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ABSTRACT
PINE, LEO (Communicable Disease Center, Atlanta, Ga.), CLARENCE J. BOONE,

AND DAVE McLAuGHLIN. Antigenic properties of the cell wall and other fractions
of the yeast form of Histoplasma capsulatum. J. Bacteriol. 91:2158-2168. 1966.-
Yeast-form cells of Histoplasma capsulatum were fractionated in an attempt to ob-
tain complement-fixing antigens with greater specificity than those of the currently
used whole yeast form. No specific fraction was isolated. Rupture of the whole cell
produced soluble and insoluble highly antigenic fractions. The soluble fractions
rapidly lost antigenicity. Marked reduction of activity of some particulate fractions
was also observed. The purified cell wall, stripped of its protein components, was
antigenic, relatively stable, and demonstrated low cross-reactivity with heterologous
sera. All fractions cross-reacted with sera from cases of North American blastomy-
cosis to a greater degree than did the whole yeast-form antigen of H. capsulatum.
The production of certain cellular fractions varied with the strains used. In comple-
ment-fixation tests, insignificant differences in specificity and antigenicity were
found with whole-cell antigens from 13 H. capsulatum strains as well as with puri-
fied cell wall fractions prepared from 2 of these strains.

Histoplasmin and whole yeast-form Histo-
plasma capsulatum cells are two antigens com-
monly used in complement-fixation (CF) tests
for histoplasmosis. Both antigens, though useful,
demonstrate cross-reactivity with sera from pa-
tients having blastomycosis and coccidioidomy-
cosis (3, 4). A specific antigen would be of great
value for the diagnostic laboratory.

Labzoffsky, Fischer, and Hamvas (10) at-
tempted to obtain such an antigen by fractiona-
tion of pyridine-killed yeast-form cells. These
workers isolated eight antigenic fractions, of
which seven were soluble. All eight fractions
were tested against hyperimmune sera obtained
from rabbits immunized with viable or killed
yeast-form antigens of H. capsulatum and Blasto-
myces dermatitidis, and mycelial elements of
Coccidioides immitis. Three of the eight H.
capsulatum fractions isolated (IV, VI, and IX)
reacted only with the H. capsulatum antisera.
Other workers, however, tested fractions such as

crude cell walls (21), the soluble material re-

leased by sonic treatment (23), or whole-cell
antigens killed with phenol, formaldehyde, or

Merthiolate (Lindberg, Ph.D. Thesis, The Univ.

Michigan, Ann Arbor, 1950). Markowitz (11),
on the other hand, extensively studied the soluble
antigens released during growth by strains of
H. capsulatum, and made considerable progress
in the separation and characterization of these
antigens. However, no attempt to obtain specific
fractions was reported. With the exception of
the work by Labzoffsky et al. (10), no prepara-
tion has been described as being more specific
than the whole yeast-form cell.

In addition to studying the effect of media and
chemical treatment on the relative antigenicity
and specificity of different yeast-form strains of
H. capsulatum, we also were concerned with the
isolation and the immunological and chemical
characteristics of antigens obtained by previously
described methods or by the physico-chemical
procedures used here. Of these antigens, par-

ticular emphasis was placed upon the char-
acteristics of purified cell walls.

MATERIALS AND METHODS

Cultures. H. capsulatum strains A81 1, L261, 28,
69, 1073, 6571, 6602, 6617, 6619, 6621, 6622, 6623,
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6624, and F851 were used. These cultures have been
described previously (17, 22, 23).

Media and cultivation. Four media were used:
blood-glucose-cystine (BGC) medium of Campbell
(2), Brain Heart Infusion (BHI) agar or broth (Difco),
casein hydrolysate cysteine starch (CCS) medium of
Pine and Drouhet (15), and a synthetic medium (Syn)
in which the casein hydrolysate of the CCS medium
was replaced by L-aspartic and L-glutamic acids.
Broth cultures were grown at 37 C in 250-ml Erlen-
meyer flasks with 50 ml of medium, or in 50-ml flasks
with 10 ml of medium. They were shaken on a rotary
shaker at 120 cycles per min. Agar cultures were pre-
pared in 32-oz prescription bottles that were layered
on the flat side with 75 ml of agar medium. Each
bottle was inoculated with cells from a single 48- to
72-hr culture grown on an agar slant of CCS medium.
The bottles and flasks were incubated for 7 days at
37 C, and then stored at 5 C until the cells were har-
vested.

Cell treatments. Cells were collected by centrifuga-
tion or removed from the surface of the agar with
the rotating wire procedure previously described (14).
They were washed three times in 0.001 M phosphate
buffer (pH 8.0), resuspended in the pH 8.0 buffer to
two to three times their packed volume, and then
treated according to the procedures given for specific
experiments, or sonically treated with a Branson Sys-
tems 100-w, 20 kc sonifier at the no. 8 amperage set-
ting. The container for the cells was cooled by a fast-
running jet of ice-salt water mixture for periods of 1
to 2 min between alternate 1-min periods of sonic
treatment. The temperature was maintained at be-
tween 3 and 10 C.

