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Mycelial and yeast-phase culture filtrates prepared from three strains of
Paracoccidioides brasiliensis exhibited equal reactivity in sensitized guinea pigs.
Ethyl alcohol-precipitated fractions obtained from the culture filtrates also showed
no difference in reactivity between mycelial and yeast phase when tested 1n sensitized
guinea pigs. Chemical analyses of the ethyl alcohol-precipitated fractions revealed
the presence of seven aliphatic amino acids in both the mycelial- and yeast-phase
products. Glucose, galactose, arabinose, and glucosamine were also detected, but the
relative proportions of these sugars were different for the mycelial phase as compared
with the yeast phase. Both the mycelial- and yeast-phase ethyl alcohol precipitated
fractions contained 2 to 49 nitrogen, but no protein or nucleic acid could
be detected. Removal of nitrogen from the ethyl alcohol-precipitated fractions by
chloroform extraction resulted in an almost complete loss of skin reactivity, whereas
the material recovered from the chloroform, which contained most of the nitrogen,
still exhibited almost as much reactivity as was present prior to extraction. A con-
siderable portion of the reducing substances was removed along with the nmitrogen
by the chloroform extraction, suggesting a strong chemical link between the carbo-
hydrate and the peptide portions of the active moiety. Since no protein was present
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in the fractions, it was presumed that the active moiety is a glycopeptide.

The first recorded attempt to demonstrate
cutaneous hypersensitivity in patients with South
American blastomycosis was that of Fonseca
and Area-Leao (13), who injected a mycehal
filtrate intradermally into two patients, both of
whom reacted to the inoculum. Since then,
numerous investigators have employed either
mycelial-phase (2, 4, 5, 8) or yeast-phase culture
filtrates (1, 16, 19-22) of Paracoccidioides bra-
siliensis to study skin reactivity in infected pa-
tients and in the normal population. In most of
these investigations, the majority of patients with
active disease gave positive reactions to either
type of filtrate, but some patients failed to react,
and occasional positive reactions were observed in
patients with histoplasmosis and sporotrichosis.
In a few instances, possibly because of the use of
a protein-containing culture medium, patients
exhibited positive reactions to the uninoculated
broth. In some studies, the filtrates were used
directly in patients, without any attempt to test

L Present address: Departamento de Microbiologia
y Parasitologia, Facultad de Medicina, Universidad de
Antioquia, Medellin, Colombia, S.A.

their potency in laboratory animals. In general,
the culture filtrates that have been employed
have varied greatly from batch to batch with
respect to composition and potency. It 1s difficult
to compare the results reported by different in-
vestigators, since no quantitated standard was
used and since the chemical composition of the
antigenic material was not identical in all in-
stances.

Fava-Netto and Raphael (11) reported the use
of a “polysaccharide” fraction for skin testing.
This “polysaccharide’” was actually an extract of
autoclaved yeast-phase cells which was originally
devised for use in a complement-fixation test.
Positive cutaneous reactions were obtained in
879, of proven cases of South American blasto-
mycosis, but many positive reactions also were
observed among patients with other diseases and
among healthy nurses, physicians, and medical
students at a regional hospital. The chemical
nature or degree of purity of the extract was not

determined, but it is likely that it contained some
nitrogen. Recently, considerable interest has been
focused on the role of polysaccharides in fungal
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hypersensitivity, and a number of investigators
have prepared polysaccharide fractions from
Histoplasma capsulatum, Coccidioides immitis,
and Blastomyces dermatitidis (6, 9, 10, 23, 24, 27).
In all cases, the fractions employed were strongly
reactive in skin tests. Chemical analyses of these
polysaccharide fractions were mainly limited to
nitrogen determinations and identification of
constituent sugars, and in all cases nitrogen was
found to be present in the fractions. Attempts to
further purify the fractions by removal of the
nitrogen resulted in a marked reduction in ac-
tivity. In pilot experiments in our laboratories,
protein fractions prepared from sonically dis-
rupted yeast- and mycelial-phase cells were com-
pletely nonreactive in infected animals. The evi-
dence to date indicates that the activity of culture
filtrates resides primarily in that portion precipi-
tated by ethyl alcohol. This paper reports the
results of an attempt to define more precisely the
chemical nature of the substance present in ethyl
alcohol-precipitated fractions of culture filtrates
that are capable of eliciting positive cutaneous
reactions in sensitized animals or humans.

