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Immunoglobulin M (IgM) and IgG1 monoclonal antibody isotype switch variants to Cryptococcus neoformans
capsular polysaccharide were used to study the sensitivity of a double sandwich enzyme-linked immunosorbent
assay (ELISA). The most sensitive ELISA configurations used IgG1 monoclonal antibody absorbed on poly-
styrene plates or IgM immobilized with goat antisera for antigen capture.

Cryptococcus neoformans infections are usually accompanied
by the presence of capsular polysaccharide in body tissues (1,
10). The main component of C. neoformans capsular polysac-
charide is glucuronoxylomannan (GXM) (6). Detection of cap-

sular polysaccharide is useful for the diagnosis of cryptococcal
infection (1, 10). Currently, most clinical laboratories use latex
agglutination assays. However, occasional reports of negative
latex agglutination assays for fluids positive for C. neoformans

FIG. 1. Binding of MAbs 2D10m and 2D10g1 to GXM absorbed on polystyrene. The ELISA was done as previously described (2). Plates were made by incubating
50 ml of 2-mg/ml GXM in PBS in each well overnight as previously described (3). Points are the averages of four measurements. The ELISA configuration is
diagrammed. AP-GAM-k, alkaline phosphatase-labelled GAM k-specific antisera.
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by culture suggest the need for improved antigen detection assays
(7). Several enzyme-linked immunosorbent assays (ELISAs)
for the detection of cryptococcal antigen, some of which are
more sensitive than latex agglutination assays, have been de-
scribed elsewhere (2, 14, 16). Polysaccharides for some C.
neoformans strains bind poorly to polystyrene plates; this has
resulted in the use of polylysine (15), protein adipic acid dihy-
drazide derivatives (4), and antibody capture to immobilize
polysaccharide (2, 14, 16). Recently, a detection system which
is based on a two-site noncompetitive ELISA and utilizes poly-
clonal sera for antigen capture and a GXM binding monoclo-
nal antibody (MAb) for antigen detection (9) has been intro-
duced into clinical practice.
To study the contribution of isotype (and avidity) to the

sensitivities of sandwich ELISAs, we used an immunoglobulin
G1 (IgG1) isotype switch variant of murine IgM MAb 2D10
(13). IgM MAb 2D10 (2D10m) was isolated from a BALB/c
mouse immunized with a GXM-tetanus toxoid vaccine and is

remarkable for having the highest apparent affinity in our MAb
set (11). IgG1 MAb 2D10 (2D10g1) is an isotype switch variant
of MAb 2D10 which was isolated by sib selection as modified
by the ELISA spot technique (13). MAbs 2D10m and 2D10g1
have the same specificity but differ in isotype (13).
Ascites fluid containing MAb was obtained by paracentesis

from BALB/c mice with hybridoma cells injected into the peri-
toneal cavity. MAb 2D10g1 was purified by protein G affinity
chromatography (Pierce, Rockfield, Ill.). MAb 2D10m was pu-
rified by mannan affinity chromatography (Pierce). Cetyltri-
methylammonium bromide precipitation was used to isolate
GXM from culture supernatant of strain ATCC 24067 (Amer-
ican Type Culture Collection, Rockville, Md.) (5). GXM from
strain 24067 binds well to polystyrene plates (2). GXM ELISAs
used MAbs of different isotypes to capture and detect GXM
and were performed as previously described (2, 3). For GXM
capture, isotype variants were either absorbed directly on poly-
styrene or themselves captured with goat anti-mouse immuno-

FIG. 2. GXM detection by MAb sandwich ELISAs. (A) Binding curves from capture ELISAs in which polystyrene MAbs were used to capture and immobilize
GXM. Capture antibody was incubated with polystyrene plates at a concentration of 2 mg/ml in PBS. (B) Binding curves from capture ELISAs in which the capture
antibodies were themselves captured with GAM isotype-specific sera (0.2 mg/ml). In both types of ELISAs, GXM was detected by a 2D10 MAb of different isotype
followed by the addition of alkaline phosphatase (AP)-labelled GAM isotype-specific antibody and p-nitrophenyl phosphate substrate. Points are the averages of four
measurements, and brackets denote standard deviations. The MAb sandwich configuration for each type of assay is diagrammed.
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globulin (GAM) isotype-specific sera (Fisher Scientific,Orange-
burg, N.Y.) (2). All assays were done on Corning polystyrene
ELISA plates (Corning Glass Works, Corning, N.Y.) coated
with antibody solutions in 0.02 M phosphate-buffered saline
(PBS), pH 7.2. Blocking for nonspecific binding was done with
1% bovine serum albumin in PBS. Incubations were for at least
1.5 h at 378C. Mouse MAb detection was done with alkaline
phosphatase-labelled GAM isotype-specific reagents (Fisher
Scientific). A405 was measured in a Ceres 900 reader (Bio-Tek
Instruments, Inc., Winooski, Vt.).
MAb 2D10g1 has a lower affinity for polystyrene-bound