After sonic treatment, the cell residues were treated
as described in the specific experiments. In other ex-
periments, cell residues were treated with pepsin or
trypsin as described by Cummins and Harris (6). Pro-
tein determinations, by use of optical density (OD)
measurements at 280 miA at various time intervals,
showed that the breakdown of the cell protein of
strain F851 with trypsin was complete at 24 hr; how-
ever, all others still showed continuing release of
amino acids at approximately the initial rate. All en-
zymatic reactions were nevertheless terminated at 30
hr by centrifugation and triple washing of the cell
residue with distilled water.

After protein digestion, the cell residues were hy-
drolyzed with sulfuric acid as described by Cummins
and Harris (6), and analyzed for the following sub-
stances as described. Reducing sugars were deter-
mined by the method of Park and Johnson (13); poly-
saccharides by the anthrone procedure of Scott and
Melvin (24); total hexoses and polysaccharides by
the cystein-sulfuric acid reaction of Dische (7); hex-
osamines by the Elson-Morgan reaction as modified
by Belcher, Nutten, and Sambrook (1); n-acetyl hex-
osamine by the method of Reissig, Strominger, and
Leloir (19); methyl pentose by the method of Dische
and Shettles (8); amino acids by the method of Troll
and Cannan (26); and protein by the method of
Sutherland et al. (25), with the Folin-Ciocalteau phe-
nol reagent.
Whole yeast-form cells of strain F851 were ex-

tracted with various solvents as follows. Suspensions
(1 ml) of washed, viable, yeast-form cells were placed
in 0.5% formalin, formamide, 90% phenol solution,
glacial acetic acid, pyridine, or toluene, and were in-
cubated for 24 hr at 5 C. Toluene suspensions were
shaken vigorously at various times during the incu-
bation period. In addition, 5 ml of a heavy suspension
of cells was squirted with force into 100 ml of ice-cold
acetone, incubated 24 hr at 5 C, filtered, washed three
times with ether, air-dried, and resuspended in dis-
tilled water. Another portion of the cell suspension
was placed in 50% urea solution and incubated 4
days at 5 C. All suspensions were then washed at least
five times to remove all traces of solvent, and resus-
pended in distilled water. Merthiolate was added to
the cell suspension to give a final preservative dilution
of 1:10,000, and the suspensions were stored at 5 C.

Chromatography. Sephadex G-50 (medium) col-
umns (22 by 300 mm) were prepared by use of 0.001
M phosphate buffer (pH 8.0). The solvent was passed
through the column at a rate of 16 to 18 drops per
min. The eluate was passed through an L.K.B. Uvi-
chord Optical Unit, and the absorption at 254 m,&
was automatically recorded; 2.5-ml fractions were
collected per tube.

Complement-fixation (CF) tests. The Laboratory
Branch CF test procedure (18) developed at the Com-
municable Disease Center was used to evaluate all
the antigens studied. In general, each 5-mg (dry
weight) sample of antigen was titrated. When this
was not possible, the titer was calculated to 5 mg
(dry weight) based on the titration of the known
weight of the antigen used. In three different experi-
ments, in which varying concentrations of antigen
were titrated and the titer for a 5-mg sample was cal-
culated, agreement was observed with the results ob-
tained by direct CF titration of a 5-mg sample. In a
few cases, when variable titers were observed, the
variations were insignificant.

RESULTS

Comparison or antigenicity and specificity of
yeast-form H. capsulatum strains as antigens in
the CF test. Fourteen strains of H. capsulatum
were grown on CCS agar slants, harvested, and
killed with 1:10,000 Merthiolate by incubation
for 48 hr at room temperature. Antigen titrations
against a single anti-H. capsulatum serum were
performed with whole cells adjusted on a 5 mg/ml
(dry weight) basis. All strains except 6617 and
6621, which were antigenically inactive, had titers
ranging from 1:16 to 1:32. Antigen titrations
with two sera each from human cases of histo-
plasmosis and North American blastomycosis
showed significant cross-reactions with the het-
erologous sera. The titers against anti-H. capsu-
latum sera lots 16 and 1 varied in two experiments
between 1:16 to 1:32 and 1:512 and 1:1,024,
respectively, whereas those against the anti-B.
dermatitidis sera lots 2623 and 5 varied between
0 to 1: 16 and 1: 8 to 1: 64, respectively. The
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results did not reveal any one strain to be more

specific in its reactivity with the homologous
sera than another.