MATERIALS AND METHODS

Fungal strains. Two Brazilian isolates of P. brasilien-
sis were obtained from L. Georg, National Communi-
cable Disease Center, Atlanta, Ga. A third strain was
isolated by the sei ior author from a patient in Medel-
lin, Colombia. Strains were maintained in the mycelial
phase on Sabouraud’s glucose (BBL) agar at room
temperature, and in the yeast phase on Kelley’s
medium (18) at 37 C.

Preparation of culture filtrates. Each of the three
strains of P. brasiliensis was grown in the mycelial and
yeast phase, in submerged shake cultures in a specially
designed dialysate medium. To prepare the dialysate
medium, 30 g of dehydrated Trypticase Soy Broth
(BBL) was dissolved in 100 ml of sterile distilled
water, poured into sterile cellulose casings, and
dialyzed at 5 C against 900 ml of sterile distilled water
for a period of 18 hr; the material remaining in the
casing was then discarded. To the dialysate, 10 g of
glucose and 5 g of ammonium sulfate were added.
The medium was distributed in 200-ml amounts in
heavy-duty 500-ml Ehrlenmeyer flasks and autoclaved
at 121 C for 12 min. After cooling, 1.0 ml of a poly-
vitamin solution containing biotin, choline, folic acid,
nicotinamide, pantothenic acid, pyridoxal, thiamine,
and riboflavine (BME Vitamin Mixture 100 X , Micro-
brological Associates, Bethesda, Md.) was added to
each 100 ml of medium.

Yeast-phase cultures of each strain were prepared
by inoculating the flasks with 5 ml of a stock suspen-
sion of yeast cells, and incubating at 35 C with con-
stant agitation on a Gyrotary shaker (New Brunswick
Scientific Co., New Brunswick, N.J.), at 103 strokes
per minute. The stock suspension of yeast cells was
prepared by transferring the growth from a 7-day-old
yeast-phase culture on Kelley's medium to 200 ml of
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the broth culture medium and incubating for 1 week
on the Gyrotary shaker at 35 C. For the preparation
of mycelial-phase cultures of each strain, the growth
from a 2-week-old Sabouraud’'s agar slant was sus-
pended in saline, homogenized in a Waring Blendor
for 5 min, transferred to a flask with 200 ml of broth
medium, and placed on the shaker at 22 C for 1 week.,
Amounts of 5 ml of this culture were inoculated into
each of the flasks containing 200 ml of broth medium
and incubated on the shaker at 22 C.

After 4 weeks of incubation, both the veast- and
mycelial-phase cultures were checked for the absence
of contamination and uniformity of growth phase: for
each strain, those cultures free from contamination
were pooled, and Formalin was added to a final con-
centration of 0.597. The cultures were then stored for
2 days at 5 C with occasional shaking. The cellular
elements were removed first by centrifugation at 1 400
X g n the case of the yeast-phase cultures, and by
filtration through coarse filter paper for the mycelial-
phase cultures. The culture fluids obtained were then
passed through 0.45-x filter pads (Millipore Corp.,
Bedford, Mass.), and dialyzed against distilled water
for 2 days at 5 C with four daily water changes, after
which the dialyzed filtrates were reduced to one-tenth
the original volume by fan perevaporation. Sodium
chloride (0.859;) was then added, the filtration was
repeated, and the filtrates were stored in the cold with
Merthiolate added to a final concentration of
1:10,000. A control sample of uninoculated broth was
processed in an identical manner. Equal volumes of
the concentrated filtrate from the mycelial-phase of
each strain were pooled, and a pooled yeast-phase
culture filtrate was similarly prepared. Prior to frac-
tionation procedures, the pooled filtrates were tested
for skin reactivity in infected guinea pigs during the
Tth week after inoculation.

Preparation of ethyl alcohol-piecipitated fractions of

culture filtrates. Pooled mycelial- and yeast-phase
filtrates that evoked in infected guinea pigs indurated
areas exceeding 10 mm in diameter were extracted by
precipitation with 5 volumes of ethyl alcohol accord-
ing to the techniques described by Pappagianis et al.
(24) for the preparation of a polysaccharide fraction
from Coccidioides immitis. The fractions obtained will
hereafter be referred to as “EPF” (ethyl alcohol-
precipitated iractions). Each precipitate was dried and
stored in vacuo in a desiccator jar. Samples (5 to 10
mg) of each EPF were further extracted by the chloro-
form-amyl alcohol method of Sevag (31), and the
aqueous and chloroform phases were separated by
means of a separatory funnel. Both the aqueous phase
and the chloroform-amyl alcohol phase were evapor-
ated to dryness, and the residue was stored in vacuo in
a desiccator jar. For skin testing, weighed quantities
ol the dried residues were dissolved in sterile buffered
Merthiolate-saline. For all analytical procedures, frac-
tions were dissolved in distilled water.

