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The competitive binding specificities of glucuronoxylomannan (GXM) and its derivatives to factor sera of
Cryptococcus neoformans were studied by enzyme-linked immunosorbent assay. An effort was made to determine
the epitope specificity of each factor serum. Despite the presence of antigenic factor 1 on all serotypes of C.
neoformans, variations in inhibition ability were observed with different native GXMs. The panspecific com-
ponent of factor serum 1 (antibody 1) appeared to be due to the presence of more than one antibody component.
The activity was dependent on the 6-0O-acetyl substituent. GXMs of serotypes A and D inhibited factor serum
2 equally well, indicating a low titer for the antibody 7 component. Serotype B GXM was a poor inhibitor, and
serotype C GXM did not inhibit factor serum 2. The activity of factor serum 2 was 6-0-acetyl dependent. GXMs
from typical serotype A and serotype D isolates were excellent inhibitors of factor serum 3. GXMs from
serotype B were poorly inhibitory and serotype C did not inhibit factor serum 3. The activity of factor serum
3 was 6-O-acetyl dependent. The activity of factor serum 4 was due predominantly to antibody component 6.
The activity of factor 4 was directed mainly against serotype C, and it was independent of 6-O-acetyl substi-
tution. Factor serum 5 was specific for serotype B GXMs. The inhibitory effect was independent of 6-O-acetyl
substitution, but the effect was diminished by reduction of the glucuronic acid. The GXMs with a typical
serotype C structure inhibited antibody 6. O deacetylation of the GXMs did not affect their inhibitory activity.
However, reduction of glucuronic acid reduced factor serum 6 binding. Factor serum 8 was specific to serotype
D; native GXMs of serotype A were slightly inhibitory. O deacetylation of the serotype D GXMs abrogated the
inhibitory effect. O deacetylation alone abrogates the activity of antibody components 1, 2, 3, and 8. Reduction
of glucuronic acid reduces the inhibitory activity of the GXM to antibody components 4, 5, and 6. Partial GXM

structures and methyl glycosides did not effectively inhibit the activity of any of the factor sera.

Cryptococcus neoformans is a life-threatening opportunistic
pathogen associated with immunocompromised individuals
(12, 21). The incidence of cryptococcosis has been increasing
steadily, particularly in patients with AIDS (19, 20). The yeast
has a predilection for the central nervous system, where it
causes cryptococcal meningoencephalitis (12). Disseminated
forms of cryptococcosis are the fourth leading cause of death
among patients with full-blown AIDS (24), and serotype A has
been isolated from most of these victims (3, 22, 25). Anti-
capsular polysaccharide antibodies, produced by immunization
of rabbits with killed whole cells, were used to describe five
serotypes (A, B, C, D, and A/D) of C. neoformans (15, 17, 18,
31). C. neoformans has a major polysaccharide capsule, glucu-
ronoxylomannan (GXM) (11), that is considered a significant
virulence factor (4); acapsular mutants have decreased viru-
lence (16). In addition, the C. neoformans capsular polysaccha-
ride (GXM) may be responsible for enhancing the pathogen-
esis of human immunodeficiency virus type 1 in AIDS patients
(23).

The typical GXM consists of a linear (1—3)-a-D-mannopy-
ranan bearing B-p-xylopyranosyl (Xylp), B-pD-glucopyranosyl-
uronic acid (GlecpA), and 6-O-acetyl substituents (2, 11, 28). A
simple structural relationship between the typical polysaccha-
rides of the four serotypes exists. They are all composed of a
core repeating unit,
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to which (1—2)-linked B-p-Xylp and (1—4)-linked B-pD-Xylp
units are added in increments of one to four residues. In this
way, explicit typical molar ratios of Xyl/Man/GIcA in serotypes
D, A, B, and C have been assigned at 1:3:1, 2:3:1, 3:3:1, and
4:3:1, respectively (2). GXMs from serotypes A and D are
substituted mainly at O-2, whereas GXMs from serotypes B
and C are substituted with Xylp at O-2 and at O-4. Additional
analytical data (obtained recently from the study of larger
numbers of isolates of each serotype) show that the precise
molar ratio and typical substitution patterns, as proposed in
the original models of GXM structure, are an oversimplifica-
tion (8, 9, 28) except for serotype B (29). In addition, substitu-
ent dispositions previously thought to be characteristic of one
serotype have been identified in heterologous isolates (11, 28,
30).

Polyclonal C. neoformans antibodies have been produced in
rabbits by immunization with killed whole cells of each sero-
type. The sera were selectively absorbed with whole cells, and
the absorbed sera, factor sera, were used for the serotyping and
identification of new isolates of C. neoformans (18). The pres-
ence of at least eight antigenic factors, distributed among the
serotypes of C. neoformans, has been proposed on the basis of
the reactivities of absorbed polyclonal antibodies in whole-cell
agglutination tests. The distribution of the antigenic factors
among the serotypes has been suggested to be as follows.
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TABLE 1. Factor sera specific to C. neoformans

Factor Antibody Serotype Relative ELISA
serum component(s)** specificity” specificity®

1 1,4, 6 (4 A,B,C D D>A>C>B

2 2,3,7(7) A, B, D A=B=D

3 3,7(7) A, D A=D

4 4,6 (4) B, C C>B

5 5() B B

6 6 C C>>B

7 7(7) A

8 8 D D>>A>B

¢ Antibody component(s) remaining after adsorption. Antigenic components
by serotype are as follows: A, 1, 2, 3, and 7; B, 1, 2, 4, and 6; C, 1, 4, and 6; D,
1,2, 3, and 8; A/D, 1, 2, 3, 7, and 8. Data are taken from reference 18.

b Polyclonal antibodies to the indicated as-yet chemically undefined antigenic
determinant(s) are present.

¢ Relative ELISA specificity of the factor serum as observed previously (1).

9 The number in parentheses denotes a weak antibody component as deter-
mined in this study.

Factor 1 is common to all serotypes; factor 2 is common to
serotypes A, B, and D; factor 3 is common to serotypes A and
D; and factor 4 is common to serotypes B and C. Antigenic
factors 7, 5, 6, and 8 are specific to serotypes A, B, C, and D,
respectively. The A/D serotype contains antigenic factors 7 and
8 and factors 1, 2, and 3. Moreover, serological experiments
revealed that GXM is the primary antigenic structure for the
serotype specificities of C. neoformans (14). Chemical analyses
used to explore the structure of GXM indicate the existence of
antigenic multiplicity among the serotypes, particularly sero-
types A and C (9, 30).