Effect of media and morphology on chemical
composition and antigen titer of several strains of
H. capsulatum. The following experiments were

performed to determine the effect of media on the
chemical composition and antigenicity of differ-
ent strains of H. capsulatum, with the purpose

of selecting conditions to give the best yield of
antigen. Three groups of strains were studied
because of their morphological and antigenic
differences. Two strains, A811 and 28, were used
because of their reactivity with a large number of
sera from cases of histoplasmosis (22), and be-
cause the yeast cells of these strains grew pri-
marily as monilial chains rather than as pure
yeasts. Two strains, F851 and L261, grew in a

pure yeast form, and were reactive in the CF test
with human sera. Two other strains, 6617 and
6621, also grew in pure yeast form, but they
were not antigenic in the CF test. These strains
were grown in liquid shake culture on three
different media, and their relative antigenicity
and chemical composition were determined. The
results are given in Table 1.
Two strains, 6617 and 6621, were consistently

nonantigenic in the CF test regardless of the
medium on which they were grown; the other
strains showed little change in antigenicity with
change in the medium, and no significant anti-
genic differences were observed between them.
Nor was there any significant change in the com-
position of the cells with a change in their growth
medium. Although each strain maintained its
characteristic carbohydrate-protein ratio from

one medium to the other, there was considerable
variation in chemical composition between the
strains. However, there was no clear correlation
among antigenic activity, morphology, and
chemical composition. However, strains 6617
and 6621, which were unreactive in the CF test
(Table 1), showed a significantly higher per-
centage of carbohydrate (15 to 31 %) per milli-
gram (dry weight) than the other strains. Strains
A811 and 28 had relatively low concentrations
of proteins (7 to 10%; Table 1), but strain 6617,
in its yeast form, had essentially the same per-
centage of protein (5 to 7%). Likewise, the two
antigenic yeast-form strains L261 and F851 were
high in protein (31 to 37%), but the nonantigenic
strain 6621 was equally high (21 to 29%).
These results emphasized that chemical com-

position and antigenic reactivity as determined
by the CF test were primarily strain character-
istics, and were not readily modified by a change
of medium. Finally, as suggested by the initial
results and excepting strains 6617 and 6621, all
the strains of H. capsulatum appear to behave
similarly as antigens.

Effect of chemical treatment on whole-cell
antigens. The results obtained during various
experiments suggested that less cross-reactivity
occurred with the whole antigen treated with
Merthiolate than with fractions obtained from
the whole cells. It was thought that a significant
degree of specificity might be obtained by retain-
ing the whole-cell structure and extracting with
chemical solvents. Strain F851 was grown on the
CCS agar medium, and different samples of the
cell suspension were treated with formalin,
formamide, phenol, acetone, glacial acetic acid,

TABLE 1. Comparison of chemical composition and antigenlic activity of six strainis of
Histoplasma capsulatum grown on three different solid media

3AAa CCSb BHIc

Strain-

Total CHOd Pro- Antigen Total CHO Pro- Antigen Total CHO Pro- Antigen
grow th teine titerf growth tein titer growth tein ti ter

mg % %ye mg % % mg % %
A811 122 11 7 32 145 9 7 16-32 122 10 7 32
28 120 12 10 64 152 11 7 16-32 165 9 7 32
L261 132 13 37 32 135 13 31 32 168 11 32 16-32
F851 178 6 34 32-64 168 9 32 32-64 165 12 38 32
6621 110 29 31 0 118 15 24 0 72 21 24 0
6617 158 31 7 0 152 24 6 0 82 25 5 0

a Synthetic medium containing cysteine, glutamic acid, aspartic acid, and tryptophan. Cells were
grown on agar slants incubated 7 days at 37 C.

b Casein hydrolysate-cysteine-starch agar.
Brain Heart Infusion agar.

d Carbohydrate as determined by the anthrone reaction.
e Protein as determined by the Folin-Ciocalteau reagent.
f Complement fixation titer, determined with 5 mg (dry weight) of cells.

2160 J. BACTERIOL.



ANTIGENICITY OF H. CAPSULATUM CELL FRACTIONS

TABLE 2. Effect ofchemical extraction on the specific reactivity of whole cells of Histoplasma capsulatum
strain F851*

Antigen

Extracted with

Acetic acid.
Formalin .....
Pyridine......
Acetone ......
Urea .........
Toluene ......
Phenol .......
Formamide ...

Anti-H. capsulalrnt Anti-Blastomyces dermatitidis Anti-Coccidioides Normalimmitis

Serum

Expt 1

512 t
512
512
512
512
256
512
512

Expt 2

512
1,024
1,024
1,024
1,024

Serum
16

(expt 2)

256
512
256
512
512

Serum
5

(expt 1)

16
32
32
32
32
32
32
64

Serum
4135

(expt 2)

16
32
8
16
16

Serum
2623

(expt 2)

16
±

0
8
0

* All suspensions made initially to 5 mg (dry weight) per ml.
t Results expressed as CF titers (reciprocal of dilution).

toulene, and urea as described in Materials and
Methods. Box titrations were run to determine
the optimal antigen concentrations. The antigens
were then used against sera from proven human
cases of North American blastomycosis and
coccidioidomycosis. The results are given in
Table 2. Although it appeared in the first ex-

periment that acetic acid extraction gave a more

specific antigen, this was not observed on the
repeat experiment. Cross-reactivity varied with
the sera tested. The titers of the different chemi-
cally treated antigens showed as much as four-
fold differences when tested with a single serum.

