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Group B streptococci (GBS) elaborate type-specific capsular polysaccharides that share considerable structural similarity with known human glycoconjugates. The type lb
polysaccharide is of particular interest because, as illustrated in Fig. 1, its repeating unit (20) is virtually identical to
those of certain oligosaccharides present in human milk (13,
21) and various fetal antigens (6, 19). Moreover, the immunologic response to the type Ib polysaccharide also involves
the production of antibodies to the desialylated form of the
antigen, which possesses a terminal galactose-containing
determinant also present in various mammalian glycoconjugates. These observations must be considered as research is
conducted towards developing vaccines for the prevention
of GBS disease in neonates, since an essential requirement
of any vaccine is that it does not induce antibodies that might
be detrimental to mother, infant, or developing fetus. Crossreactions of the type Ib polysaccharide and human glycoconjugates would be predicted on the basis of their chemical
structures. The purpose of this study was to verify the
existence of such cross-reactions by use of mouse monoclonal antibodies of defined specificities for the sialylated and
desialylated determinants of the type Tb capsular antigen.

intraperitoneally 24 days later and once again 22 days later,
with half of the original vaccine being given intraperitoneally
and half being administered intravenously. Four days later,
the spleen cells were fused with Ag8.653 cells (12) as
described previously (4). Hybridoma supernatants were
screened for specific antibody production by an enzymelinked immunosorbent assay (ELISA) (4, 7) and by an
indirect immunofluorescence technique with freshly cultured
GBS cells and GBS type Tb cells that had been desialylated
as described above. In the latter technique, washed GBS
cells were cytocentrifuged onto glass slides and heat fixed;
10 ,ul of hybridoma supernatant was placed on top of the
fixed cells and incubated at 4°C for 30 min. After the slides
were washed, 10 RI of 30-,ug/ml fluorescein isothiocyanatelabelled goat anti-mouse immunoglobulin (Southern Biotechnology Associates, Inc., Birmingham, Ala.) was placed on
top of the fixed cells and incubated at 4°C for 30 min. The
slides were washed again, mounted in Gelvatol (Monsanto,
Indian Orchard, Mass.), and examined under an epifluorescence microscope to identify positive hybridoma supernatants. Anti-GBS hybridomas were cloned by limiting dilution
on peritoneal exudate feeder cells and grown in mice to
produce ascites fluid containing monoclonal antibodies. The
isotypes of the antibodies were determined by double diffusion of 20-fold-concentrated culture supernatants against
isotype-specific anti-mouse immunoglobulin (Southern Biotechnology).
Chromatography of monoclonal antibodies on human milk
oligosaccharide affinity columns. Immobilized sialyllacto-Ntetraose a (LST-a-Fractogel) and lacto-N-tetraose (LNTFractogel) were purchased from BioCarb Chemicals, Lund,
Sweden. Ascites fluid containing monoclonal antibodies was
diluted with an equal volume of running buffer (0.1 M
Tris-HCl [pH 7.5], 1 mM CaCl2), and 1 ml of the mixture was
passed through a 1-ml column of immobilized oligosaccharide. The column was washed three times with 2 ml of
running buffer and then eluted with 30 mM EDTA in
Tris-HCl (pH 9), and 0.5-ml fractions were collected. The

MATERIALS AND METHODS
Monoclonal antibodies. Monoclonal antibodies were produced by a modification of a procedure described previously
(4). The vaccines were prepared from GBS grown in ToddHewitt broth to the log phase, washed in phosphate-buffered
saline (PBS), heat killed at 80°C for 15 min, and diluted to an
A59 of 0.6. A BALB/c female mouse was immunized intraperitoneally with 0.1 ml of a mixture composed of equal
parts of the vaccine suspensions of strains H36B (type Tb),
18RS21 (type II), and 1073 (nontypeable). Another mouse
was immunized with 0.1 ml of an H36B vaccine that had
been treated with 2 N acetic acid at 80°C for 10 min to largely
desialylate the type lb polysaccharide. Mice were boosted
*

Corresponding author.