Analytical methods. Total nitrogen was determined
by the Kjeldahl-Nessler method as described by Sei-
bert and Affronti (29), and total phosphorus, by the
method of Fiske and Subbarow (12). The ultraviolet-
absorption curve at 260 and 280 myg was determined

with a Beckman automatic spectrophotometer. Re-
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ducing sugars were estimated by the anthrone method
as modified by Seibert and Affronti (30) with glucose
or galactose as a standard. Pentoses were determined
by the Bial reaction as described by Kabat and Mayer
(17), and hexosamines, by the Dische and Beren-
freund method (7). N-acetyl-amino sugars were esti-
mated by the method of Reissig, Strominger, and

- Leloir (26). Constituent monosaccharides were identi-

fied by one-dimensional paper chromatography.
Samples ranging from 1 to 50 mg were hydrolyzed
with 2 N HCI for 90 min at 58 C, evaporated to dry-
ness, redissolved in distilled water, and brought to
dryness three times over NaOH. The hydrolysates
were redissolved in minimal amounts of water and
filtered through Millipore pads to remove charred
material. Both ascending and descending chromato-
grams were run on Whatman no. 4 paper at room
temperature. Three different solvent systems were
used: 1sopropanol-water (160:46): phenol-water-
ammonia (160:40:1); and ethyl acetate-pyridine-
water (120:50:40). Quantitative determinations of
monosaccharides were carried out after localization
ol the sugar spots by eluting parallel sugar areas ac-
cording to the techniques of Putnam (25) and Zamora,
Bojalil, and Bastarrachea (33).

For the determination of amino acids, 5-mg samples
of the EPF were hydrolyzed in 6 ~ HCI for 18 hr at
110 C and evaporated to dryness. Residual HCl was
removed as described above, and amino acids
were identified by one- and two-dimensional chro-
matograms by use of 10 wliters of the hydrolysate.
Two solvent systems were used: butanol-acetic acid-
phenol (120:30:50), and phenol-ethyl alcohol-ammo-
nia-water  (150:40:1:10); chromatograms  were
developed with ninhydrin as described by Smith (32).

Sensitization of guinea pigs. Albino male guinea
pigs weighing 500 to 600 g were used for all experi-
me1 ts. Each animal was tested on arrival for natural
sensitization with undiluted mycelial- and yeast-
phase culture filtrates, and only animals with negative
reactions were used for subsequent sensitization and
skin-testing. Sensitization was accomplished by in-
fecting the animals with suspensions of live yeast-phase
cells. For P. brasiliensis, each guinea pig was inocu-
lated intratesticularly with a broth suspension of viable
yeast-phase cells in two doses of 0.5 ml each, given at
10-day intervals; each dose contained 7.2 X 105 viable
units. To investigate cross-reactivity, other animals
were infected with H. capsulatum by intraperitoneal
inoculation of 10° viable yeast particles, and with
Sporotrichum schenckii by intratesticular inoculation
ol 2 X 107 viable yeast-phase particles in a single dose.

Skin tests on guinea pigs. All animals infected with
P. brasiliensis were skin-tested during the 7th week
after the last inoculation, and animals infected with
H. capsulatum and S. schenckii were tested 4 weeks
after inoculation by intradermal injection of 0.1 ml
into the skin of the previously shaved abdomen.

For the EPF, weighed quantities were dissolved in
buffered, Merthiolate-saline; the quantities given in
the test and tables represent the amount of EPF in
the 0.1-ml skin-test dose.