However, consideration of the variation be-
tween the two experiments showed that there
was no one chemical treatment which significantly
minimized or eliminated cross-reactivity.

Physical fractionation of cell components,
methods of killing, and their effect on ease of
breakage of the yeast-form cells. Cells frozen and
thawed five times, formalized cells, and cells
killed with pyridine were sonically treated, and
the rates of breakage were compared (Fig. 1).
Cells frozen and thawed were 90% disrupted
within 3 min and 100%c in 5 min, whereas cells
treated with formalin or pyridine required 16
min or more for total destruction. Other experi-
ments showed that there was no difference in
the rates of breakage among untreated viable
cells, cells frozen and thawed, and cells killed
by incubation in 1:10,000 Merthiolate for 24 hr
at room temperature. These results indicated
that the formalin and pyridine treatments had
altered the fragility of the cells, and had most
probably affected the release of soluble antigens.

100

9Q4

80,

70

60-

50
N 4o0

20

101

0

PYRIDINE TREATED

0

0 `0
\s

"-O_-
I 2 3 4 5 6 7 8 9 10 11 12 I3

minutes of sonification

FIG. 1. Relative rates of breakage of Histoplasma
capsulatum yeast-form cells before and after chemical
treatments. Cells of strain A811 were grown on the
CCS agar medium, harvested, and divided into three
equal suspensions. One was treated by freezing and
thawing, a second with 0.5% formalin, and the third
with pyridine according to the Labzoffsky et al. (10)
procedure. The cells were washed three times with dis-
tilled water, after which they were resuspended in 0.001
M phosphate buffer (pH 8.0) and sonically treated as

described in Materials and Methods. Wet mounts were

made at 1-min intervals, and observed by use of the
phase microscope. The percentage of broken cells was

determined by direct counting of 10 different fields.
Treatment was terminated after 16 min of sonic treat-
ment.

The latter was supported with the findings that a

much greater amount of 254-m,u absorbing ma-

terial was released from the frozen and thawed
cells, and that differences in the protein peaks

Serum
8 Serum

1
(expt 2)

0
0
0
0
0 O

Expt 2

0

i4
0

4i
0

Expt 1

0

8
0
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0
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0
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occurred among the three soluble preparations
when these extracts were chromatographed on
Sephadex G-50 columns. Within the time limits
needed to disrupt all the cells, only the extracts
of the sonically treated frozen and thawed cells
showed complement-fixing activity. This activity
was lost after passage through the Sephadex
column. It appeared best to work with cells that
had not been treated chemically.

Because of the safety hazards involved when
working with viable cells, all cells were frozen
and thawed five times prior to sonic treatment,
since this procedure with sonic treatment was
shown by use of cultural and animal inoculations
to kill all the cells.

Relationship of time of sonic treatment to
antigens released, their cytological source, and
their antigenic characteristics. The following ex-
periment was run to ascertain the effect of sonic
treatment in the release of antigenic material
from the cell walls, and to determine the speci-
ficity of these antigens. Viable cells of strain A811
were used. Due to the possibility of infection,
the zero-time CF determination was made with
cells treated with 0.5% formalin in 0.85% NaCl.
The protocol for the experiment is given with

500

400-

300-

200

100-

CELLS + SOLUBLE MATERIALS RELEASED

SOLUBLE MATERIALS
RELEASED FROM

CELL WALLS

I ~~~~/1
CELL WALLS /

I ~~~//+/

4 cells - 5 < - cell walls
O 4 8 12 16

time, minutes of sonication

FIG. 2. Effect of sonic treatment wiih time on the
release of soluble and insoluble antigens from viable
cells ofHistoplasma capsulatum yeast-form cells, strain
A811. A 3-mi amount of packed yeast-form cells of
strain A811 grown on agar plates of the CCS medium
was suspended in 17 ml of 0.01 M phosphate buffer
(pH 8.0). These cells were sonically treated for S min
at 1-min intervals with alternate periods of cooling. A
2-ml amount was withdrawn at 5 min and diluted to 6
ml with buffer, and the residual suspension was centri-
fuged at 37,000 X g for 20 min at S C. The pellet was
resuspended in buffer solution to 15 ml. The cell wall
suspension was then sonically treated as befbre for an
additional 16 min; I-ml portions were withdrawn and
diluted to 3 ml. They were titrated with the CF test,
starting with a 1:4 dilution of the final suspension.