GXM than does 2D10m (Fig. 1), presumably as a result of a
loss of avidity on switching from a decavalent IgM to a divalent
IgG. This is a common finding when IgM MAbs are switched
to IgG isotypes, and similar results have been noted for mouse-
human IgG1 chimeric antibody constructs of MAb 2D10m
(17). To determine the most sensitive MAb 2D10 isotype con-
figuration, IgM and IgG1 isotype variants were studied in cap-
ture and detection modes. When MAbs 2D10m and 2D10g1
were added directly to polystyrene plates for GXM capture,
IgG1 was more sensitive than IgM (Fig. 2A). The finding that
capture by polystyrene-absorbed 2D10m was less sensitive than
capture by polystyrene-absorbed 2D10g1 was surprising, given
the higher avidity of 2D10m. To investigate whether differences
in isotype binding to polystyrene were responsible for the de-
creased sensitivity of IgM, plates were incubated with various
concentrations of 2D10m and 2D10g1, and MAb bound to
polystyrene was detected with alkaline phosphatase-labelled
k-specific GAM (Fig. 3). Binding curves show that less 2D10m
than 2D10g1 was bound to polystyrene. The decreased binding

of the IgM isotype to polystyrene provides an explanation for
the lower sensitivity of 2D10m in the capture mode. However,
in ELISAs in which the capture MAb was itself captured by
GAM isotype-specific sera, the combination of capture with
2D10m and detection with 2D10g1 was more sensitive for the
detection of GXM (Fig. 2B).
MAbs 2D10m and 2D10g1 can modify the course of C.

neoformans infection in mice (12, 13). Since 2D10m and
2D10g1 have the same specificity, the finding that this pair can
be used for capture and detection of GXM implies that GXM
has at least two epitopes that are accessible to this MAb spec-
ificity. The occurrence of multiple identical epitopes in GXM
is not surprising, since its structure has been proposed to be a
repeating substituted mannose subunit (6). Nevertheless, this
observation shows that GXM molecules are polyvalent for at
least one epitope.
In summary, the sensitivities of GXM capture ELISAs with

IgM and IgG1 MAb switch variants are dependent on the
isotype configuration of the antibody sandwich. For 2D10g1,
absorption in polystyrene resulted in a more sensitive ELISA
than capture by GAM-IgG1. For 2D10m, capture by GAM-
IgM resulted in a more sensitive ELISA than absorption to
polystyrene. Differences in isotype binding to polystyrene
probably account for the differences in ELISA sensitivity. The
type of ELISA described here has been shown to be useful for
the measurement of GXM in mice infected with C. neoformans
(13) and in serum samples from patients with cryptococcosis
(8). Isotype configuration appears to be an important consid-
eration in the design of antibody capture ELISAs for C. neo-
formans GXM.

FIG. 3. Absorption of MAbs 2D10m and 2D10g1 to polystyrene. The binding of MAbs 2D10m and 2D10g1 was detected by absorbance after incubation with GAM
k-specific antisera (0.2 mg/ml) followed by incubation with p-nitrophenyl phosphate substrate. The MAb sandwich configuration for each type of assay is diagrammed.
Points are the averages of four measurements. AP, alkaline phosphatase.

VOL. 33, 1995 NOTES 767



S.M. was supported by NIH training grant 5T32 CAO9173-17. A.C.
was supported by a James S. McDonnell Scholar Award and NIH
grants AI33774 and AI13342.

REFERENCES

1. Bloomfield, N., M. A. Gordon, and D. F. Elmendorf, Jr. 1963. Detection of
Cryptococcus neoformans antigen in body fluids by latex particle agglutina-
tion. Proc. Soc. Exp. Biol. Med. 114:64–67.

