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Heat-treated cells of Rhizobium leguminosarum biovar trifolii strain 162X95 were used to produce
monoclonal antibodies (MAbs). The fusion produced three cross-reactive MAbs and eight MAbs specific for the
immunizing strain and a group of five other R. trifolii strains from the same geographic region where 162X95
was isolated (California). Seven MAbs were analyzed by competitive enzyme-linked immunosorbent assay to
determine the number of different epitopes detectable on strain 162X95. The results indicated that six MAbs
reacted with the same or overlapping epitopes, and the seventh MAb gave inconclusive results.

Monoclonal antibodies (MAbs) are used, or are projected
for use, for identification of bacteria (4, 9, 11, 22). Ecological
studies of bacteria, such as rhizobia, depend upon identifi-
cation of strains which are exposed to harsh conditions in
mixed cultures in soils and have undergone physiological
changes in nodules. Discrete antigenic sites recognized by an
antibody (13) might be altered under such conditions and
render an MAb against a single determinant an ineffective
probe. It is suggested, therefore, that several MAbs be
mixed or used in sequence to produce a defined polyclonal
antiserum for identification of a bacterial strain (4).

Antibodies against 0 antigen lipopolysaccharide (LPS) are
generally the most strain- or serogroup-specific antibodies
obtainable (3, 7, 15). Typical analysis of the reactive site
(epitope) of an MAb is done by using Western immunoblot
analysis (2) and by detection of competition between pairs of
antibodies for an epitope (1, 5, 11, 18). Western immunoblot
analysis determines the position of the antigen as a band on
an electrophoretic profile and provides qualitative informa-
tion for comparison of reactive sites of antibodies. Because
LPS may elicit antibodies to different determinants, more
specific analysis is required to determine whether MAbs
react with the same epitope. The most commonly used
procedures for epitope analysis are competitive enzyme-
linked immunosorbent assay (ELISA) or competitive radio-
immunoassay (17, 18), which indicate whether an unlabeled
MAb inhibits binding of a labeled (detectable) MAb. The
objective of this study was to determine whether a compet-
itive ELISA could be used to characterize MAbs for use in
a defined polyclonal antiserum.
Rhizobium trifolii 162X95 (Nitragin Co., Milwaukee, Wis.)

was grown to the late log phase in defined mannitol broth
(14), centrifuged at 25,000 x g, and washed three times in
physiological saline. Cells were steamed for 30 min, centri-
fuged, and suspended in physiological saline. Two female
BALB/c mice were injected with cell suspensions (0.5 ml
intraperitoneally) on day 0 (optical density at 450 nm
[OD450], 0.283), day 12 (OD450, 0.539), and day 37 (OD450,
0.539). Spleen cells were harvested 3 days after the last
injection and fused with myeloma cell line P3-NS1/1-Ag4-1
by the procedure of Oi and Herzenberg (16). At 10 to 15 days
postfusion, supernatants were tested by ELISA for antibod-
ies to whole cells (22). Cell lines that tested positive were
screened for cross-reactivity to a strain of R. trifolii (WV22)
isolated from a different geographic region and having a

different electrophoretic profile (22). Cell lines that produced
antibodies reactive only with the immunizing strain were
cloned. Tissue culture supernatants from cloned cell lines
were tested against a panel of antigens (22).
The fusion produced 150 hybridomas. Three cell lines

produced MAbs which were cross-reactive with WV22, and
eight MAbs were specific for the six strains of R. trifolii
previously reported to have a common antigen: 162X95,
162X84, 162X68, 162X47, and 162X92 (22). Six cell lines (C5,
C9, D7, E6, E8, and G9) survived all stages of cloning,
freezing, and regrowth and were used along with one MAb
(E10) from a previous fusion (22) for epitope analysis.
The first step in epitope analysis of the seven MAbs was

Western immunoblot analysis as previously described (2,
22). A cell lysate of strain 162X95 was subjected to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (10 to
20% T), and profiles were transferred to nitrocellulose mem-
brane. An ELISA was performed to detect the antigen on the
nitrocellulose. Profiles electrophoresed simultaneously with
those used for Western blots were subjected to silver stain-
ing to reveal LPS bands (8).