Fig. 2, and the results of the experiment are given
in Fig. 2 and 3. With the assumption that the
formalized cells had the same CF titer as viable
cells, sonic treatment of the cells for 5 min re-
sulted in a titer increase from 1:64 to 1:512
(Fig. 2). Upon sonic treatment of the washed
cell wall residue, the cell walls themselves in-
creased in antigenicity from 1:128 to 1:256 at 8
min. The soluble supernatant fluid obtained by
sonic treatment of the cell walls showed no in-
crease in titer until 12 min, at which time the
titer rose from 1:128 to 1:384. This experiment
was repeated twice with essentially the same re-
sults. The results showed that increased sonic
treatment unmasked additional antigenic sites
in the cell wall, and that a soluble fraction of high
antigenic activity was released somewhat later.
However, this soluble fraction was highly labile.
With 5 days of storage at 5 C, the soluble fraction
dropped from an original titer of 1:384 to 1:64
(Fig. 3). At 7 days, a further decrease to 1:32
was observed, and this was maintained for the
next 14 days.
The cell walls and the active cell wall super-

natant fluid were then tested for antigenicity
and specificity. The results showed that signifi-
cant decreases in titer occurred in cell wall and
supernatant materials stored 5 to 25 days at 5 C.
Both fractions, soluble and particulate, showed
higher cross-reactivity with the anti-B. dermat-
itidis sera than did the whole-cell control antigen.

Reactions of "Labzoffsky" antigens with hu-
man histoplasmosis sera. Labzoffsky et al. (10)
observed that three fractions of the yeast-form
antigen reacted specifically with sera of rabbits
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FIG. 3. Loss of CF activity from soluble materials

released from cell walls by yeast-form cells of Histo-
plasma capsulatum strain A811.
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hyperimmunized with killed cells of H. capsu-

latum. Yeast fractions were prepared according
to their methods, and were tested against sera

from human cases by use of the CF test. After
each fractionation, the antigens were evaluated
for antigencity and specificity. On the basis of
dry weight, pyridine extraction generally in-
creased the antigenic activity of the whole cells;
this was not consistent. However, sonic treatment
of cells extracted with pyridine consistently in-
creased the antigenicity of the cell suspension,
with the resultant particulate and soluble ma-
terials showing high individual antigenic titers.
Of the antigens tested, the cell wall residues

after extraction with acetone and phenol ex-
hibited the highest antigenic activity in the CF
test, exhibiting complement-fixing titers of 1:256
to 1:1,024 at 5 mg (dry weight) per ml original
concentration. One such preparation, a white
upper cell wall layer obtained after centrifuga-
tion, had a titer of 1:256 with a human histo-
plasmosis serum, 1:8 and 1:16 with two human
blastomycosis sera, and 1:16 and 1:32 with two
human coccidioidomycosis sera. Similarly, all

other fractions of H. capsulatum, although of
lower antigenic activity, showed a higher cross-
reactivity with heterologous human sera than
did the whole-cell yeast-form control antigen.

The latter had no complement-fixing activity
witb the blastomycosis sera, and a titer of 1:8
with both coccidioidomycosis sera.

Physical and chemical fractionation of two
strains of H. capsulatum and their chemical and
antigenic analyses. The results suggested that
two major components, the cell wall and the ma-

terial closely associated with it, were responsible
for the antigenic reactions most desired. There-
fore, a comparison was made of the reactivity
of these fractions from two different strains,
and the chemical characteristics of these fractions
were determined. Two strains, A811 and F851,
were chosen because they showed major mor-
phological and physiological differences as
described in Table 1 and the text relevant to it.
The cells of these two strains were grown on the
CCS medium and sonically treated for 5 min,
and the resultant suspensions were fractionated
as indicated in Table 3. From the data presented,
it is evident that the per cent composition repre-
sented by the fractions obtained from the two
strains differed significantly.
Two fractions, C and D, derived from strain

F851 were essentially absent in strain A811.
Fraction C appeared to be high in protein and
low in carbohydrate; observation of fraction C
under phase optics suggested that this fraction

TABLE 3. Component variation within two yeast-form strains of Histoplasma capsulatum as reflected by physical
fractionation*

Analysist

Strain Fraction Description Dry wt of
fraction Carbohy- Prti

drate Prti

A811 A Frozen and thawed cells, sonically treated 100.0 6.0 9.4
B 5,000 X g pellet 99.9 16.0 30.4
C 37,000 X g pellet 0.1 0.0 0.0
D 37,000 X g supernatant fluid 0.0 0.0 0.0

F851 A Frozen and thawed cells, sonically treated 100.0 17.0 11.1
B 5,000 X g pellet 95.7 23.0 22.7
C 37,000 X g pellet 3.6 15.3 44.7
D 37,000 X g supernatant fluid 0.1 75.3 37.5

* Cells of strains A811 and F851 were grown for 7 days at 37 C in prescription bottles containing 75 ml
of CCS medium. Cells were washed off the agar surface, suspended in 50 ml of distilled water, and
washed three times (10 ml of water in nylon centrifuge tube and frozen and thawed five times). The
cells were again centrifuged and resuspended to give 30 ml, cooled in Dry Ice-alcohol to 1 to 4 C, and
sonically treated for five 1-min intervals with alternate periods of cooling. A fraction obtained after
sonic treatment was labeled fraction A. Cells were centrifuged at 5,000 X g for 20 min, and supernatant
fluid was removed. The cell debris was washed three times with 25 ml of distilled water, and the wash-
ings were added to the original supernatant fluid. The washed cell residue was labeled B. The combined
washings were centrifuged at 37,500 X g for 5 hr at 5 C. The pellet was labeled fraction C. The super-
natant fluid was lyophilized and brought to a volume of 5 ml with distilled water, and was labeled frac-
tion D.

t Carbohydrate and protein were determined by the anthrone and Folin methods, respectively, and
are expressed as per cent dry weight.
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was composed of cell membranes or collapsed
cell protoplasts.