Twenty-five guinea pigs infected with P. brasiliensis
were divided into five groups of five each and skin-
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tested with the following materials. Group I: mycelial
filtrate of P. brasiliensis undiluted and in doubling
dilutions and up to 1:32. Group II: yeast-phase fil-
trates of P. brasiliensis similarly diluted. Group III:
mycelial-phase EPF of P. brasiliensis in varying doses
up to 500 wug, and undiluted mycelial filtrate. Group
IV: yeast-phase EPF of P. brasiliensis in varying doses
up to 300 ug and undiluted veast-phase filtrate. Group
V: mycehal- and yeast-phase EPF of P. brasiliensis
before and after extraction with chloroform-amyl
alcohol, in amounts of 200 ug (per 0.1 ml.), and the
material extracted by the chloroform-amyl alcohol
[rom both the mycelial- and yeast-phase EPF, m
amounts of 50 to 200 ug. In testing for cross-reactivity,
five guinea pigs infected with P. brasiliensis. five
infected with H. capsulatum, and five infected with S.
schenckii were all tested with the mycelial- and vyeast-
phase culture filtrates undiluted and diluted 1:4, and
with 100 ug each of the mycelial- and yeast-phase EPF
of P. brasiliensis. The animals infected with P. brasi-
liensis were additionally tested with histoplasmin
(Parke-Davis & Co. Detroit, Mich.) diluted 1:10 and
1:30, and with sporotrichin undiluted and diluted
1:50 |The sporotrichin used was the same material
employed by Schneidau et al. (28) in their skin-test
survey ol Louisiana residents.] S. schenckii-infected
animals were teSted with sporotrichin, and H. capsula-
tum-infected animals, with histoplasmin, in the same
dilutions employed in testing the P. brasiliensis-
infected guirea pigs. Controls consisted of 10
uninfected guinea pigs tested with the highest con-
centrations of each of the materials employed in the
test series. As an additional control, all infected ani-
mals were tested with 0.1 ml of the uninoculated
broth, dialyzed and concentrated in the same manper
as the culture filtrates.

Skin-tests on human volunteers. A total of 65 indi-
viduals were skin-tested with 0.1 ml of a 1:100 dilution
of the mycelial- and yeast-phase culture filtrates of
P. brasifiensis and with a 1:100 dilution of histo-
plasmin. Eighteen positive reactors to histoplasmin
and 20 nonreactors were further tested with 10 ug each
of the mycelial- and yeast-phase EPF.

RESULTS

Chemical analysis. The precipitates which were
readily obtained from the mycelial and vyeast
filtrates, on the addition of 5 volumes of ethyl
alcohol, were soluble in saline or distilled water
and were tan in color. Yields ranged from 250 to
400 ug/ml. Attempts to obtain precipitates from
uninoculated broth medium were unsuccessful.
The supernatant fluid remaining after removal of
the precipitate was nonreactive in sensitized
amimals, and failed to vield more precipitate
when additional quantities of ethyl alcohol were
added.

Results of chemical analyses of the precipi-
tated materials are presented in Table 1. The
fractions were ninhydrin-positive and contained
2 to 49, nitrogen. The ultraviolet-absorption
curve failed to show peaks in the regions corre-
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TaBLE 1. Analysis of Paracoccidioides brasiliensis
ethyl alcohol-precipitated fractions

! Per cent
| e
Fraction from | Yield . loiths l]im-,_ | e
| N |substances ?"“:5 | t‘m_,
| i[:inthrnnw' Ci:l:ij | Plorus
e st SRt
Mycelial cul- | | |
ture fil- | ‘ |
frate.....00 300 270396 1 8.20] 16D
Yeast cul- g '
ture fil- !
trate....... 360 |3.90 | 28.90 | 6.24 | 0.80

sponding to protein or nucleic acids. Chromato-
grams of acid hydrolysates of both fractions re-
vealed what appeared to be a polypeptide. The
following seven amino acids were detected: leu-
cine, methionine, alanine, glutamic acid, serine,
threonine, and glycine. No significant difference
in the values obtained for reducing substances
was noted when galactose was used as a standard
instead of glucose.

Chromatographic analysis of acid hydrolysates
of both the mycelial-phase EPF and yeast-phase
EPF revealed the presence of glucose, galactose,
arabinose, and glucosamine. N-acetyl-amino
sugars were not detected either by chromatog-
raphy or by quantitative techniques. Quantitative
determination carried out on eluates from paired
chromatographic spots revealed differences in the
distribution of the component monosaccharides
of the mycelial-phase EPF as compared with the
veast-phase EPF (Table 2). Hexosamine figures
were very low. Extraction of solutions of the
ethyl alcohol-precipitated fractions with chloro-
form-amyl alcohol according to the method of
Sevag reduced the nitrogen percentage from 2.3 to
0.69 in the mycelial-phase EPF and from 2.6 to
0.3 1n the yeast-phase EPF. Most of the nitro-
gen could be accounted for in the chloroform
phase. A considerable proportion of the reducing
substances was also removed along with the
nitrogen by the chloroform extraction (Table 3).