Results of electrophoresis and Western immunoblot anal-
ysis are presented in Fig. 1. Antibody C5 reacted with the
slower-migrating band (Fig. 1C), which was also stained by
the LPS silver stain (Fig. 1B). All MAbs except the controls
reacted with the slower-migrating band and were, therefore,
presumed to react with the 0 antigen of LPS (data not
shown).
The second stage of epitope analysis was by competition

between unlabeled and biotinylated MAbs as described by
Shively et al. (17). The seven MAbs were produced in tissue
culture supernatant and were concentrated by ammonium
sulfate precipitation (6). Concentrated antibodies were
stored at -20°C in 0.1 M HEPES (N-2-hydroxyethylpipera-
zine-N'-2-ethanesulfonic acid) buffer, pH 8.0. Biotinylation
of MAbs was by the method of Updyke and Nicholson (20).
Avidin-phosphatase (Sigma Chemical Co., St. Louis, Mo.)
was used as the enzyme-linked probe, and the substrate was
para-nitrophenylphosphate (Sigma) dissolved in diethanol-
amine buffer (19). The antigen was LPS obtained by phenol-
water extraction (21). Briefly, 100 ml of a late-log-phase
culture was centrifuged, suspended in 3.5 ml of water, and
extracted with 3.5 ml of phenol at 65°C. The emulsion was
centrifuged, and the water layer was removed. The residue
was extracted again in the same manner. Water extracts
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FIG. 1. Electrophoretic profiles and Western immunoblot of a

cell extract of R. trifolii 162X95. Lanes: A, protein profile stained
with Coomassie blue; B, profile A stained with silver stain for LPS;
C, Western blot of profiles A reacted with MAb C5. Molecular mass

indicators, from the top, are 66, 45, 36, 29, 24, 20, and 14.2
kilodaltons.

were combined and dialyzed for 3 to 4 days against distilled
water. The LPS was diluted 1:125 in 0.02 M MgCl2 (10) and
attached to 96-well polyvinylchloride microtiter plates (50 ,ul
per well) by incubation overnight at 37°C with the plates
covered. Unlabeled MAbs, beginning with 50 ,ul of 1 mg/ml
in HEPES (1.0 M, pH 8.0), were serially diluted to 1:512 in
HEPES, and 50 ,ul of the biotinylated antibody (diluted in
HEPES to give an ELISA OD405 reading of 0.7 to 1.5) was

added. Twenty microliters of 0.1 M MgCl2 was added to
each well, and the plates were placed on a rotating shaker at
100 rpm for 2 h. The ELISA was performed as previously
described (22), except that Tris-buffered saline (20 mM Tris,
250 mM NaCl, pH 7.4) in 0.02 M MgCl2 was used to dilute all
reagents and was used as the washing solution with the
addition of 0.2 ml of Tween 20 per liter. Incubation with
avidin-phosphatase and color development incubation were
for 1 h each. Absorbance was read at 405 nm. Controls for
the competition experiment were an MAb which was cross-
reactive against many other rhizobia (2FE11) and an MAb
which was not reactive against rhizobia (32DB10). The
results shown are means of duplicate tests.

Competitive ELISA results are shown in Table 1. Absor-
bance readings for the lowest dilution of unlabeled antibody
in competition with the biotinylated antibody are presented
to illustrate these results. The dilution curves of these
experiments were similar to those reported by Shively et al.
(17) for competition studies using biotinylated MAbs. Lack
of reciprocal inhibition of biotinylated MAbs by unlabeled
MAbs is shown by comparing the absorbance readings of
pairs of antibodies. For example, biotinylated E6 (B-E6) was
not prevented from binding to the epitope by E10 (A405,
1.07), but E6 inhibited binding of B-E1O (A405, 0.01). Also,
C9 only partially inhibited binding of B-E6 (A405, 0.55), but
E6 completely inhibited binding of B-C9 (A405, 0.01). MAb
E8 gave results which were difficult to interpret and is
discussed below. The controls, 2FE11 and 32DB10, did not
prevent the biotinylated MAbs from binding.