Fraction D of this strain, on the other hand,
showed a much higher carbohydrate content
than fraction C. These two fractions of strain
F851 were highly active antigenically (Table 4).
Fraction D also showed a relative high specificity
when tested against lot 5 anti-B. dermatitidis
serum, and did not differ significantly from that
of antigen A811 (A81 1-A, Table 5).
The fractions containing the crude cell walls

(fractions B) were divided into separate portions,
treated with pepsin or trypsin, washed, and sub-
jected to chemical extractions to obtain purified
chitin residues and mannan. The antigenicity
of all these preparations against three human
anti-H. capsulatum sera is shown in Table 4.
Their relative specificities with sera from human
cases of histoplasmosis and North American
blastomycosis are indicated in Table 5. Of the
preparations tested, the control antigen A811
(Table 5) gave a specificity ratio (anti-H. capsu-

latum serum titer/anti-B. dermatitidis titer) of
32, the highest specificity for anti-H. capsulatum
serum obtained. Fraction D had a high anti-
genicity and specificity as described above. Pre-
treatment of fraction B with enzymes consistently
decreased the specificity ratio. Trypsin appeared
more active in this respect. It was not until the

pure chitinous wall was obtained, by use of the
procedure of Northcote and Horne (12) with
acetic acid and sodium hydroxide extraction, that
a higher ratio (anti-H. capsulatum serum/anti-B.
dermatitidis serum) of 16 was observed. The
mannans were isolated in very small amounts
and were not active antigenically.
Treatment of fractions B of both strains did

not give any remarkable differences in specificity
ratios. Chemical analyses of the purified cell
walls (Table 6; A811 and F851 chitin residues
pretreated with trypsin and pepsin) showed
that the compositions of the cell wall chitin of
the two strains were essentially identical. Of the
components determined, the relatively high con-

centration of methyl pentoses and apparently
amino acids is of interest, since these compounds
have not been reported previously in the purified
chitinous cell wall of the H. capsulatumn yeast-
form cell. Antigenically, the titers of the chitinous
residues did not vary significantly, although the
strains differed in morphological aspects. Any
differences in specificity between the two strains
were therefore most probably the result of mask-
ing components or absence of nonspecific com-
ponents on the surface of the cell walls of either
strain. The fact that the effect of proteinases
was to increase the antigenic reactivity but de-
crease specificity could be due to the destruction

TABLE 4. Anitigenic reactivity of the various fractions of the yeast cells of Histoplasma
capsulatum

CF titers with human anti-H. capszulatlunz sera
Strain Fraction*

Lot 1 Lot 16 Lot 1598

A811 Original cells, formalin-killed 512 32
B, 5,000 X g pellet 2,048 64
C, 37,000 X g pellet 0 0
D, 37,000 X g supernatant fluid 0 0
B, trypsinized 512 32 64
B, pepsinized 1,024 64 128
"Chitin" from trypsinized B 4,096 128 512
"Chitin" from pepsinized B 64
Mannan 0

F851 Original cells, formalin-killed 512 32
B, 5,000 X g pellet 2,048 32
C, 37,000 X g pellet 8,192 128
D, 37,000 X g supernatant fluid 2,048 512
B, Trypsinized 4,096 128 512
B, Pepsinized 4,096 128 512
"Chitin" from trypsinized B 8,192 128 128
"Chitin" from pepsinized B 8,192 128 256
Mannan 0 0

* See Table 4 for description of fractions B, C, and D. Fractions B were treated with proteinases as de-
scribed in Materials and Methods. Chitin and mannans were isolated by the method of Northcote and
Horne (12). Titers are given on the basis of 5 mg (dry weight) per ml.

