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Monoclonal antibodies against Ureaplasma urealyticum serotype 4 were produced by immunizing BALB/c
mice with whole-cell antigens of the U. urealyticum serotype 4 reference strain. Ten monoclonal antibodies
differentiated into two groups were found: one group included five monoclonal antibodies recognizing a band
in immunoblotting that had a molecular mass of 81 kDa, and a second group included another five monoclonal
antibodies recognizing three bands in immunoblotting that had molecular masses of 81, 75, and 71 kDa. Fifteen
clinical U. urealyticum isolates were selected for serotyping with serotype 4-specific monoclonal antibodies and
polyclonal antisera 1 to 14. The results obtained with polyclonal and monoclonal antibodies suggest the
existence of heterogeneity of the serotype antigens among clinical isolates of U. urealyticum serotype 4.

Ureaplasma urealyticum is an organism frequently iso-
lated from the lower genital tract of men and women (1, 16).
The role of this microorganism in diseases of the genital tract
is difficult to establish because of its high isolation rate in
asymptomatic patients. However, in some instances it has
been shown that U. urealyticum can interfere with normal
fetal and neonatal development (1-4, 6, 7, 16, 19). Probably,
only a small number of all women colonized with U. ure-

alyticum will ultimately develop a severe ureaplasma infec-
tion. Therefore, it seems interesting to look for strains of U.
urealyticum that are more pathogenic than others, a charac-
teristic which could explain why only certain patients de-
velop an adverse effect from U. urealyticum colonization.
Serotyping is one of the methods that can be used to
differentiate the U. urealyticum strains. To date, 14 sero-
types of U. urealyticum arranged in two serogroups are
recognized (12, 15). In a previous serotyping study, using
polyclonal antibodies, serotype 4 was found more often
among patients with recurrent miscarriages, suggesting that
serotype 4 might be more pathogenic (10). However, sero-

typing of U. urealyticum with polyclonal antisera remains to
some extent a test which is difficult to interpret because of
the cross-reactions between different serotypes. This makes
it difficult to associate certain serotypes of U. urealyticum
with diseases. A more objective and standardized serotyping
method and a better understanding of the antigens of U.
urealyticum are needed (5, 9, 13, 15). Recently, serotype 3-,
8-, and 10-specific antigens have been identified by means of
monoclonal antibodies, and a monoclonal antibody distin-
guishing the two serogroups in immunoblotting has been
described (17, 20). More interestingly, both serotype-specific
and cross-reacting epitopes were found within one antigen,
which explains, to some extent, the cross-reactions among
serotypes. Monoclonal antibodies appear to be a good tool to
analyze membrane antigens of U. urealyticum. In the
present study, we produced monoclonal antibodies against
U. urealyticum serotype 4 and used them to serotype clinical
isolates of U. urealyticum.

* Corresponding author.

Reference strains of U. urealyticum serotypes 1 to 10 were
supplied by E. A. Freund (Institute of Medical Microbiol-
ogy, University of Aarhus, Aarhus, Denmark), and those of
serotypes 11 to 14 were supplied by J. A. Robertson (De-
partment of Medical Microbiology and Infectious Diseases,
University of Alberta, Edmonton, Canada).
Monoclonal antibodies were produced by injecting

BALB/c mice (4 to 6 weeks old; Charles River Wiga,
Sulzfeld, Germany) intraperitoneally every 2 weeks with 0.5
ml of antigen of the U. urealyticum serotype 4 reference
strain. Complete Freund adjuvant was added to the first
injection, and a total of six injections were given. The
humoral immune response of the mice was monitored by the
colony indirect immunofluorescence assay (colony-IFA).
When the antibody titer was more than 1/80, a final booster
dose of 0.2 ml of antigen was given through tail vein injection
3 days before fusion.