LNT-Fractogel column
1598

was

also finally eluted with 0.1 M

Downloaded from http://iai.asm.org/ on April 18, 2021 by guest

The chemical structures of the repeating units of the type lb polysaccharide of group B streptococci and of
the desialylated form of this antigen are almost identical to those of some oligosaccharides in human milk and
certain fetal antigens. The structural similarities suggested that the molecules may be immunologically
cross-reactive. Mouse monoclonal antibodies to the sialylated and nonsialylated forms of the type Ib
polysaccharide were produced and tested for their ability to bind to immobilized human milk oligosaccharides.
One antibody, SMB19, reacted specifically with the sialylated form of the type Tb polysaccharide and was also
bound by an affinity column containing immobilized sialyllacto-N-tetraose a. The antibody was eluted from the
affinity column with EDTA, since its binding to the antigen was calcium dependent. A second monoclonal
antibody, SIbD2, bound specificall to the nonsialylated form of the type lb polysaccharide and also to
immobilized lacto-N-tetraose. The antibody was eluted from the affinity column at an acidic pH and retained
immunologic activity. These results further extend our previous observations that certain antibodies raised
against group B streptococci can also react with normal human glycoconjugates.
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FIG. 1. Structures of the repeating units of the sialylated and nonsialylated forms of the GBS type lb polysaccharide and the structurally
similar human milk oligosaccharides and fetal antigens. NeuNAc, N-acetylneuraminic acid; Gal, galactose; Glc, glucose; GlcNAc,
N-acetylglucosamine; Cer, ceramide.

sodium citrate buffer (pH 3.5), and the resulting fractions
were immediately neutralized. The protein contents of the
fractions were determined by use of the Bio-Rad protein
assay with bovine gamma globulin (Sigma Chemical Co., St.
Louis, Mo.) as a protein standard. Both the bound and
unbound column fractions were subjected to double diffusion in a 1% agarose gel containing 0.1 M Tris-HCI (pH
7.5)-l mM CaC12. Fractions from the LST-a-Fractogel column were also examined by electrophoresis on an 8%
polyacrylamide gel run under reducing conditions for 55 min
at 200 V and stained with 1% Coomassie blue (14).

RESULTS
Immunization of a mouse with a vaccine containing three
different GBS strains made it possible for us to produce 31
different monoclonal antibodies of a variety of specificities.
One of several antibodies with specificity for the type lb
polysaccharide was designated SMB19. It reacted specifically with GBS type lb cells in the indirect immunofluorescence assay and only with the sialylated form of the GBS
type Ib polysaccharide in the ELISA (data not shown). An
additional 11 hybridomas were produced after immunization
with desialylated GBS. One of them, designated SIbD2,
which reacted only with the desialylated form of the GBS
type Tb polysaccharide, was used in this study. Both SMB19
and SIbD2 monoclonal antibodies were immunoglobulin M
(K).

To determine whether monoclonal antibody SMB19
bound to the structurally similar human milk oligosaccharide, sialyllacto-N-tetraose a, we passed SMB19 ascites fluid
through a column containing the immobilized milk oligosaccharide. Unbound material was washed through the column
with buffer. Bound material was eluted with 30 mM EDTA,
since a previous study demonstrated that the binding of
SMB19 to the GBS type lb polysaccharide was calcium
dependent and could be inhibited by either EDTA or Pi (18).
Figure 2 shows the results of affinity chromatography of
SMB19. Unbound fractions 1 and 2 were pooled and, similarly, fractions 6, 7, and 8, containing bound material eluted
by EDTA, were separately pooled. The two pools were

analyzed by polyacrylamide gel electrophoresis (Fig. 3).
Lanes 1 and 6 contained molecular weight standards, lane 5
contained mouse albumin, and lane 2 contained the original
SMB19 ascites fluid. Lane 4 contained material that bound to
the column and was subsequently eluted by EDTA. The two
bands corresponded in molecular weight to the heavy and
light chains of immunoglobulin M. Lane 3 contained unbound material that was washed through the column and was
depleted of the two antibody bands shown in lane 4. Both
unbound and EDTA-eluted fractions were studied by immunodiffusion against the GBS type lb polysaccharide. Only
the fraction eluted by EDTA produced a precipitin band
(data not shown). To control for nonspecific binding of the
antibody to the column, we also passed monoclonal antibody
SMB19 through a similar column containing immobilized
lacto-N-tetraose. None of the antibody bound to this col-
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FIG. 2. Affinity purification of monoclonal antibody SMB19 on a
column of immobilized sialyllacto-N-tetraose a. The arrow indicates
the point at which elution was begun with 30 mM EDTA.
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monoclonal antibody SIbD2 could not be eluted by EDTA.
This result was expected, since we had previously shown
that the binding of this antibody was not calcium dependent
(18). The antibody was eluted by 0.1 M sodium citrate buffer
(pH 3.5) and retained immunologic activity, producing a
precipitin band against the nonsialylated GBS type lb
polysaccharide upon double diffusion in agarose (data not
shown).