In an effort to develop reagents for mapping the epitopes
responsible for serotype specificity, several monoclonal anti-
bodies against the capsular polysaccharides of C. neoformans
have been investigated for reactivities to GXM and GXM
derivatives (5, 6, 13, 14, 27). The monoclonal antibodies iso-
lated to date have binding activities and specificities similar to
those of several factor sera, and it is generally assumed that
monoclonal antibodies might correspond to some of the eight
antigenic factors of the capsular polysaccharide. However,
none of these monoclonal antibodies exhibit specificity for a
single serotype and certainly not for a serotype-specific
epitope. Though the importance of the eight factor sera in
serotyping and identification of clinical isolates of C. neofor-
mans has been shown (1, 18), an account of their use for
epitope mapping of cryptococcal capsular polysaccharides has
not been reported. Recently, a combination of an indirect
enzyme-linked immunosorbent assay (ELISA) method and a
semiquantitative dot enzyme assay was used to evaluate the
activity and specificity of the eight factor sera against purified
GXM antigens (1). In the present study, we attempted to
define the epitopes responsible for the specific recognition of
each factor serum by analyzing the competitive binding speci-
ficities of a large representative collection of GXMs and GXM
derivatives by ELISA. GXMs purified from clinical isolates of
C. neoformans from patients with confirmed AIDS infection
were included in this study (10).

MATERIALS AND METHODS

Factor sera. Eight cryptococcal factor sera, lot 910610, were provided by
Tatron Laboratories, Inc., Tokyo, Japan; they were stored at —20°C. The char-
acteristics of the factor sera are given in Table 1. The data reported here are
similar to those obtained with factor sera originally provided by T. Shinoda (18).
Iatron Laboratories is marketing a new lot of factor sera (RM 30-K24). The new
lot of factor sera (RM 30-K24) has not been as thoroughly tested as the factor
serum lot used in these studies (lot 910610). When both lots were used, no
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TABLE 2. C. neoformans isolates used in the competitive

binding study
Serotype* Isolate Source and/or reference®
A (I) 6 T. G. Mitchell (Duke University) (8, 10)
A (II) 98 T. G. Mitchell (Duke University) (8, 10)
A (IT) 110 T. G. Mitchell (Duke University) (8, 10)
A (I) 118 T. G. Mitchell (Duke University) (8, 10)
A (IIT) 150 T. G. Mitchell (Duke University) (8, 10)
A 194 T. G. Mitchell (Duke University) (8, 10)
A (IV) 271 K. J. Kwon-Chung (NIH) (30)
A (IV) 355 K. J. Kwon-Chung (NIH) (30)
A (1IT) 371 K. J. Kwon-Chung (NIH) (30)
A (I) 9759 E. Reiss (CDC)
A®D 9104 E. Reiss (CDC)
A 68 E. Reiss (CDC)
B 409 K. J. Kwon-Chung (NIH) (29)
B 444 K. J. Kwon-Chung (NIH) (29)
B 184 K. J. Kwon-Chung (NIH) (29)
B 3172 E. Reiss (CDC)
B 3939 E. Reiss (CDC)
C 34 K. J. Kwon-Chung (NIH) (9)
C 298 K. J. Kwon-Chung (NIH) (9)
C 401 K. J. Kwon-Chung (NIH) (9)
C 3183 E. Reiss (CDC)
D 9375 H. Jean Shadomy (Medical College of
Virginia)
D 1254 E. Reiss (CDC)
D 3168 E. Reiss (CDC)
D 125 E. J. Jacobson (Medical College of Virginia)
D 127 E. J. Jacobson (Medical College of Virginia)
D 430 K. J. Kwon-Chung (NIH) (26)
A/D 132 T. Shinoda (Tokyo, Japan)

“The roman numeral given in parentheses refers to the serotype A GXM
chemical group previously defined (10, 30).

» NIH, National Institutes of Health; CDC, Centers for Disease Control and
Prevention.

statistical difference between the two sets of data was observed. However, we
cannot say unequivocally that the two lots of sera will give identical results 100%
of the time since complete repetition of the experiments was not performed.

Antigens. The origins of the C. neoformans isolates used in this study are listed
in Table 2. Isolation and purification of GXMs were done in our laboratory as
described previously (8). Structural derivatives of GXM (carboxyl-reduced, O-
deacetylated, and O-deacetylated—carboxyl-reduced forms and xylomannan)
were prepared as described previously (7-9). Methyl glycosides were purchased
from Sigma Chemical Company, St. Louis, Mo. Reference GXMs of each sero-
type (reference GXMs are from isolates of C. neoformans whose GXMs have
molar ratios of mannose, xylose, and glucuronic acid that most closely fit the
classical chemical delineation of the type-specific polysaccharides suggested for
serotypes A, B, C, and D by Bhattacharjee et al. [2]) were bound to microtitra-
tion plates for competitive ELISA analyses. Reference isolates of the four sero-
types of C. neoformans used in this study were as follows: isolate 6, serotype A
(8); isolate 34, serotype C (9); isolate 409, serotype B (29); and isolate 9375,
serotype D (26).

ELISA. The optimal conditions for preparing the microtitration plates and for
performing the ELISA analyses were described previously (1). The optimal
dilution of each factor serum was determined from the linear part of the respec-
tive titration curve. Competitive binding ELISA was done by preincubating 200
wl of GXM (0.0 to 100 pg/ml in phosphate-buffered saline [PBS, pH 7.4]) with
an equal volume of the predetermined dilution of the factor serum (1:1,000 to
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1:2,500) in PBS-Tween 20 containing 2% fetal bovine serum (PBSTF) for 90 min
at 23°C. Next, 100-pl portions of the incubated mixtures were added—in dupli-
cate or triplicate—to microtiter plates that had been previously coated with
GXM from the four reference isolates described above. A control consisting of
antigen-coated microtitration wells containing factor sera preincubated with
buffer containing the coating antigen (0.0 to 100 pg/ml) was included in each
ELISA. Negative controls consisted of the complete system without factor serum
or without GXM. ELISAs were done in duplicate or triplicate. Experimental
protocols were repeated on two to three different occasions with plates prepared
on different dates. The data in the figures are plotted with error bars showing =1
standard deviation. All inhibitors listed in the figures are native GXMs unless
stated otherwise.