Nonreciprocal inhibition of paired MAbs shown in Table 1
may be due to steric hindrance, which interferes with the
specificity of the competition test in the case of polymeric

TABLE 1. Competition ELISA with MAbs to the 0 antigen
of R. trifolii 162X95

A405 with the following MAb 2 (biotinylated)a:
MAb 1

C5 C9 D7 E6 E8 E10 G9

C5 0.02 0.01 0.03 0.21 0.00 0.01 0.00
C9 0.15 0.06 0.42 0.55 0.00 0.04 0.00
D7 0.05 0.01 0.00 0.03 0.00 0.04 0.00
E6 0.04 0.01 0.00 0.03 0.00 0.01 0.00
E8 0.66 0.37 0.58 0.99 0.38 1.02 0.28
E10 0.29 0.32 0.72 1.07 0.11 0.11 0.09
G9 0.14 0.06 0.23 0.57 0.00 0.06 0.01
2FE1lb 0.84 0.79 0.83 1.11 0.33 1.03 0.46
32DB1Ob 0.83 0.88 0.88 1.15 0.30 0.96 0.43

a The A405s of the substrate reacted with avidin phosphatase are shown.
b Unlabeled antibody which was not reactive with the 0 antigen.

antigen formed of repeating epitopes (11). Steric hindrance is
a factor (11, 12) in nonreciprocal or partial inhibition of
binding between two MAbs which react with distinct
polysaccharide epitopes as determined by different reactions
with two strains of the target bacterium. For the seven MAbs
to strain 162X95, there were no differential reactions with
the panel of organisms tested. That is, all seven MAbs
reacted with the same six Rhizobium isolates (22), providing
no evidence that nonreciprocal binding was due to a factor
other than overlap of epitopes.

Biotinylated E8 was prevented from binding by all MAbs
except the controls and the homologous antibody. Lack of
inhibition of the biotinylated antibody by its homologous
antibody is not consistent with expected results from a
competitive ELISA. Therefore, further investigation of the
reactions of E8 was necessary. For the competitive ELISA,
all MAbs were adjusted to a concentration of 1 mg/ml and
serial dilutions were made. The concentration of immuno-
globulin G (IgG) used in these experiments was based upon
the total IgG present in the concentrate from culture super-
natant which contained fetal bovine serum (i.e., bovine
immunoglobulins) in addition to mouse IgG. Therefore, 1 mg
of IgG of E8 per ml may have been weak in the MAb.
However, increasing the concentration of unlabeled E8 to 2
or 3 mg/ml did not prevent binding of the biotinylated MAb
(data not shown).
As an indication of the relative affinity of E8 for its

antigen, ELISA readings were ranked by IgG subclass. The
IgG subclass of MAbs was determined by the double-
diffusion method on microslides (6). The relative affinities of
MAbs were determined by the peroxidase ELISA reaction
of an excess of antibody reacting with whole cells of strain
162X95 (OD450, 0.010). Hybridomas were allowed to over-
grow in growth medium, and the supernatant was reacted
undiluted and at a 1:2 dilution in eight replicate ELISA
wells. No different between absorbance readings (OD414) of
the ELISA for undiluted and diluted supematant indicated
that the antibody was in excess, and MAbs were ranked by
mean absorbance readings in each subclass. Subclasses of
MAbs were as follows: C5 and G9 were IgGl, and D7, E6,
C9, E8, and E10 were IgG3. The relative affinity ranking of
IgGl antibodies was C5>G9 (OD414s of 1.21 and 1.02,
respectively), and that of IgG3 antibodies was D7>E6>
B10>C9>E8 (OD414s of 1.05 to 0.66). Affinities were com-
pared within subclasses because of the possibility of differ-
ences in subclass reactions with the enzyme-conjugated
anti-mouse IgG probe. Antibody E8 was the weakest one in
subclass IgG3, and this is possibly why unlabeled E8 did not
inhibit binding of the biotinylated antibodies and gave a low
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absorbance reading of the biotinylated antibody, even in the
presence of control MAbs (Table 1). These results are
inconsistent with the placement ofMAb E8 in the same group
with the other six MAbs which apparently detect the same or
overlapping epitopes or with consideration of MAb E8 as an
antibody which recognizes a separate epitope.
These results indicated that there will be difficulty in