s
.
:'Ar'

45-

-

kDa

2

4

3

5

6

SD'
purification of monoclonal antibody SMB19 on a column of immobilized sialyllaicto-N-tetraose a. Lanes: 1 and 6, high-molecularmass standardIs of the indicated sizes; 2, original SMB19 ascitic
fluid; 3, ascitiic fluid fraction not bound by the column (pooled
fractions 1 and1 2); 4, fraction bound to the column and eluted with
EDTA (pooled fractions 6, 7, and 8); 5, mouse albumin.
S-PAGE protein profiles of fractions from the affinity

umn, and no material could be eluted by EDTA (data not

shown).
The secon(d monoclonal antibody, SIbD2, which bound to
acid-treated GBS type Ib cells in the indirect immunofluorescence ass.ay, also bound specifically to the nonsialylated
form of the ( 3BS type Ib polysaccharide in the ELISA and
produced a pirecipitin band against the nonsialylated antigen
upon double diffusion in agarose (data not shown). Figure 4
shows the re-sults of affinity chromatography of monoclonal

antibody SItbD2. When SIbD2 ascites fluid was passed
through the LNT-Fractogel column, the antibody was
bound. Unliike monoclonal antibody SMB19, however,
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antiserum used. The availability of murine monoclonal antibodies made it possible to demonstrate that antibodies can
have an exclusive specificity for either the sialylated or the
nonsialylated form of the Ib antigen (18). Monoclonal antibody SMB19 reacted only with GBS type Ib cells in an
indirect immunofluorescence assay and only with the sialylated form of the GBS type Tb polysaccharide in the ELISA.
SMB19 is highly protective in mice challenged with an
otherwise lethal dose of GBS type Ib cells (18). In this study,
we demonstrated that SMB19 binds to the human milk
oligosaccharide sialyllacto-N-tetraose a bound to Fractogel.
This same pentasaccharide has been reported to be linked to
ceramide in human fetal tissues (6).
The calcium requirement for the binding of monoclonal
antibody SMB19 was of particular interest. Negatively
charged polysaccharide antigens are very likely to bind
divalent metal ions, in turn possibly resulting in conformational changes critical for the binding of certain antibodies.
We previously reported that some antibodies directed
against GBS type antigens, the GBS group antigen, and
teichoic acid appeared to require calcium for binding and
were inhibited by EDTA and phosphate (18). We suspect
that calcium-dependent antibody binding is a relatively common, although often unrecognized, property of many antigen-antibody systems involving acidic polysaccharides. In
preliminary studies comparing various buffers in an ELISA,
we found that most human sera with antibodies to GBS type
Ib polysaccharide showed significantly more binding in Tris
containing 1 mM calcium chloride than in Tris alone, phosphate, or borate (unpublished observations). The extent to
which human antibodies to the various GBS polysaccharide
antigens are calcium dependent is unknown but is currently
under investigation.
The nonsialylated form of the GBS type Ib polysaccharide
has

a

repeating unit corresponding

to

that of another human

milk oligosaccharide, lacto-N-tetraose. Monoclonal anti-

antibodySIbDbody SIbD2, produced by immunizing a mouse with desi-

purification of monoclonal
FIG. 4. Affi
column of imrn nobilized lacto-N-tetraose. The solid arrow indicates
the point at wlhich elution was begun with 30 mM EDTA, and the
broken arrow iindicates the point at which elution was begun with 0.1
M sodium citri ate (pH 3.5).