2164 J. BACTERIOL.



ANTIGENICITY OF H. CAPSULATUM CELL FRACTIONS

TABLE 5. Titers against human anti-Histoplasma capsulatum and anti-Blastomyces dermatitidis
sera offractions of yeast-form H. capsulatum cells after sonic treatment

Human antisera (lot no.)______________________Titer of anti-H. Specificity
Strain Fraction* capsulatumi anti- rai

H. capsulatum B. derma- B. dermatitidis ratio
titidis

A811 Original cells, formalin-killed 1 5 512/0
1 5 256/8 32

B, 5,000 X g pellet 1 5 256/16 16
C, 37,000 X g pellet 1 5 0 0
D, 37,000 X g supernatant fluid 1 5 0 0
B, trypsinized 1598 5 64/32 2
B, pepsinized 1 5 1024/128 8
Chitin from trypsinized B 1 5 256/16 16
Chitin from pepsinized B 1 5
Mannan 1 5 0 0

F851 Original cells, formalin-killed 1 5 512/32 16
B, 5,000 X g pellet 1 5 256/32 8
C, 37,000 X g pellet 1 5 AC
D, 37,000 X g supernatant fluid 1 4 128/8 16

1 5 512/64 8
B, trypsinized 1598 5 128/64 2
B, pepsinized 1 5 512/32 16
Chitin from trypsinized B 1598 5 32/16 2
Chitin from pepsinized B 1 5 512/32 16
Mannan 1 5 0 0

A811 Control 1 5 512/16 32
1598 5 128/16 8

* See Table 4 for description of fractions B, C, and D. Titers given have not been normalized to 5 mg
(dry weight) per ml, but represent the values obtained with the samples as used.

TABLE 6. Chemical analyses offractions from Histoplasma capsulatum yeast-form
strains A811 and F851

Carbo- Re- Hexose N-acetylStrain and Dsrpinhydrate Hexo - Mety mn rti
fraction Description hydrane ducing (cysteine- amine hexo- pentose acids (Folin)throne) sugar H2S04) samineasnepnteacd(Fl)

F851-A Washed whole cells* 6.2 t 16.2 20.6 5.7 0.6 4.3 29.2 12.9
A811 -B Crude cell walls 6.3 20.6 16.0 5.7 0.4 5.4 53.4 24.0
F851 -B Crude cell walls 8.2 23.8 19.9 6.6 0.5 5.6 46.0 15.1
F851-C 37,000 X g pellet 7.6 19.9 24.6 5.6 0.3 5.9 95.0 30.4
F851-D 37,000 X g supernatant fluid 9.6 26.4 26.0 2.8 0.0 7.6 26.3
A811-B Trypsinized cell walls 7.7 27.0 28.1 6.2 0.0 8.2 47.7 12.3
A811-B Pepsinized cell walls 12.0 32.1 40.7 8.7 0.3 7.9 27.4 10.9
F851 -B Trypsinized cell walls 13.0 44.8 86.4 2.9 3.0 1.1 32.5
A811-B Chitin of trypsinized cells walls; 12.7 34.9 28.9 1.3 0.3 8.7 9.3 0.0

extracted with sodium hy-
droxide and acetic acid

A811 -B Chitin of pepsinized cell walls; 13.3 35.5 47.6 1.2 0.0 8.7 7.5 0.0
extracted as above

F851-B Chitin of trypsinized cell walls; 10.0 31.1 44.3 1.2 0.0 12.9 11.0 0.0
extracted as above

F851-B Chitin of pepsinized cell walls; 14.1 37.5 45.7 1.3 0.3 9.1 11.0 0.0
extracted as above

* Cells were first frozen and thawed three times as described in the text.
t Results expressed as per cent dry weight.
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of proteins which served to mask antigenic sites,
or which contributed to the cross-reactivity of
the cell fraction. These cell wall proteins there-
fore appeared to differ from the protein of frac-
tion C of strain F851.

DISCUSSION
Campbell and Binkley (4) and Campbell (3)

have discussed the problem of nonspecific re-
activity of the antigens used in the CF test for
histoplasmosis. Both histoplasmin and whole
yeast-form cells of H. capsulatum are valuable
and mutually complementary in the presumptive
diagnosis of infections due to H. capsulatum.
Both products, however, are capable of reacting
with sera from cases of North American blasto-
mycosis and coccidioidomycosis, although gen-
erally to a lower degree. An optimal antigen
is one which is highly sensitive and specific in
reaction to antibodies against H. capsulatum.
Toward this goal certain basic evaluations of
whole and broken cells have been made. Camp-
bell and Saslaw (5) made extracts from ground
whole yeast-form cells, and found them to be
stable but of low antigenic activity coupled with
a high cross-reactivity with antiserum ior B.
dermatitidis. Schubert et al. (23) evaluated the
antigens of a single strain of H. capsulatum
using histoplasmin, whole yeast-form cells, and
the supernatant fluid of a sonically treated yeast
suspension. They observed that the yeast extract
reacted essentially in the same way as the whole
yeast-form cell when tested with sera from a
proven case of histoplasmosis, although the ex-
tract gave somewhat higher titers. Lindberg
(Ph.D. Thesis, The Univ. Michigan, Ann Arbor,
1950) reported that whole, formalin-killed, yeast-
form cells had all the antigenicity of ground
cells, extracts of ground yeast-form cells, ground
mycelium, mixed mycelium and yeast, and the
cell-free culture filtrate. Salvin and Ribi (21),
using CF procedures, compared the antigenicity
of cell walls and protoplasm from cells killed
with ether or Merthiolate to the activity of heat-
killed whole yeast-form cells. They reported that,
on a weight basis, the cell walls were much more
reactive than the protoplasm. Evidence was also
presented that the cell wall possessed soluble
antigens of lesser activity than the wall itself.
Our results substantiated the very high reactivity
of purified cell walls, but pointed out that soluble
components may be equally active though less
stable.