Spleen cells from immunized mice and nonsecreting P3-
X63-Ag 8.653 mouse myeloma cells were mixed in a 10:1
ratio, and cell fusion was initiated by the addition of 1 ml of
prewarmed (37°C) 50% polyethylene glycol (molecular
weight, 1,300 to 1,600; Sigma). Fused cells were washed
with serum-free RPMI 1640, resuspended in RPMI 1640
containing 15% fetal calf serum and supplemented with
hypoxanthine, thymidine, and aminopterin (GIBCO), and
added to 96-well plates. The hybridoma clones were

screened for the production of antibodies by colony-IFA, by
using the serotype 4 reference strain as the antigen. The
colony-IFA was performed as described previously (11) by
using sterile 24-well tissue culture plates filled with A7
ureaplasma differential agar medium (14).
Ten clones secreting monoclonal antibodies against U.

urealyticum were selected by colony-IFA by using the
serotype 4 reference strain as the antigen. A strong fluores-
cence on more than 90% of the colonies of U. urealyticum
was demonstrated by all 10 monoclonal antibodies. The
reactivity of these 10 monoclonal antibodies against U.
urealyticum serotypes 1 to 14 was first analyzed by colony-
IFA. No cross-reaction with any of the other 13 U. urealyti-
cum serotypes was found by this method, suggesting that the
10 monoclonal antibodies selected were serotype 4 specific.
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FIG. 1. Immoblot showing the reaction of monoclonal antibody
11A3 (immunoglobulin G2a; representative of group 1 monoclonal
antibodies). Lanes 1 to 14 are antigens of serotypes 1 to 14 of U.
urealyticum, respectively.
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FIG. 2. Immunoblot showing the reaction of monoclonal anti-
body 17D11 (immunoglobulin M; representative of group 2 mono-
clonal antibodies). Lanes 1 to 14 are antigens of serotypes 1 to 14 of
U. urealyticum, respectively.

The 10 monoclonal antibodies were further analyzed by
immunoblotting. This was performed as follows. The sam-
ples for sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) were prepared by heating the antigen
at 95°C for 4 min in sample buffer (2% SDS, 5% 2-mercap-
toethanol, 10% glycerol, 62.5 mM Tris [pH 6.8]). SDS-
PAGE was performed by the method of Laemmli (8) with a
10% separating gel and a 4% stacking gel. Antigen transfer
from gel to nitrocellulose sheets was carried out by the
method of Towbin et al. (18). The nitrocellulose sheets were
blocked by incubation with 3% bovine serum albumin (frac-
tion V; Sigma) in phosphate-buffered saline (PBS-BSA) at
room temperature for 2 h. Monoclonal antibodies (superna-
tant) were diluted 1/10 in PBS-BSA and added to the
nitrocellulose sheets. The sheets were incubated overnight
at room temperature. After being washed four times in PBS,
peroxidase-labeled goat anti-mouse polyvalent antibodies
(Sigma) diluted in PBS-BSA were added to the sheets and
allowed to incubate for 2 h at room temperature. The sheets
were developed with 4-chloro-1-naphthol substrate (horse-
radish peroxidase color development reagent; Bio-Rad).
Biotinylated SDS-PAGE standards (low-molecular-weight
range; Bio-Rad) were used for molecular mass determina-
tions of antigens.
Immunoblot analyses of the 10 monoclonal antibodies

showed two different patterns of reactivity. The first pattern
was found with five monoclonal antibodies reacting with a
single band that had a molecular mass of 81 kDa (group 1
monoclonal antibodies; Fig. 1). The second pattern was
found by another five monoclonal antibodies reacting with
three bands in the immunoblotting assay (group 2 mono-
clonal antibodies; Fig. 2). In addition to the 81-kDa band,
another two bands that had molecular masses of 75 and 71
kDa were recognized. To check if these two groups of
monoclonal antibodies recognized different epitopes, a com-
petitive binding test was performed with these two groups of
monoclonal antibodies and with type 4-specific polyclonal
antibody. Both groups of monoclonal antibodies were un-

able to inhibit competitively the binding of the other group
of monoclonal antibodies, whereas type 4 polyclonal anti-
serum inhibited the binding of both groups of monoclonal
antibodies in the immunoblot. These results suggest that

the two groups of monoclonal antibodies recognized differ-
ent epitopes.
The 10 monoclonal antibodies were shown to be serotype