RESULTS

A selection of GXMs, GXM derivatives, and related com-
pounds were investigated by ELISA for their ability to com-
petitively inhibit factor sera. The concentration of inhibitor
that reduced the control absorbance (no inhibitor present) by
50% (ICsy) was determined in those experiments for which
graphical representations of the data are not presented. The
ICs, of the inhibitor for factor serum binding to the immobi-
lized GXM was estimated by interpolation of the experimental
curves. The compounds studied represent a broad spectrum of
molecular species found in all the serotypes of C. neoformans.
Microtitration plates were coated with native GXM obtained
from reference isolates representing the four serotypes: A (iso-
late 6), B (isolate 409), C (isolate 34), and D (isolate 9375) (2,
11, 28). Residual antibody activity was quantitated following
preincubation of factor serum with increasing concentrations
of the sample being tested. No significant differences were
observed when the experiments were repeated on different
dates. The antibody components believed to compose each of
the eight putative factor sera are given in Table 1.

Factor serum 1. Competitive binding analyses were done
with the four reference GXMs bound individually to microti-
tration plates.

(i) Serotype A bound. GXMs from serotype A, B, C, and D
isolates were studied for their inhibitory effect on the GXM of
serotype A isolate 6. The GXM:s from serotype A group I were
equal to the homologous antigen in inhibitory potency (Fig.
la). An exception was the GXM of isolate 194, which gave
results similar to those observed for groups III and I'V. There-
fore, in Fig. 1 and in subsequent figures data pertaining to
isolate 194 are plotted with data for those groups although on
the basis of its chemical classification, this isolate was originally
assigned to group I (30). A possible explanation is given in
Discussion. The serotype A group II GXM (10, 30) and the
GXM from the serotype A/D isolate, isolate CBS 132, were
only slightly less effective as inhibitors. The GXMs from sero-
type A groups IIT and IV and the GXMs from serotype D were
less effective competitive inhibitors (Fig. 1b and c, respective-
ly). The GXMs from serotypes B and C were inhibitory only at
elevated concentrations, ICs,s of 25 and 6.25 wg/ml, respec-
tively. The GXM from serotype C isolate 401, whose xylose
substitution closely resembles that of serotype B GXM, had an
ICs, comparable to that of the GXM of serotype B isolates,
6.25 pg/ml. Serotype A GXMs that were O deacetylated or
reduced (reduction of glucuronic acid residues under condi-
tions whereby most of the O-acetyl substituents are retained)
lost almost all their inhibitory properties in comparison with
the activity of the native antigens (ICs5, = 25 pg). The combi-
nation of carboxyl reduction and O deacetylation caused a
decline in the inhibitory effect on factor serum 1 greater than
that observed for O deacetylation alone (IC5, = 100 wg/ml).
Selective chemical removal of glucuronic acid and O-acetyl
substituents from GXMs produced xylomannan analogs. The
xylomannans of isolates 194, 371, and 9104 (serotype A) and
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FIG. 1. Competitive inhibition of factor serum 1 binding to native GXM of
serotype A isolate 6 by native GXMs. Different concentrations of each GXM in
PBS were preincubated at 23°C for 90 min with an equal volume of factor serum
1 diluted at 1:2,500. The mixture was assayed by ELISA for residual binding to
immobilized GXM of serotype A isolate 6. Native GXM from serotype A isolate
6, the coating antigen, was included in each microtitration plate. Activities are
given for native GXMs from isolates of serotype A (a and b) and serotype D (c).
Each datum point represents a mean absorbance value for two or more wells =
1 standard deviation (error bars). Capital letters indicate the serotype, and
roman numerals refer to the serotype A GXM chemical group.

isolates 34, 298, and 3183 (serotype C) had ICsys for factor
serum 1 of =100 wg/ml. Methyl B-p-glucopyranoside, methyl
a-D-mannopyranoside, and methyl B-p-glucopyranosyluronic
acid were weak competitive inhibitors of factor serum 1; the
inhibitory effect was greater than expected, an ICs, of 25 pg/
ml.

(i) Serotype D bound. The competitive inhibition of factor
serum 1 was repeated with GXM from isolate 9375 (serotype D
reference isolate) bound to the microtitration plate. The inhi-
bition observed with this experimental variation in the ELISA
protocol paralleled the results obtained when serotype A was
used as the reference isolate. The GXMs from serotype A
groups I and II and serotype A/D isolate 132 inhibited the
binding at a concentration equivalent to that of the serotype D
GXM used to coat the microtitration plates, an IC;, of =0.039
pg/ml. The GXMs from serotype A groups III and I'V were less
effective (Fig. 2a). The GXMs from the serotype D isolates
were generally good inhibitors; however, this was not always
the case (Fig. 2b). The serotype B and C GXMs consistently
exhibited poor inhibitory effects on factor serum 1, with ICys
of 6.25 and 25 wg/ml, respectively. O deacetylation caused a
marked decrease in the inhibitory effects of the serotype A and
D GXMs, with ICsys from 8.2 to 75 pg/ml.

(iii) Serotype B bound. The inhibition of factor serum 1 with
serotype B bound was best when the serotype B GXMs were
used (Fig. 3a). The related GXMs from serotype C isolates
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FIG. 2. Competitive inhibition of factor serum 1 binding to native GXM of
serotype D isolate 9375 by various native GXMs. The inhibition ELISA was
performed as described in the legend to Fig. 1. Native GXM from serotype D
isolate 9375, the coating antigen, was included in each microtitration plate.
Activities are given for native GXMs from isolates of serotype A (a) and serotype
D (b). Each datum point represents a mean absorbance value for two or more
wells = 1 standard deviation (error bars). Capital letters indicate the serotype,
and roman numerals refer to the serotype A GXM chemical group.

were not as effective as inhibitors (Fig. 3b), though serotype C
was the immunizing serotype. Unexpectedly, the GXMs of
serotype A groups I and II were effective inhibitors under these
conditions (Fig. 3c). This may be due to a low titer of antibody