establishing by standard procedures that MAbs to the 0
antigen of at least some strains of R. trifolii react with
different epitopes. Carlin and Lindberg (3) used structurally
well-defined LPS from different serotypes to select and
characterize MAbs to the 0 antigens of Shigellaflexneri and
S. sonnei. They stated that selection and characterization of
MAbs would have been next to impossible without access to
the structurally defined LPS. While they were able to
establish specificity for many of the clones, they were still
unable to give an exact definition of an MAb in terms of its
combining-site specificity.

Rabbit polyclonal antiserum has been recommended as a
better probe than a single MAb for tracing bacteria in
environmental samples because of diversity of epitope rec-
ognition. The inability to isolate individual antibodies from
rabbit antiserum makes it impossible to determine whether
there are differences in animal responses to LPS which allow
rabbits to produce antibodies to distinctly different epitopes
on LPS, and highly specific rabbit polyclonal antiserum may
or may not recognize distinctly different epitopes. While the
MAbs to the 0 antigen of R. trifolii 162X95 have been shown
to be specific for six strains of R. trifolii from California, the
results presented here also make it difficult to recommend a
combination of MAbs to use in a defined polyclonal antise-
rum to detect this group of organisms.
The work presented here showed that MAbs to the 0

antigen of an R. trifolii strain were easily obtained by
injecting BALB/c mice with heat-treated cells. However, the
antibodies may react with the same or overlapping epitopes
on the LPS. Further work using an organism mutated to
express structurally different LPS and a series of MAbs
which show differential reactions to these organisms may
make epitope mapping of LPS possible. This will provide
information for a practical approach to the use of MAbs
against LPS for identification of environmental microorgan-
isms.

LITERATURE CITED

1. Alsenz, J., and M. Loos. 1988. A rapid and simple ELISA for the
determination of duplicate monoclonal antibodies during
epitope analysis of antigens and its application to the study of
C1-INH. J. Immunol. Methods 109:75-84.

2. Burnette, W. N. 1981. "Western blotting:" electrophoretic
transfer of proteins from sodium dodecyl sulfate-polyacry-
lamide gels to unmodified nitrocellulose and radiographic detec-
tion with antibody and radioiodinated protein A. Anal. Bio-
chem. 112:195-203.

3. Carlin, N. I. A., and A. A. Lindberg. 1985. Monoclonal antibod-
ies specific for the 0-antigen of Shigella flexneri and Shigella
sonnei: immunochemical characterization and clinical useful-
ness, p. 137-163. In A. J. L. Macario and E. Conway de
Macario (ed.), Monoclonal antibodies against bacteria, vol. I.
Academic Press, Inc., New York.

4. Conway de Macario, E., and A. J. L. Macario. 1983. Monoclonal
antibodies for bacterial identification and taxonomy. ASM

News 49:1-7.
5. Friguet, B., L. Djavadi-Ohaniance, J. Pages, A. Bussard, and M.

Goldberg. 1983. A convenient enzyme-linked immunosorbent
assay for testing whether monoclonal antibodies recognize the
same antigenic site. Application to hybridomas specific for the
B2-subunit ofEscherichia coli tryptophan synthase. J. Immunol.
Methods 60:351-358.

6. Goding, J. W. 1986. Monoclonal antibodies: principles and
practice, 2nd ed., p. 105-109. Academic Press, Inc., New York.