4 specific in the immunoblotting assay as well as in the
colony-IFA. The high yield of serotype-specific monoclonal
antibodies seems surprising, especially since we used a
crude antigen mixture for immunization. However, this can
be explained by our screening method. In this study, the
colony-IFA was used for screening monoclonal antibody
production throughout the experiment. The clones were first
screened with the serotype 4 reference strain and subse-
quently checked for cross-reactivity. This indicates that
screening of the hybridomas with the colony-IFA would
allow good detection of serotype-specific monoclonal anti-
bodies.
To evaluate our type 4 monoclonal antibodies, 15 clinical

isolates were selected to be tested in a serotyping assay.
These clinical isolates were selected because of the serotyp-
ing results obtained with them in a previous assay when only
polyclonal antibodies were used (10). Some strains were
selected because they exhibited a strong reaction to serotype
4, and others were selected because of their strong reaction
to another serotype. One strain was selected because it
reacted with more than three polyclonal antisera and was
designated a multireacting strain.
The 15 clinical strains were tested in the colony-IFA

simultaneously with polyclonal antibodies 1 to 14 and with
four type 4-specific monoclonal antibodies. From group 1,
monoclonal antibodies 11A3 and 10D8 were selected; from
group 2, monoclonal antibodies 17D11 and 12D7 were se-
lected.
As shown in Table 1, monoclonal antibodies of group 1

reacted with five strains of the 15 clinical isolates, and the
monoclonal antibodies of group 2 also recognized 5 strains.
Only one strain (N5) reacted with both groups of monoclonal
antibodies. We considered the weak reactivity of group 1
monoclonal antibodies (a fluorescence that was not as strong
as the one observed with the reference strain) with two
clinical isolates as a positive reaction. The seven strains
reacting with polyclonal antiserum 4 were detected by at
least one of the four monoclonal antibodies. In addition, one
multireacting strain and two of seven strains which were not
defined as serotype 4 by polyclonal antibodies did show a
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TABLE 1. Analysis of 15 clinical isolates by serotype 4-specific monoclonal antibodies and polyclonal antibodies by colony-IFA

Reactions of clinical isolate'
Antibody-

B43 Vi1o G13 B64 N5 C30 P23c P26 E16 Ve6l A15 P28 G10 G12 L29

Group 1 MAbs
11A3 - - - - w + + + + - - - - - -

10D8 - - - - w + + + + w - - - - -

Group 2 MAbs
17D11 + + + + + - - - - - - - - - -
12D7 + + + + + - - - - - - - - - -

PAbs
Antiserum 4 + + + + + + w w w + - w w w w
Other antisera - - - - 10 8 w 10 10 10 10 3 3/6 6 3

a MAbs, monoclonal antibodies; PAbs, polyclonal antibodies.
+, positive reaction; w, weak reaction; -, negative reaction. The numbers indicate the reaction of the isolates with the respective antiserum.

c Multireactive strain.

reaction with some of our monoclonal antibodies. Two
strains showed a strong reaction with polyclonal antiserum
10 and only a weak reaction with polyclonal antiserum 4.
The strain which was considered by polyclonal antibodies to
be multireactive also showed strong fluorescence with group
1 monoclonal antibodies. It is interesting to note that not all
ureaplasma colonies of the clinical isolates reacted with the
monoclonal antibody. Whereas all of the colonies of the U.
urealyticum clinical isolates showed a strong fluorescence in
the colony-IFA when polyclonal antibodies were used, only
some of the clinical strains reacted with 100% of the colonies
when monoclonal antibodies were used.
Four clinical isolates (B43, V110, G13, and P23) were