1.4 4
® #409(B) . 409&3)
7 Spman 1o 2 e
4 3 5 a #444(13; g 3 ﬁgi(ﬂcg
81.0 4 v O #1B4(B H1.0
3 . g
50.8 v Zo.8
g &
£0.6 20.6 3
-3
12 [ -
20'4 . A\ \V\v 50.4 \ \Q
] < ~J
0.2 4 0.2 AN
0'0 "V T ‘l T ‘{. T T T T oI 1 0.0 T T T T 1
t i I ° o o ™ =4
S g % S &a 3 - o 8 2
[ L M
° o o
o0

o 0w @ ®
Inhibitor concentration (ug/ml) Inhibitor concentratien {ug/ml)

-

IS
'

-

'S
)

#409(B)

L
® #409(B A #9375(D
2 $ain | S faiaan
o O #98(All) B O #1254(D)
810 v #118(AD) Eo 8 O #430(D)
al. o A #6(AT 8 - o #127(D)
g ~ 2 O #125(D)
So.8 O 0.8
. o oo s
0.6 e g0.6 N
£ e 5 %
- e
50.4 .\9\ * 50.4 \m\
= ax, N ° AN\
0.2 4 Nﬂiﬁ 0.2 " g
0.0 é T ‘I T ‘I‘l T T T T T 1 a.0 $ J' T oll T T T T T 1
t l 1 © o =3 I 1 1 © 2 v g
S % 2 4412 E E E -6 @ S
5 & & & & &
) ©

Inhibitor concentration (ug/ml) Inhibitor concentration (ug/ml}

FIG. 3. Competitive inhibition of factor serum 1 binding to native GXM of
serotype B isolate 409 by various native GXMs. The ELISA was performed as
described in the legend to Fig. 1. Native GXM from serotype B isolate 409, the
coating antigen, was included in each microtitration plate. Activities are given for
GXMs from isolates of serotype B (a), serotype C (b), serotype A (c), and
serotype D (d). Each datum point represents a mean absorbance value for two
or more wells = 1 standard deviation (error bars). Capital letters indicate the
serotype, and roman numerals refer to the serotype A GXM chemical group.
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FIG. 4. Competitive inhibition of factor serum 1 binding to native GXM of
serotype C isolate 34 by various native GXMs and by O-deacetylated GXMs. The
ELISA was performed as described in the legend to Fig. 1. Native GXM from
serotype C isolate 34, the coating antigen, was included in each microtitration
plate. Activities are given for GXMs from isolates of serotype C (a) and serotype
B (b) and for O-deacetylated GXMs from isolates of serotype C (c). Each datum
point represents a mean absorbance value for two or more wells * 1 standard
deviation (error bars). Capital letters indicate the serotype. Abbreviation in
panel c: deOAc, deacetylated GXM.

4 in factor serum 1 and the absence of antigen 6 in serotype A
GXM. This leaves only antibody 1 and antigen 1 common to
serotypes A and B. The GXMs from serotype D isolates were
less effective in inhibiting the activity of factor serum 1 (Fig.
3d). O-deacetylated GXMs of the four serotypes were much
less effective inhibitors of factor serum 1 than were the parent
compounds when the GXM of serotype B was bound to the
microtitration plates (ICs, = 25 pg/ml).

(iv) Serotype C bound. The serotype C GXMs, whose chem-
ical composition and structure closely resemble those of the
reference GXM (isolate 34), e.g., GXMs from isolates 298 and
401, were the most effective inhibitors of factor serum 1 activity
(Fig. 4a). The GXMs from serotype B isolates were weak
inhibitors (Fig. 4b). The GXMs from serotypes A and D ex-
hibited no significant inhibitory effects (IC5, = 100 pg/ml). O
deacetylation of serotype C GXMs (isolates 34 and 298) did
not significantly alter their inhibitory effect on factor serum 1
when serotype C GXM was used to coat the microtitration
plates (Fig. 4c).

Activity against factor serum 2. The activity of factor serum
2 was probed by competitive ELISA using the protocol de-
scribed above. Factor serum 2 is specific for serotypes A, B,
and D (1, 18).

(i) Serotype D bound. Groups I and II of the serotype A
GXMs and the serotype D GXMs were generally good inhib-
itors of factor serum 2 activity, with an I1Cs, of 0.039 pg/ml
(data not shown). GXMs from group III of serotype A (Fig. 5a,
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FIG. 5. Competitive inhibition of factor serum 2 binding to native GXM of
serotype D isolate 9375 by native GXMs of C. neoformans. Different concentra-
tions of each inhibitor in PBS were preincubated at 23°C for 90 min with an equal
volume of factor serum 2 diluted at 1:2,500. The mixture was assayed by ELISA
for residual binding to immobilized GXM of serotype D isolate 9375. Native
GXM from serotype D isolate 9375, the coating antigen, was included in each
microtitration plate. Activities are illustrated for GXMs from isolates of serotype
A (a) and serotype B (b). Each datum point represents a mean absorbance value
for two or more wells * 1 standard deviation (error bars). Capital letters indicate
the serotype, and roman numerals refer to the serotype A GXM chemical group.

GXMs 371 and 150) were poor inhibitors, but group IV GXMs
were good inhibitors (GXMs 271 and 355). The serotype B
GXMs were much less effective inhibitors (Fig. 5b). The least
effective GXMs were those isolated from serotype C, with an
IC5 of =100 pg/ml.

(ii) Serotype A bound. The GXMs from the serotype A
isolates of groups I, II, and IV were the most effective inhibi-
tors (ICsus of 0.039 to 0.39 wg/ml), and the GXMs from sero-
type D isolates were the next most effective inhibitors (ICs, of
1.6 pg/ml). GXMs from serotype A group III were not effective
(ICsy = 25 pg/ml). The GXMs of serotypes B and C did not
significantly reduce the activity of factor serum 2 (IC5, = 100
p.g/ml).

(iii) Serotype B bound. Serotype B isolates were less com-
petitive than were serotypes A and D, which were excellent
inhibitors of the binding of factor serum 2. This indicates that
the GXMs from the serotype B isolates have a lower density of
antigenic factor 2 epitopes. As expected, serotype C isolates
did not inhibit factor serum 2 (IC5, = 100 pg/ml).