Animal rests. In all animals tested, dermal reac-
tions to the test material began at 6 hr, with dif-
fuse edema and little or no erythema. At 24 hr, the
reactions reached their peak, showing a well-de-
fined zone of redness and induration, with tissue
necrosis in some cases. At 48 hr, the intensity of
the reactions had greatly diminished, although in
some instances the induration persisted for longer
periods of time. Positive reactions (induration)
ranged from 5 to 20 mm in diameter.
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TABLE 2. Analysis of chromatographically
separated components of Paracoccidioides
brasiliensis ethyl alcohol-precipitated

fractions
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TABLE 4. Comparison of skin reactions observed in guinea pigs® infected with Paracoccidioides brasiliensis
when tested with ethyl alcohol-precipitated fractions of P. brasiliensis culture filtrates before
and after extraction with chloroform-amyl alcohol

|
| Per cent

Fraction from |

Glucose |Galactoge| ATabi- | Glucos-

| nose amine - Total
Mycelial cul- |
ture fil- | |
g L RS SRS 3.52135.20 | 4.87 |12.12 | 45.19
Yeast culture '
filtrate. . . .. 19.70

6.50 : 10.20 I 2.43 | 0.57

TABLE 3. Analysis of the ethyl alcohol-precipitated
fractions from Paracoccidioides brasiliensis
culture filtrates before and after
extraction with chloroform-amyl
alcohol

Reducing

Nitr o e
ogen (%) ‘ substances (7;)

|
Fraction tr:-slm:l; nxlir:::{;li'un ul ut-j;:llf:ﬂnn
| Before | T T R s D
extrac- y extrac- '
ton | water 'LIE'I{!.?rmu— | tion g .. .Efl%l!l]rﬂ.
phase phase | pRie pﬁ-:rl.gl
. | _I. S E—
Mycelial ‘ |
BPE. Pl 6 [ | 50 | 20 21
YEAST ' , ! i '
EPF... .. 2.6 ‘ 0.3/2.6 | 30 | 16| 11

T'he uninfected animals in the control groups
did not react to any of the test materials, and none
of the infected guinea pigs was sensitive to the
uninoculated control broth.

Results of skin tests done on animals infected
with P. brasiliensis with culture filtrates and with
EPF showed that there was no significant differ-
ence in reactivity between the mycelial and yeast
phases for either the culture filtrates or the EPF.
The highest dilution of either culture filtrate
capable of evoking a positive reaction was 1:4,
and the least amount of either the mycelial- or
}reast;phase EPF required to evoke a positive
reaction was 100 ug. Solutions of EPF with
greatly reduced nitrogen content after treatment
with chloroform-amyl alcohol lost practically all
of their reactivity, whereas that portion that could
be recovered from the chloroform-amyl alcohol
mixture retained almost as much reactivity as was
originally exhibited by the EPF prior to extrac-
tion. (Table 4).

Animals infected with H. capsulatum cross-

Mycelial-phase EPF

Yeast-phase EPF

After extraction After extraction
Animal no. SERIFIE I 0. T
Belore extrac- . T Before extrac- .

tion (200 ug) Kiatak ohae | Chloroform phase tion |2:HI 48) | Water e Chloroform phase
(200 ug) iR 4 (200 ug) . 13

200 ug M ug 2000 ug 50 ug
1 107 0 10 . 8 0 8 5
2 14 " N 0 12 0 10 8
3 12 0 B 3 12 2 8 6
4 15 3 10 8 10 2 ] 6
5 12 0 12 8 10) () 10 5

= Animals tested at 7th week postinfection.

b Figures indicate diameter of induration in millimeters.

TasLe 5. Cross-reactions among guinea pigs infected with Paracoccidioides brasiliensis, H istoplasma
capsulatum , and Sporotrichum schenckii rested with homologous and heterologous filtrates
and with the ethyl alcohol-precipitated fractions prepared from P. brasiliensis culture
filtrates

Test material” ! H. capsulatum

2 | 3 4

Histoplasmin
L 1 e A et Sl MR b o

Ri . ., BRIl e Y . D
Sporotrichin '

Undiluted...................|]— | —|—|—|

Y, T O SR ET SR by 1B (TR
P. brasiliensis MF f '

undiluted . .

i . sdsiay
P. brasiliensis YF

Undiluted. . . .