2. Casadevall, A., J. Mukherjee, and M. D. Scharff. 1992. Monoclonal antibody
ELISAs for cryptococcal polysaccharide. J. Immunol. Methods 154:27–35.

3. Casadevall, A., and M. D. Scharff. 1991. The mouse antibody response to
infection with Cryptococcus neoformans: VH and VL usage in polysaccharide
binding antibodies. J. Exp. Med. 174:151–160.

4. Cherniak, R., M. M. Cheeseman, G. Reyes, E. Reiss, and F. Todaro. 1988.
Enhanced binding of capsular polysaccharides of Cryptococcus neoformans to
polystyrene microtitration plates for enzyme-linked immunosorbent assay.
Diagn. Clin. Immunol. 5:344–348.

5. Cherniak, R., E. Reiss, and S. Turner. 1982. A galactoxylomannan antigen of
Cryptococcus neoformans serotype A. Carbohydr. Res. 103:239–250.

6. Cherniak, R., and J. B. Sundstrom. 1994. Polysaccharide antigens of the
capsule of Cryptococcus neoformans. Infect. Immun. 62:1507–1512.

7. Currie, B. P., L. F. Freundlich, M. A. Soto, and A. Casadevall. 1993. False-
negative cerebrospinal fluid cryptococcal latex agglutination tests for pa-
tients with culture-positive cryptococcal meningitis. J. Clin. Microbiol. 31:
2519–2522.

8. DeShaw, M., and L. Pirofski. Antibodies to the Cryptococcus neoformans
capsular glucuronoxylomannan are ubiquitous in serum from HIV positive
and HIV negative individuals. J. Clin. Exp. Immunol, in press.

9. Gade, W., S. W. Hinnefeld, L. S. Babcock, P. Gilligan, W. Kelly, K. Wait, D.

Greer, M. Pinilla, and R. L. Kaplan. 1991. Comparison of the PREMIER
cryptococcal antigen enzyme immunoassay and the latex agglutination assay
for detection of cryptococcal antigens. J. Clin. Microbiol. 29:1616–1619.

10. Goodman, J. S., L. Kaufman, and G. Koenig. 1971. Diagnosis of cryptococcal
meningitis. N. Engl. J. Med. 285:434–436.

11. Mukherjee, J., A. Casadevall, and M. D. Scharff. 1993. Molecular charac-
terization of the antibody responses to Cryptococcus neoformans infection
and glucuronoxylomannan-tetanus toxoid conjugate immunization. J. Exp.
Med. 177:1105–1106.

12. Mukherjee, J., M. D. Scharff, and A. Casadevall. 1992. Protective murine
monoclonal antibodies to Cryptococcus neoformans. Infect. Immun. 60:4534–
4541.

13. Mukherjee, S., S. Lee, J. Mukherjee, M. D. Scharff, and A. Casadevall. 1994.
Monoclonal antibodies to Cryptococcus neoformans capsular polysaccharide
modify the course of intravenous infection in mice. Infect. Immun. 62:1079–
1088.

14. Scott, E. N., H. G. Muchmore, and F. G. Felton. 1980. Comparison of enzyme
immunoassay and latex agglutination methods for detection of Cryptococcus
neoformans antigen. Am. J. Clin. Pathol. 73:790–794.

15. Spiropulu, C., R. A. Eppard, E. Otteson, and T. R. Kozel. 1989. Antigenic
variation within serotypes of Cryptococcus neoformans detected by monoclo-
nal antibodies specific for the capsular polysaccharide. Infect. Immun. 57:
3240–3242.

16. Todaro-Luck, F., E. Reiss, R. Cherniak, and L. Kaufman. 1989. Character-
ization of Cryptococcus neoformans capsular glucuronoxylomannan polysac-
charide with monoclonal antibodies. Infect. Immun. 57:3882–3887.

17. Zebedee, S. L., R. K. Koduri, J. Mukherjee, S. Mukherjee, S. Lee, D. F.
Sauer, M. D. Scharff, and A. Casadevall. 1994. Mouse-human immunoglob-
ulin G1 chimeric antibodies with activities against Cryptococcus neoformans.
Antimicrob. Agents Chemother. 38:1507–1514.

768 NOTES J. CLIN. MICROBIOL.