Structurally modified GXMs from typical well-characterized
isolates of serotypes A, B, and C were examined for compet-
itive inhibition of factor serum 2 binding activity. O deacety-
lation of GXM:s resulted in a marked decrease in their inhib-
itory effects on factor serum 2 binding to immobilized GXM of
serotype A. However, carboxyl-reduced derivatives of the same
set of GXMs exhibited reduced inhibitory activity against fac-
tor serum 2 binding in an ELISA; the reduced GXMs lost all
inhibitory activity after O deacetylation (IC5, = 25 ng/ml).
Xylomannans had no inhibitory effect on factor serum 2 activ-
ity (IC5, = 100 pg/ml).

Factor serum 3. GXMs and GXM derivatives, obtained
from isolates of serotypes A, B, C, D, and A/D, were examined
for their inhibitory effects on the binding affinity of factor
serum 3. Factor serum 3 is specific for serotypes A and D (18).
The GXMs from serotype A isolate 6 and from serotype D
isolate 9375 were bound to microtitration plates.

(i) Serotype A bound. The serotype A GXM:s of group I and
group II and the serotype A/D GXM (Fig. 6a) and serotype D
GXMs (Fig. 6b) were excellent inhibitors of factor serum 3
activity. The serotype A GXMs of group III (Fig. 6a, isolates
371 and 150) and group IV (data not shown) were not inhib-
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FIG. 6. Competitive inhibition of factor serum 3 binding to native GXM of
serotype A isolate 6 by various native GXMs. Different concentrations of each
inhibitor in PBS were preincubated at 23°C for 90 min with an equal volume of
factor serum 3 diluted at 1:2,000. The mixture was assayed by ELISA for residual
binding to immobilized GXM of serotype A isolate 6. Native GXM from sero-
type A isolate 6, the coating antigen, was included in each microtitration plate.
Activities are given for native GXMs from serotype A (a) and serotype D (b)
isolates. Each datum point represents a mean absorbance value for two or more
wells * 1 standard deviation (error bars). Capital letters indicate the serotype,
and roman numerals refer to the serotype A GXM chemical group.

itors. O deacetylation resulted in a great diminution in the
inhibitory effects of serotype A, D, and A/D GXMs (ICs, = 25
pg/ml). However, only relatively small decreases in the already
weak inhibitory effects of the native GXMs of serotype A
group III were observed after O deacetylation: the ICs, in-
creased from 25 to ~100 pwg/ml. When the carboxyl groups of
GlepA were reduced, under conditions whereby the O-acetyl
residues are retained, no inhibitory effect was observed (ICs,
= 100 pg/ml). The combination of carboxyl reduction and O
deacetylation completely abolished the inhibitory effects of all
the GXMs from the serotype A isolates (ICs, > 100 pg/ml).

(ii) Serotype D bound. The serotype D GXMs were all
excellent inhibitors of factor serum 3 binding in an ELISA
(Fig. 7a). O deacetylation of the serotype D GXMs almost
completely abrogated the inhibition (ICs, = 100 pg/ml). Inhi-
bition of factor 3 with serotype A GXMs was best with those
obtained from the isolates within groups I and II (Fig. 7b,
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FIG. 7. Competitive inhibition of factor serum 3 binding to native GXM of
serotype D isolate 9375 by native GXMs from serotype A and D isolates. The
inhibition ELISA was performed as described in the legend to Fig. 6. Native
GXM from serotype D isolate 9375, the coating antigen, was included in each
microtitration plate. Activities are given for native GXMs from serotype D (a)
and serotype A (b) isolates. Each datum point represents a mean absorbance
value for two or more wells + 1 standard deviation (error bars). Capital letters
indicate the serotype, and roman numerals refer to the serotype A GXM chem-
ical group.
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FIG. 8. Competitive inhibition of factor serum 4 binding to native GXM of
serotype C isolate 34 by native GXMs. Native GXM from serotype C isolate 34,
the coating antigen, was included in each microtitration plate. Activities are
given for GXMs from isolates of serotype C (a) and serotype B (b). Each datum
point represents a mean absorbance value for two or more wells * 1 standard
deviation (error bars). Capital letters indicate the serotype.

isolates 6, 98, and 118). O deacetylation of the serotype A
GXMs reduced the inhibition to almost background levels
(ICsy = 50 pg/ml). Carboxyl reduction and carboxyl reduction
in combination with O deacetylation completely eliminated the
ability of the serotype A GXM:s to inhibit factor serum 3 (ICs,,
= 100 pg/ml). Little inhibition of factor serum 3 was observed
when GXMs, or GXM derivatives, of serotypes B and C were
used in the ELISAs (ICss ranged from 25 to >100 pg/ml).

Factor serum 4. ELISA plates coated with GXMs of sero-
type B isolates 409 and 444 and serotype C isolate 34 were used
to study the inhibitory effects of various GXMs and GXM
derivatives on the activity of factor serum 4. Antigenic factor 4
is common to serotypes B and C (18).

(i) Serotype B bound. Factor serum 4 gave titers by ELISA
that were approximately twofold lower than the titers observed
with other factor sera. The inhibitory effects of the GXMs from
serotype B and of the GXMs from serotype C were not as
strong as those observed in other ELISAs, with ICs,s between
1.6 and 6.25 pg/ml. The inhibitory effects of the GXMs from
serotypes A and D were weak, but quantities were measurable
(ICso = 6.25 pg/ml).