AN L,
P. brasiliensis MEPF 100 ug ..
P. brasiliensis YEPF 100 ug

= =l
= =]
= M
= ==l

= h 0D =]
e I e e

o L R

= L O Ly

Animals infected with
il

5. schenckii P. brasiltensis

§alodnk J-1..8.0.9 |- %4 -13}:82 13[14|15
= - S PR WESRTE.E1 e
i
5 — 1l ol 0}.0l.01%1.8
§ [~ 0ofofo0|0|o0
-1zl 9| 9lwe]sol ol ol a1 61l s
TdoboBd-51 &1 0.1-0 Lk 64 0
oy B
5| 65| §| 9| 7|110|10|10112]10
o040 hi® LD :0 V7.1 T Ll 013
1 218
s/o0o/loj{o0o|lo0o|lo0| 9| 9|10 7]|10
810l WL 01 0 LAL 5] Sland 51 &
STgl ool BRES Lt ST 413
ot ol el 0t 01T sl 8T

* Animal number.
¢ Induration at 24 hr 1n millimeters.

reacted with the undiluted mycelial- and yeast-
phase culture filtrates and mycelial phase EPF
of P. brasiliensis, whereas, in the group of animals
infected with S. schenckii, cross-reaction was
limited to the undiluted mycehal hitrate of P.
brasiliensis. Animals infected with P. brasiliensis
did not cross-react with either histoplasmin or
sporotrichin in the concentrations tested (Table
5).

|
I
|
¢« MF: mycelial filtrate; YF: yeast filtrate; MEPF, YEPF: mycelial and yeast phase EPF, respectively.

Tests on human volunteers. Of the 65 human
volunteers tested with the mycelial- and veast-
phase filtrates of P. brasiliensis and with histo-
plasmin, 18 gave reactions of 5 mm or more to
histoplasmin and 12 of these reacted to the P.
brasiliensis filtrates. When the positive histoplas-
min reactors were further tested with P. bra-
siliensis, mycelial- and yeast-phase EPF, eight
reacted positively to both fractions (Table 6).
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TABLE 6. Skin reactivity of histoplasmin-positive
individuals 1o Paracoccidioides brasiliensis
culture filtrates and ethyl alcohol-
precipitated fractions

P, brasiliensis

Histo- | ¢
No. | slaem | seyostel | Yeu | =

; “ 1 hltrate filtrate

i | (1:100) (1:100) | Mycelial Yeast

: , (M) ) (10 ug)

3 | P,
R . e (0 | N N N
2 ‘ 6 N kN N
3 | 6 N N N N
4 [ 10 | AT N N
0 i o T e | N N
¢ -5t N N N | N
7 8 N & N a0
i EXE 6 5 N N
9t fool s N N N
10 6 | §] ‘ N N N
11 12 o, SR 10 | 12 3.
12 ¥ 15 5 12 0
13 12 - 5 g 3
14 14 16 5 7 8
15 15 | 12 " [ 10 9
16 16 /| 5 | 8 10
17 20 | 15 L e | 10
18 30 B b | 5 30 20

* Results are expressed as induration at 24 hr
in millimeters. N = negative (<5 mm).

Only 1 of 47 histoplasmin-negative individuals
tested gave a positive reaction to any of the P.
brasiliensis test materials.

DiscussioN

The difficulties experienced in growing P.
brasiliensis in a liquid, defined medium could
explain the paucity of reports dealing with the
biological activities of its fractions. The dialyzed
culture medium described in this paper has
proven to be a valuable tool in investigations
which require luxuriant growth of both phases of
the fungus. It also has the advantage of being
nonantigenic when used in an intradermal test, as
shown by animal experiments.

Crude mycelial and yeast filtrates have been
used alternatively and sporadically to detect
sensitivity to the agent of South American blasto-
mycosis (1, 4, 13, 14, 19, 22) without definite con-
clusions as to the relative advantages of one
preparation over another. In our experiments, no
significant difference was noted between the ac-
tivity of mycelial-phase and yeast-phase prepara-
tions for either culture filtrates or the EPF, indi-
cating that either growth form could be employed
with equal effectiveness. Both the culture fil-
trates and the EPF elicited dermal reactions that
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reached their maximum at 24 hr and faded
gradually thereafter. Similar 24-hr reactions have
been noted by other investigators who have
studied human skin sensitivity to fungal antigens
(6, 11, 28). Although both the EPF and the
culture filtrates have comparable results, the
EPF should be the material of choice for skin
testing, since the use of guantitated amounts of
a more chemically defined product, in addition
to rendering the results more reproducible,
would permit a more valid comparison between
studies carried out by different investigators.