alylated GBS type

Tb cells, was found to bind to an affinity

column of this milk oligosaccharide. The glycolipid form of

this antigen, lacto-N-tetraosylceramide, has been reported
to be restricted to a small number of cell types, including
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DISCUSSION
The complex nature of antibody specificities for GBS
polysaccharides have been recognized since Lancefield's
original classification, which was based on rabbit antisera
produced by immunization with whole killed organisms (15).
Rabbits readily made antibodies to the acid-extracted, desialylated antigens used for serotyping, as well as to the labile,
"complete" (sialylated) antigens and to a Iabc carbohydrate
determinant common to both type Ia and type Ib (16, 22). In
more recent immunochemical studies, Schifferle et al. found
that their type Ib rabbit antiserum could not distinguish
between the sialylated and desialylated forms of the type Ib
polysaccharide (20). They postulated a conformational explanation for this finding, but it is also possible that it was
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sium-free PBS (11), conditions under which antibodies similar to SMB19 would not have bound. We remain hopeful
that appropriate vaccines against GBS can be developed, but
the possibility of inducing major cross-reactions with human
glycoconjugates has not been excluded, and the complex
immunochemistry of the GBS antigens merits further careful
study.
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It remains to be determined what precise antibodies are
made in humans and whether immunization with GBS
polysaccharides might give rise to antibodies that could be
detrimental to mother or fetus. Hayrinen et al. studied this
question by preparing glycopeptide fractions from various
tissues, radiolabeling them, and using them in immunobinding assays with human antisera (11). These antisera were
obtained from individuals who responded with significant
antibody levels after vaccination with GBS type Ia, II, or III
polysaccharides. No cross-reactions were found. However,
antisera from these volunteers were collected 1 month to 6
years after immunization. Had autoantibodies been elicited
by vaccination of these individuals, it seems unlikely that
they would have persisted in the circulation for such a long
time. Furthermore, not all humans immunized with polysaccharide vaccines mount a significant response. It has been
reported, for example, that only about 60% of individuals
respond to a GBS type III polysaccharide vaccine (1, 2, 5).
It is possible that GBS vaccines are more likely to elicit
autoimmunity in apparent nonresponders. Some antibodies
may have been missed, since all the immunobinding assays
of Hayrinen et al. were carried out in calcium- and magne-
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human fetal intestinal and bronchial epithelial cells and
embryonal carcinoma cells (6). It is not known whether
humans make antibodies to these oligosaccharides, and no
information has been published regarding human antibody
responses to the desialylated antigen. We carried out a
preliminary study in which antibody levels were assessed in
an ELISA with type Ib polysaccharide desialylated with
Vibno cholerae neuraminidase (unpublished data). Significant antibody levels were detected in the sera from 28 adult
women. This result was not surprising, in view of the
observed mouse and rabbit responses. However, the fine
specificities of the human antibodies have not been explored,
and the extent to which they may cross-react with host
glycoconjugates has yet to be determined.
The milk oligosaccharides used in this study are components of a mixture of neutral and sialylated human milk
oligosaccharides whose biological functions are largely unknown. It seems likely that they do not serve a nutritional
function, since they are largely excreted in infants' urine (3).
One study found that nursing babies excreted 300 to 500 mg
of milk oligosaccharides per day and that their mothers
excreted 500 to 800 mg/day (3). The authors of this study also
found that the neutral oligosaccharide fraction inhibited the
adhesion of a pathogenic strain of Eschenchia coli to uroepithelial cells, suggesting a possible role for the oligosaccharides in preventing urinary tract infections in mothers and
infants. The sialylated milk oligosaccharides did not inhibit
the adhesion of E. coli in their model. It is not known,
however, whether sialylated milk oligosaccharides can inhibit the adhesion of GBS to uroepithelial cells.
This report has focused on the GBS type Ib polysaccharide, but the other three major type antigens of GBS are also
very similar to many normal human glycoconjugates, and
similar cross-reactions are likely to be found. The type Ia
repeating unit is virtually identical to the oligosaccharide of
the i blood group substance found on fetal erythrocytes and
on pulmonary epithelia (10, 17). We previously reported that
monoclonal antibodies to the GBS type II polysaccharide
were inhibited by components in human milk and saliva (8)
and showed that humans make antibodies to the two major
determinants of the type II polysaccharide (8). We also
noted that a monoclonal antibody to the desialylated form of
GBS type III bound to a population of human lymphocytes
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