(ii) Serotype C bound. The inhibitory effect of the GXMs
from serotype C isolates was strong (Fig. 8a). GXMs from
isolates 34 and 298 gave maximum inhibition. The observed
inhibitory activity of the serotype C GXMs paralleled the pres-
ence of mannose residues that were disubstituted with Xylp at
0O-2 and O-4 (activity of GXMs by isolate number was in the
following order: 34 > 298 > 401 > 3183). GXMs from sero-
type B isolates were less effective inhibitors (Fig. 8b). However,
GXMs from serotype B isolates 184 and 3939 were somewhat
better inhibitors than the others tested (Fig. 8b). Apparently
the antibody 6 component preponderates in factor serum 4.
The GXMs from serotype A and D isolates were generally
poor inhibitors, but the GXMs from serotype D isolates were
marginally better inhibitors than were the GXMs from sero-
type A isolates at relatively high GXM concentrations, 25 and
100 pg/ml, serotypes D and A, respectively. The same level of
inhibition was obtained for the corresponding O-deacetylated
GXMs. Therefore, the O-acetyl substituent is not part of the
factor 4 epitopes (probably antigenic factor 6), nor is it re-
quired for conformational stabilization of the epitopes. How-
ever, the carboxyl-reduced GXMs, the carboxyl-reduced-O-
deacetylated GXMs, and the xylomannan derivatives of GXMs
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FIG. 9. Competitive inhibition of factor serum 6 binding to native GXM of
serotype C isolate 34 by native GXM, GXM derivatives, and methylglycosides.
Different concentrations of each inhibitor in PBS were preincubated at 23°C for
90 min with an equal volume of factor serum 6 at a dilution of 1:2,000. The
mixture was assayed by ELISA for residual binding to immobilized GXM of
serotype C isolate 34. Native GXM from serotype C isolate 34, the coating
antigen, was included in each microtitration plate. Activities are given for native
GXMs from serotype C isolates (a); O-deacetylated GXMs from serotype C
isolates and serotype B isolate 409 (b); carboxyl-reduced GXMs from serotype C
isolates (c); and xylomannans from serotype C isolates and the following meth-
ylglycosides: methyl-B-p-glucuronide, methyl-B-p-xylopyranoside, and methyl-a-
p-mannopyranoside (d). Each datum point represents a mean absorbance value
for two or more wells = 1 standard deviation (error bars). Abbreviations for
panels (b through d): deOAC, deacetylated; rcd, reduced carboxyl group; xymnn,
xylomannans; m, methyl; mannopyranos, mannopyranoside.

of serotype B and serotype C did not inhibit factor serum 4
(ICso = 100 pg/ml).

Factor serum 5. Factor serum 5 is specific for a single anti-
genic determinant present in serotype B GXM (1, 18). The
titer of factor serum 5 towards the GXM of serotype B isolate
409 was lower than that observed for the homologous reactions
with factor sera 1 through 4 described above. Therefore, it was
not possible to obtain reliable inhibition data with factor serum
5. However, it was possible to determine that O deacetylation
did not reduce the inhibitory effect of GXMs from serotype B
isolates (ICs, of 0.39 pg/ml). The carboxyl-reduced GXMs and
the xylomannans lost their ability to inhibit factor 5 (ICs, = 25
pg/ml).

Factor serum 6. Factor serum 6 is specific for serotype C (1,
18). The inhibitory effects of various GXMs on the binding
activity of factor serum 6 were studied by using microtitration
plates coated with GXM from serotype C, isolate 34. The
GXMs from serotype C isolates 34 and 298 were the best
inhibitors of the binding of factor serum 6 (Fig. 9a). Serotype
C isolates 401 and 3183 (Fig. 9a) and serotype B isolates (data
not shown), e.g., 409, were less inhibitory. The inhibitory ef-
fectiveness of the serotype C GXMs paralleled the xylose-to-
mannose ratios; the best inhibitors have the highest xylose/
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mannose ratios. O deacetylation generally did not alter the
inhibitory effect of the GXMs (Fig. 9b). However, a large
decrease in binding of factor serum 6 was observed after re-
duction of the carboxyl groups of the best inhibitors, e.g.,
isolates 34 and 298 (Fig. 9c). Combined O deacetylation and
carboxyl reduction of serotype C GXMs resulted in the same
reaction pattern as obtained with those GXMs that had only
been reduced. The inhibitory effects of xylomannans derived
from serotype C isolates (isolates 34, 298, and 3183) were
decidedly less than that of the GXM of isolate 34 (Fig. 9d).
Furthermore, methyl B-p-xyloside, methyl a-pD-mannopyrano-
side, methyl B-pD-glucuronide, and GXMs from serotypes A
and D showed no significant inhibitory effects. Generally, the
inhibitory activity of the compounds tested with factor 6 de-
creased in the following order: GXM > O-deacetylated GXM
> reduced GXM > xylomannans > methyl glycosides. The
serotype C GXM:s that have the highest concentration of man-
nose residues disubstituted with xylose at O-2 and O-4 (isolates
34 and 298) evoked the greatest inhibitory effects.

Factor serum 8. ELISA plates coated with serotype D GXM
from the reference isolate 9375 were used to study the speci-
ficity of factor serum 8 (1, 18). Factor serum 8 was inhibited by
all the serotype D GXMs tested (Fig. 10a). The inhibitory
effect of the serotype D GXMs was equal to the effect of that
of the reference isolate, 9375. Despite the apparent high de-
gree of specificity of factor serum 8 for serotype D in a dot blot
assay (1), several serotype A GXMs had strong inhibitory ef-
fects on factor serum 8 (Fig. 10b). The activity of factor serum
8 requires the O-acetyl group since O deacetylation of serotype
A and D GXMs abrogates the previously observed inhibition
(Fig. 10a and c, respectively). Carboxyl reduction resulted in a
partial reduction in the inhibitory effects; this may be due to
the partial unavoidable loss of O-acetyl that occurs during the
reduction of the carboxyl groups (Fig. 10d). However, carboxyl
reduction in conjunction with O deacetylation resulted in the
complete loss of the inhibitory effects (IC5, > 100 pg/ml).
Serotype A xylomannans, methyl B-D-xyloside, methyl «-D-
mannopyranoside, and methyl B-p-glucuronide did not show
inhibitory effects (ICs, > 100 wg/ml). Serotype A GXMs from
isolates 98 and 110 and serotype A/D GXMs, which have molar
ratios of mannose/xylose/glucuronic acid similar to that of the
serotype D reference (isolate 9375), were good inhibitors of
factor serum 8. Serotype A GXMs from atypical isolates 271
and 355 were poor inhibitors. Inhibitory effects of serotype B
and C GXMs were nil. Generally, the inhibitory effects of test
compounds on factor 8 decreased in the order of GXM >
reduced GXM > O-deacetylated GXM > xylomannans >
methyl glycosides.