subcloned by the procedure of Robertson and Stemke (12),
and their reactions in immunoblots with type 4-specific
monoclonal antibodies were examined. Strains B43, V110,
and G13 reacted only with group 2 monoclonal antibodies,
while P23 reacted only with group 1 monoclonal antibodies
(Fig. 3). The clinical isolates showed immunoblot patterns
different from that of the reference strain, and none of the
clinical isolates showed a pattern similar to those of the other
clinical isolates. This indicates the high variation rate of
antigens between clinical U. urealyticum strains as de-
scribed by Watson et al. (20).
Repeated testing of the clinical isolates in the colony-IFA,

by using monoclonal antibodies, over a period of several
weeks always gave identical results. This is very important
since we found previously that repeated testing of some
strains by polyclonal antibodies was sometimes associated
with the disappearance of a positive reaction when more
than one specificity was found or by a shift from a negative
to a positive reaction (10, 15). A comparison of polyclonal
and monoclonal antibody results shows that serotyping with
monoclonal antibodies is reproducible and that monoclonal
antibodies might be promising tools for future serotyping
studies.
However, serotype 4 clinical isolates do not appear to

react with the two groups of monoclonal antibodies pro-
duced in our laboratory. While the serotype 4 reference
strain reacted with both groups of monoclonal antibodies,
clinical isolates most often reacted with only one group of
monoclonal antibodies, and the reason for this is not yet
clear. Apparently, it is not due to cross-reactivity of the
monoclonal antibodies. Cross-reactivity was evaluated with
two different methods (immunoblotting and colony-IFA) and
could not be established. It is also not due to the method of
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FIG. 3. (a) Immunoblots showing the reactions of selected clin-
ical isolates with monoclonal antibody 17D11 (group 2 monoclonal
antibody). (b) Immunoblots showing the reactions of selected clin-
ical isolates with monoclonal antibody 10D8 (group 1 monoclonal
antibody). Antigens from left to right are type 4 reference strain and
clinical isolates B43, V110, G13, and P23. The approximate molec-
ular masses of the antigens are as follows: B43, 68 kDa; V110, 59
kDa; G13, 78 kDa; P23, 55 kDa.
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serotyping. Indeed, when the clinical isolates were sero-

typed by the immunoblotting technique, results similar to
those of the colony-IFA were found: isolates reacting with
only group 1 monoclonal antibodies in the colony-IFA also
reacted with only group 1 monoclonal antibodies in immu-
noblotting, and vice versa. A different body site or patient
population also was not responsible for this reaction pattern:
strains reacting with either of the two groups of monoclonal
antibodies were recovered from subjects with normal preg-
nancies as well as from subjects with pathological pregnan-
cies and were isolated from the lower genital tract as well as
from the higher genital tract. The serotype 4-specific anti-
gens, which are found in the reference strain, are probably
only partially expressed on the surface of the clinical iso-
lates.

In conclusion, serotype 4-specific monoclonal antibodies
were produced and used to characterize the antigens respon-

sible for serotype specificity. Two different types of mono-
clonal antibodies were found: monoclonal antibodies recog-
nizing a band having a molecular mass of 81 kDa or
monoclonal antibodies recognizing three different bands
having molecular masses of 81, 75, and 71 kDa. These
monoclonal antibodies were found to be serotype 4 specific
by two different methods, immunoblotting and colony-IFA,
and competitive binding showed that they recognized differ-
ent epitopes. The possibility that there exist more serotype-
specific epitopes than the two we described in this report is
not excluded. The possibility of the existence of a mosaic of
serotype-specific epitopes, which defines the serotype of U.
urealyticum, must be taken into consideration. This is sug-

gested by the high variation rate of serotype-specific anti-
gens among clinical isolates. This high variation rate has as
a consequence that clinical isolates will probably not fall
cleanly into any of the 14 recognized serotypes of U.
urealyticum because they can express a variable combina-
tion of these epitopes. More studies on the variation rate of
serotype-specific antigens in clinical U. urealyticum strains
should be performed.
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