The lack of reactivity to P. brasiliensis test
materials observed in histoplasmin-negative in-
dividuals, and the fact that histoplasmin-positive
persons exhibiting reactions of 10 mm or larger
did react to these materials in an area where South
American blastomycosis is absent, indicate cross-
reactivity between the two fungi, a finding which
was anticipated as a result of the tests carried out
In guinea pigs with heterologous antigens (Table
5). There appears to be a considerable difference
in the degree of hypersensitivity observed in
guinea pigs as compared with humans. In guinea
pigs, positive reactions were obtained with culture
filtrates in dilutions not higher than 1:4 and with
the EPF with a skin-test dose not less than 100 ug,
whereas, in the histoplasmin-positive humans
tested, reactions to the P. brasiliensis culture
filtrate were observed with dilutions as high as
1:100 and with the EPF in doses as low as 10 ug:
similar amounts of skin-test materials have given
sizeable reactions in a small number of patients
with active South American blastomycosis tested
by one of the authors in Medellin, Colombia.
Thus, the ratio of the sensitivity of humans as
compared with that of guinea pigs was approxi-
mately 10:1 or greater in our experiments, which
might explain why only minimal or negative
reactions were observed for the P. brasiliensis
fractions tested in histoplasmin-positive guinea
pigs. The cross-reactions observed in histo-
plasmin-positive human subjects emphasize the
necessity of testing with other heterologous
antigens before attempting to interpret the sig-
nificance of a positive skin test to paracoccid-
1o1din.

The ethyl alcohol-precipitated fractions ex-
tracted from the mycelial and veast filtrates of
P. brasiliensis were chemically similar, containing
the same seven amino acids and the same three
monosaccharides. Although the ratios for the
three sugars were quite different for the mycelial-
phase EPF, as compared with the yeast-phase
EPF, no significant difference in skin reactivity
was observed. The finding that both mycelial-
phase EPF and yeast-phase EPF contain signifi-
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cant amounts of nitrogen was to be expected in
view of the studies of Salvin et al. (27), Marko-
witz (23), and Zamora et al. (33), who have
shown that skin-reactive substances isolated from
fungi such as H. capsulatum, B. dermatitidis,
C. immitis, Nocardia asteroides, and N. bra-
siliensis contain nitrogen incorporated in the
carbohydrate fraction in the form of protein or
polypeptides. It does not seem likely that the
nitrogen in our fractions represents protein, in
view of our inability to detect protein by either
ultraviolet spectrophotometry or conventional
chemical procedures. The fact that only seven
aliphatic amino acids were present in the frac-
tions suggests a polypeptide as the source of the
nitrogen.

The chemical determinations and skin tests
carried out with mycelial- and yeast-phase EPF
before and after chloroform extraction indicate
that most, if not all, of the skin reactivity resides
in the chloroform phase, which also retained most
of the nitrogen. This is in accord with the findings
of Pappagianis et al. (24) and of Dyson and
Evans (9) with polysaccharides from C. immiris
and B. dermatitidis, respectively. It is interesting
to note that in our studies the nitrogen-containing
chloroform phase carried along a substantial part
of the reducing substances, suggesting a strong
chemical link between the carbohydrate and the
peptide portions of the active moiety. Presum-
ably, some reducing sugars were bound to the
nitrogen-containing substances and were ex-
tracted with them; thus, it seems likely that the
bulk of the nitrogen represents a glycopeptide,
and that the glycopeptide is the material primarily
responsible for the skin reactivity. It is postu-
lated that the peptide is linked to the polysaccha-
ride in such a fashion as to constitute the “deter-
minant” portion, whereas the polysaccharide
would represent just the “core” of the moiety.
Studies by Barker et al. (3) with a glycopeptide
isolated from Trichophyton mentagrophytes lend
credibility to this postulate. By chemical means,
these authors were able to show that degradation
of the carbohydrate part of the glycopeptide
caused reduction in the immediate type reactions,
whereas a degradation of the peptide caused a
loss of delayed-type reactivity. Similar observa-
tions have been reported with blood-group
substances (15).
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