DISCUSSION

Polyclonal sera, produced by differential reciprocal absorp-
tion of immune sera obtained from rabbits immunized with
formalinized whole cells of serotypes A, B, C, and D, have
been used to identify the presence of eight antigenic factors in
C. neoformans (18). The absorbed sera, factor sera, were used
in a slide agglutination assay to serotype isolates of cryptococ-
cus. Although the presence of eight antigenic factors of C.
neoformans, either unique to a serotype or shared by two or
more serotypes, has been reported with whole cells used as
antigens, the use of factor sera as probes of epitope structure
with chemically defined polysaccharides has not been reported.
In this study, the competitive binding specificities of GXMs,
O-deacetylated GXMs, reduced GXMs, O-deacetylated and
reduced GXMs, xylomannans, and methyl glycosides were sur-
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FIG. 10. Competitive inhibition of factor serum 8 binding to native GXM of
serotype D isolate 9375 by native GXM and GXM derivatives. Different con-
centrations of each inhibitor in PBS were preincubated at 23°C for 90 min with
an equal volume of factor serum 8 at a dilution of 1:2,000. The mixture was
assayed by ELISA for residual binding to immobilized GXM of serotype D
isolate 9375. Native GXM from isolate 9375, the coating antigen, was included in
each microtitration plate. Activities are given for native and O-deacetylated
(deOAc) GXMs from serotype D isolates (a), native GXMs from serotype A
isolates (b), O-deacetylated GXMs from serotype A isolates (c), and carboxyl-
reduced GXMs from serotype A isolates and serotype D isolate 9375 (d). Each
datum point represents a mean absorbance value for two or more wells = 1
standard deviation (error bars). Abbreviations in panels ¢ and d: deOAC,
deacetylated; rcd, reduced carboxyl group. Capital letters indicate the serotype,
and roman numerals refer to the serotype A GXM chemical group.

veyed by ELISA in an attempt to determine the epitope spec-
ificity of the factor sera.

Factor 1 is common to all serotypes, but the titers obtained
by ELISA versus typical GXMs of the four serotypes decrease
in the following order: D > A > C > B (1). Variable inhibition
patterns for GXMs from the reference GXM of each serotype
were observed. In addition, individual isolates within each se-
rotype gave variable responses in inhibition studies. These
differences in inhibitory ability indicate that the determinant
for antigenic factor 1 is unequally shared among the four
serotypes and among isolates of an individual serotype. It is
also likely that the activity level of the factor 4 antibody com-
ponent of factor serum 1 is low (Table 1). The major activities
appear to be antibody components 1 and 6. The competitive
binding data support data in previous reports concerning the
existence of extensive variation in composition and structure
within an individual serotype. This variation was most common
among GXMs of serotypes A (30) and C (9). Another possible
explanation for the variable response of factor serum 1 is that
antibody component 1 is a composite of subpopulations of
panspecific antibodies specific for common determinants that
are unequally expressed on the various isolates of C. neofor-
mans.
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The GXMs of serotypes A and D lack antigenic factor 6 and
do not significantly inhibit factor serum 1 binding to GXM of
serotype C because of the presence of antibody component 6 in
factor serum 1. The activity of the antibody 1 component of
factor serum 1 is O-acetyl dependent, and the antibody 6 com-
ponent is not. The poor inhibitory effect on factor serum 1 by
GXMs of serotypes A and D when serotype C is bound to the
microtitration plates is due to the presence of antibodies spe-
cific for antigenic factors 4 and 6. The GXMs from serotypes A
and D are without a demonstrable inhibitory effect because
both lack antigenic factors 4 and 6.

Factor 2 is common to serotypes A, B, and D and absent
from serotype C (1, 18). The inhibitory effect of GXMs of
serotype A isolates on factor serum 2 binding activity was
variable. This observation is consistent with chemical hetero-
geneity reported previously for this serotype (30). GXMs from
serotype A groups I and II, which are most like the reference
serotype A GXM in structure, exhibited the greatest inhibitory
effect versus factor serum 2 binding, while GXMs from sero-
type A group III isolates exhibited much smaller inhibitory
effects. The GXMs of serotypes A and D inhibited factor
serum 2 when the reference GXM of serotype A, B, or D was
bound to the microtitration plates. The GXMs of serotypes B
and C were partially inhibitory and not inhibitory at all, re-
spectively. These results are consistent with the postulated
antibody composition of factor serum 2, antibodies to antigenic
factors 2, 3, and 7 (18). The reason for the low-level inhibi-
tory effect of GXM of serotype B is the presence of antibody
component 3 in factor serum 2 and the fact that its antigenic
factor is not present in serotype B GXM. The O-acetyl sub-
stituent in serotype A, B, and D GXMs appears to play a
prominent role in the activity of factor serum 2. However, the
O-acetyl cannot be sterically equivalent in serotype B GXM
since its inhibitory activity is much less than the inhibitory
activities of the GXMs of serotypes A and D. This may be
due to steric hindrance induced by the O-4 linked Xylp re-
sidues. Antigenic factors 2 and 3 are common to serotypes
A and D. However, all serotype A GXMs were not equally
effective in inhibiting factor serum 2. The differences in the
observed inhibitory effects could not be correlated directly
with the dissimilarities in the chemical structures of the GXMs
examined. However, the presence of some Xylp linked O-4 to
Manp may be responsible for the decreased inhibitory effect
of the GXM from serotype A isolate 371. The GXM of iso-
late 194, which has group I structure (30), responded in most
cases as a group III structure. A possible explanation is that
the 6-O-acetyl disposition on the mannopyranan backbone
plays a critical role in determining antigenic activity. The data
presented herein show the importance of the O-acetyl substitu-
ents in maintaining the antigenicity of the GXMs. The linkage
sequence of the O-acetyl groups is currently under investiga-
tion.

Factor serum 3 exhibits activity against antigenic factors
3 and 7. As expected, the inhibitory effects were excellent
with serotype A and D GXMs and the GXMs from sero-
types B and C were essentially without inhibitory effects.
However, again, the group III and IV GXMs of serotype A
showed reduced inhibitory activity. Reduction of the GlcpA
residue resulted in a decrease in inhibitory activity. O deacety-
lation of GXMs, with or without prior reduction of the glucu-
ronic acid substituents, resulted in the complete loss of inhib-
itory activity.

