivatives. BALB/c mice vaccinated with the SfbI derivative
H2, H10, or H12 coadministered with the cholera toxin B
subunit (CTB) as an adjuvant or with CTB alone were intra-
nasally challenged with the virulent S. pyogenes strain NS192 (a
heterologous blood isolate from the Australian Northern Ter-
ritories) (Fig. 4). All mice from the control group died within
5 days, with a mean survival time of approximately 2.4 days.
The highest level of protection (80%) was observed after im-
munization with the fibronectin-binding regions (fibronectin-
binding spacer and fibronectin-binding repeats; H12), followed
by 60% protection induced by the H2 fragment. In contrast,
the construct lacking both fibronectin-binding regions (H10)
showed no protective capacity, with 90% lethality on day 6
after challenge and a mean survival time comparable to that of
the control group (;2.4 days).

To discriminate between the potential contribution of the
fibronectin-binding repeats and that of the fibronectin-binding
spacer, mice were also vaccinated with a polypeptide encom-
passing the fibronectin-binding repeats alone (H8). Immuniza-
tion with the H8 fragment induced the same level of protection as

FIG. 3. Cellular immune responses stimulated by the SfbI deriva-
tives. (A) Antigen-specific proliferative responses of spleen and lymph
node cells to the specific polypeptide. The obtained results are statis-
tically significant (Student’s t test) when values for the H2 and H12
groups are compared with values for the H10 group at P , 0.05 (p). (B)
Effect of B-cell depletion on antigen-specific proliferative responses of
spleen cells. Proliferation was assessed after 4 days of culture in the
presence of 20 mg of the corresponding antigen/ml by measuring the
incorporation of [3H]thymidine (11). Results are expressed as the
mean counts per minute (c.p.m.) of triplicate samples; standard devi-
ation is indicated by vertical lines.

FIG. 4. Survival of mice intranasally immunized with the SfbI derivatives coadministered with CTB against a lethal challenge with a heterol-
ogous S. pyogenes strain. Animals (n 5 10) were vaccinated and challenged with 108 CFU of S. pyogenes strain NS192, following standard protocols
(3), and mortality was recorded daily. The obtained results are statistically significant when compared with values for the control group (CTB
alone) at P , 0.05 (p). There is no statistically significant difference among the groups vaccinated with H2, H8, and H12.
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that with H12 (80%). This suggests that the fibronectin-binding
repeats are the minimal region of the tested fragments which is
required to stimulate a protective response against lethal re-
spiratory challenge with S. pyogenes. This is further supported
by the fact that fibronectin-binding spacer-specific antibodies
could not be detected after immunization with the H2 frag-
ment (data not shown). Whether smaller fragments, e.g., a
single fibronectin-binding repeat, can also confer protective
immunity remains to be elucidated.

Although the H12 polypeptide was less efficient than H10 in
triggering serum responses, it proved to be the most efficient
for the stimulation of secretory IgA. This suggests that high
levels of antigen-specific mucosal IgA against the fibronectin-
binding regions of SfbI represent a good correlate for vaccine
protection. Since the fibronectin-binding repeats mediate bac-
terial attachment to respiratory cells via binding to fibronectin
(15, 17), we can speculate that the immune response stimu-
lated by H12 interferes with bacterial colonization and subse-
quent disease development.
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