Labzoffsky et al. (10) fractionated the cell
components more extensively than previous
workers, and obtained several active purified
soluble fractions. Although we obtained highly

antigenic preparations by using Labzoffsky's
methods, tests with human sera indicated that
they all lacked either stability or specificity re-
ported by Labzoffsky et al. (10) with rabbit sera.
All the soluble fractions which we obtained were
extremely labile, and lost activity rapidly when
stored at 5 C. In addition, the results repeatedly
showed that disrupted cells had increased re-
activity with antibody to B. dermatitidis.
The overall results of the investigations re-

ported here re-emphasize observations reported
previously by several investigators. First, it is
commonly observed that various sera obtained
from human cases of histoplasmosis and blasto-
mycosis can show a wide diversity of reactivity
in the CF tests with one given antigen. Conse-
quently, the relative sensitivity and specificity of
an antigen should be verified with several low,
medium, and high titrated homologous and
heterologous antisera. Unfortunately, the amounts
and numbers of such sera from human cases
of blastomycosis were limited in this study.
Second, there has been a common suggestion
that the choice of the strain of H. capsulatum is
perhaps the most critical step in obtaining a
higher order of specificity. This has been sug-
gested by Campbell and Saslaw (5) and by Schu-
bert and Ajello (22), who compared the variation
in strains of H. capsulatum as complement-fixing
antigens. Recently, Markowitz (11) emphasized
the potential differences in "strain" produc-
tion of yeast-form polysaccharide eliciting pre-
cipitin and delayed hypersensitivity reactions
in sensitized animals. Our comparative results,
with the CF titration, showed that all the strains
tested with the exception of two were remarkably
alike. Our methods, however, varied from those
of Markowitz, and our antigens were not eval-
uated with as large a number of sera as used by
Schubert and Ajello (22).

It is known that media influence the production
of antigens in the growth of C. immitis. Rowe,
Newcomer, and Landau (20) have shown that
a marked increase in precipitinogens resulted
when cultures were grown in Roessler's medium,
and when glucose was increased from 0.2 to
4.2%. Recently, it was observed by Pine, Kauf-
man, and Boone (16) that growth medium for
yeast-form H. capsulatum could influence quanti-
tatively the production of antigen reacting with a
fluorescent antibody (FA) specific for H. capsu-
latum. It is interesting to note that, under the
conditions of growth used in this study, the
various media did not influence the antigenic
nature of the yeast-form cells of the strains tested.
The apparent characteristic composition of the
three yeast-form groups analyzed here (A811,
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28; L261, F851; and 6617, 6621) emphasized
strain differences which were also apparent by
other means, such as growth rates, substrate
requirements, ease of conversion, etc. (17), but
which did not reflect antigenic differences when
the CF test was used.

In all of our tests, the Merthiolate-killed whole-
cell antigens of H. capsulatum strain A811 were
more specific for histoplasmosis human sera
than were broken cells or fractions derived from
them. We found that the purified cell wall resi-
dues were highly antigenic, and were relatively
specific after removal of protein and other ma-
terials by a combination of enzyme digestion
and chemical extraction. The results point to
the possibility that those reactive chemical sites
more specific for H. capsulatum lie on the surface
of, or in, the cell walls. In this regard, it is in-
teresting to note that FA specific for the yeast-
form of H. capsulatum (9) is a cell wall stain. It is
also important to note the rather high and equal
specificity of the purified cell walls of two differ-
ent morphological strains, A811 and F851.
These preparations were free from protein, and
were essentially identical by chemical analyses
and qualitative composition of sugars. This
suggests that the basic cell wall polysaccharide
complex is in itself antigenically and chemically
the same in other strains, and that variation
within strains is probably due to additional
protein-carbohydrate complexes associated with
the cell wall. The results show that, within the
limits of the numbers of sera used to test them,
the whole-cell antigens tested from various strains
are the same with but a few exceptions, even
though these strains may vary considerably in
their chemical composition, morphological as-
pects, and physical properties. The soluble
antigens released from the cells were high in
antigenicity but quite unstable; the particulate
fractions were lower in antigenicity but were of a
greater stability. All fractions tested showed a
cross-reactivity equal to or greater than that
observed with the whole yeast-form antigen.

Until other isolated purified fractions are ob-
tained which have the high specificity and sensi-
tivity desired, the Merthiolate-treated whole-
cell yeast-form antigen presently used represents
an antigen with more desirable characteristics of
stability and specificity than the fractions de-
scribed here.
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