Factor serum 4 exhibits activity against antigenic factor 4
(specific to serotypes B and C) and antigenic factor 6 (serotype
C specific). However, the ELISA absorbances were not as high
as those observed with other factor sera when GXM of sero-
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FIG. 11. GXM of serotype B (boldface structure) and GXM of serotype C
(entire structure).

type B was bound to the plate. Therefore, the inhibitory effects
of the GXMs from serotype B and C isolates could not be
quantitated confidently. The specificity of factor serum 4 by dot
enzyme immunoassay was consistent with the proposed anti-
body composition of the serum (1). We do not know whether
the low level of activity of factor serum 4 is caused by (i) poor
adsorption of serotype B GXM to ELISA plates, (ii) the mask-
ing of the epitopes when bound to the plate, or (iii) the low
antibody titer for antigenic factor 4. The activity of antibody
component 4 present in factor serum 1 was also of low titer.
When the reference GXM for serotype C (isolate 34) was
bound to the microtitration plate, the serotype B GXMs were
modest inhibitors and the serotype C GXMs were excellent
inhibitors. GXMs from isolates 34 and 298, having the highest
disubstitution of mannose with xylose at O-2 and O-4, showed
the best inhibitory effect on factor serum 4. The O-deacety-
lated and reduced derivatives of serotype B and serotype C
GXMs did not have altered inhibitory effectiveness versus fac-
tor serum 4. The activity of factor 4 is consistent with data
published previously (Fig. 1d of reference 1; C > B). However,
the data in the text and in Table 1 of the same report incor-
rectly show the reverse order of activity (the correct order of
activity is that factor serum 4 reacted strongly with the GXM of
serotype C and reacted less strongly with the GXM of serotype
B).

Factor serum 5 is specific for a single antigenic factor of
serotype B GXM (1, 18). The GXMs derived from the serotype
B isolates and the GXM obtained from the serotype C isolate
related in structure to serotype B (isolate 3183) were inhibitory
(Fig. 11). O deacetylation of the GXMs from serotype B iso-
lates did not substantially affect the inhibitory activity versus
factor 5. Factor serum 6 is specific for a single antigenic factor
of serotype C GXM (1, 18). The best inhibitory effects were
observed with GXMs from serotype C isolates having the high-
est frequency of Manp disubstituted with Xylp at O-2 and O-4
(isolates 34 and 298) (Fig. 11). Factor 6 was inhibited poorly
by serotype B isolates. The GXM obtained from isolate 3183
has the antigenic character of GXMs of serotypes B and C.
Therefore, the lack of the O-4 linked xylose does not com-
pletely eliminate the activity of factor serum 6 for GXM of
isolate 3183. The structural basis for this reaction is not evi-
dent, but one possible explanation for this observation is the
difference in the molar ratio of the 6-O-acetyl substituent and
variation in their relative disposition. Both factor sera 5 and 6
appear to have specificity only for the carbohydrate compo-
nents of GXM since O deacetylation of the homologous
GXMs did not affect their inhibitory efficiency. The carboxyl
reduction of GXM from isolate 34 substantially reduced its
inhibitory effect. Xylomannans and the various glycosides were
not inhibitory to factor 6.
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Factor serum 8 is specific for a single antigenic factor specific
for serotype D (1, 18). The GXMs obtained from serotype D
isolates were all excellent inhibitors. The inhibitory effect of all
the serotype D GXMs was essentially nil after O deacetylation.
Therefore, the O-acetyl substituent is the major determinant
for factor 8. Serotype A GXMs were generally only marginally
inhibitory towards the activity of factor 8. However, several
GXMs, those of serotype A isolates 6 and 194 and serotype
A/D isolate 132, did show substantial inhibition of factor 8.
This agrees with the data from the direct titration of factor 8
by ELISA when immobilized serotype A GXMs were used
(1). Although the precise structure of the factor 8 epitope is
not known, it does appear that O-acetyl is a major compo-
nent. However, 6-O-acetyl mannan does not inhibit factor se-
rum 8.

It appears that antigenic factors 1, 2, 3, and 8 require the
O-acetyl substituents to bind the corresponding factor serum
antibody components. Alternatively, the O-acetyl may be re-
quired for fixing the correct conformation of the epitopes. The
O-acetyl group does not play a crucial role in the specificity of
factor sera 4, 5, and 6. The spatial relationships of the Xylp and
GlcpA residues in serotype B and serotype C GXMs may be
sterically more restricted because of the increased substitution
of the mannan backbone (9). The GlcpA residues appear to be
of marginal significance in the presence of acetyl substitution,
although previous findings indicated the importance of both
O-acetyl and GlcpA residues for monoclonal antibody activity
(5, 13, 14). The preeminent role of the combination of O-acetyl
and GlcpA residues is illustrated by the total lack of inhibition
of any of the factor sera by any of the xylomannan derivatives.
The GXMs from isolate 132 (serotype A/D), isolate 6 (sero-
type A), and isolate 9375 (serotype D) exhibited similar, but
quantitatively different, inhibitory effects against factor sera 1,
3, and 8. These observations provide experimental evidence for
the presence of common or overlapping determinants among
isolates of these three serotypes. Although factor sera 5, 6, 7,
and 8 are called type specific, absolute specificity was not
observed with any of the factor sera; this is probably due to
incomplete absorption and the presence of determinants of
heterologous serotypes at trace levels. Some sera were very
weak, e.g., factor 7, because of the extensive absorption re-
quired or the poor immunogenicity of the GXM. Factor serum
7, serotype A specific, was not studied since its low titer by
ELISA prohibited the collection of reliable data. There is
something unique about antigenic factor 7, since neither rabbit
polyclonal antibodies nor mouse monoclonal antibodies have
provided significant serotype A-specific activities. Coinciden-
tally, serotype A preponderates in cryptococcal infections as-
sociated with AIDS. The factor sera have certain limitations,
but they have produced important preliminary mapping infor-
mation concerning the composition of C. neoformans determi-
nant groups within the major serogroups. Perhaps improved
epitope-specific antibody reagents can be obtained by affinity
chromatography with immobilized GXMs of defined purity
and structure. With this technique it is theoretically possible to
individually obtain all eight factors. The specificities of mono-
clonal antibodies with GXMs, GXM derivatives, and represen-
tative synthetic oligosaccharides will be used to further delin-
eate the epitope structure of the eight antigenic factors of C.
neoformans.
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