7. Hancock, R. E. W., A. A. Wieczorek, L. M. Mutharia, and K.
Poole. 1982. Monoclonal antibodies against Pseudomonas
aeruginosa outer membrane antigens: isolation and characteri-
zation. Infect. Immun. 37:166-171.

8. Hitchcock, P. J., and T. M. Brown. 1983. Morphological heter-
ogeneity among Salmonella lipopolysaccharide chemotypes in
silver-stained polyacrylamide gels. J. Bacteriol. 154:269-277.

9. Holme, T., and B. Gustaffson. 1985. Monoclonal antibodies
against group- and type-specific antigens of Vibrio cholerae 0: 1,
p. 167-189. In A. J. L. Macario and E. Conway de Macario
(ed.), Monoclonal antibodies against bacteria, vol. I. Academic
Press, Inc., New York.

10. Ito, J. I., Jr., A. C. Wunderlich, J. Lyons, C. E. Davis, D. G.
Guiney, and A. I. Braude. 1980. Role of magnesium in the
enzyme-linked immunosorbent assay for lipopolysaccharides of
rough Escherichia coli strain J5 and Neisseria gonorrhoeae. J.
Infect. Dis. 142:532-537.

11. Ivanyi, J., J. A. Morris, and M. Keen. 1985. Studies with
monoclonal antibodies to mycobacteria, p. 59-90. In A. J. L.
Macario and E. Conway de Macario (ed.), Monoclonal antibod-
ies against bacteria, vol I. Academic Press, Inc., New York.

12. Ivanyi, J., S. Sinha, R. Aston, D. Cussell, M. Keen, and U.
Sengupta. 1983. Definition of species specific and cross-reactive
antigenic determinants of Mycobacterium leprae using mono-
clonal antibodies. Clin. Exp. Immunol. 52:528-536.

13. Kabat, E. A. 1966. The nature of an antigenic determinant. J.
Immunol. 97:1-11.

14. Keyser, H. H., and D. N. Munns. 1979. Tolerance of rhizobia to
acidity, aluminum, and phosphate. Soil Sci. Soc. Am. J. 43:
519-523.

15. Luk, J. M. C., K. H. Chan, R. S. W. Tsang, and M. H. Ng. 1988.
Characterization and application of a murine monoclonal anti-
body specific for the serogroup C2 Salmonella. J. Med. Micro-
biol. 26:115-119.

16. Oi, V. T., and L. A. Herzenberg. 1980. Immunoglobulin-pro-
ducing hybrid cell lines, p. 351-372. In B. B. Mishell and S. M.
Shiigi (ed.), Selected methods in cellular immunology. W. H.
Freeman & Co., San Francisco.

17. Shively, J. E., C. Wagener, and B. R. Clark. 1986. Solution-
phase RIA and solid-phase EIA using avidin-biotin systems for
analysis of monoclonal antibody epitopes and affinity constants.
Methods Enzymol. 121:459-472.

18. Stahli, C., V. Miggiano, J. Stocker, T. Staehelin, P. Hairing, and
B. Takacs. 1983. Distinction of epitopes by monoclonal antibod-
ies. Methods Enzymol. 92:242-253.

19. Tijssen, P. 1985. Practice and theory of enzyme immunoassays,
p. 366-367. In R. H. Burdon and P. H. van Knippenberg (ed.),
Laboratory techniques in biochemistry and molecular biology,
vol. 15. Elsevier Science Publishing, Inc., New York.

20. Updyke, T. V., and G. L. Nicholson. 1986. Immunoaffinity
isolation of membrane antigens with biotinylated monoclonal
antibodies and streptavidin-agarose. Methods Enzymol. 121:
717-725.

21. Westphal, O., and K. Jann. 1965. Bacterial lipopolysaccharides,
p. 83-91. In R. L. Whistler (ed.), Methods in carbohydrate
chemistry. Academic Press, Inc., New York.

22. Wright, S. F., J. G. Foster, and 0. L. Bennett. 1986. Production
and use of monoclonal antibodies for identification of strains of
Rhizobium trifolii. Appl. Environ. Microbiol. 52:119-123.

2264 NOTES


