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Two highly purified peptido polysaccharide antigens have been isolated from
surface-grown cultures of Trichophyton mentagrophytes var. granulosum. Tri-
chloroacetic acid extraction and ethanol precipitation yielded a mixture contain-
ing high-molecular-weight components which were first separated on Sephadex
G-200. Subsequent fractionation by ion-exchange chromatography on DE-52-
cellulose (borate form) yielded the two peptido polysaccharides. Both of the
peptido polysaccharides reacted with rabbit antiserum to T. mentagrophytes
var. granulosum. The two peptido polysaccharides contain 73.2% hexoses (man-
nose-galactose-glucose, 7.5:0.7:1), 8.6% amino acids and 1.8% amino sugars and
77.4% hexoses (mannose-galactose-glucose, 9:0.3:1), 6.2% amino acids, and 0.4%
amino sugars, respectively. Each contains 16 different amino acids, threonine,
proline, and serine predominating.

A considerable amount of work has been di-
rected toward the isolation of antigenic compo-
nents from dermatophytes beginning with the
studies of Bloch et al. in 1925 (7). In the early
investigations, emphasis was on the "tricho-
phytin" activity of crude polysaccharide-con-
taining extracts.
More recently, three groups have been active

in preparing purified glycopeptide and polysac-
charide antigens from dermatophytes with a
view toward a better understanding of the rela-
tionship between antigenic structure and im-
munological reactivity. In 1962, Barker et al.
(2) isolated a galactomannan peptide from sub-
merged cultures of Trichophyton mentagro-
phytes by ethylene glycol extraction, followed
by fractional precipitation with Cetrimide (ce-
tyltrimethyl ammonium bromide) from a bo-
rate solution of increasing pH. Later studies
showed that this glycopeptide could be further
fractionated (1). No immunochemical criteria of
purity were used in their investigations. Their
galactomannan peptides elicited both immedi-
ate and delayed-type cutaneous hypersensitiv-
ity reactions in sensitized guinea pigs. In subse-
quent studies, such glycopeptide mixtures
from T. mentagrophytes, T. rubrum, T.
schoenleinii, Microsporum canis, Keratino-
myces ajelloi, and Epidermophyton floccosum
showed considerable similarities in elicitation
of dermal reactivities of guinea pigs sensitized
by immunization (3).

Bishop and Blank et al. directed their ef-
forts to the preparation and chemical character-
ization of purified polysaccharides from nine

species of dermatophytes (4-6, 13). Their isola-
tion techniques included tryptic digestion and
extraction with hot, dilute alkali. Three poly-
saccharides, two galactomannans (I and II) and
a glucan, were isolated and purified from each
species. These were studied immunochemically
and compared according to serological reactivi-
ties by Grappel et al. (13, 14). The polysaccha-
ride preparations were highly purified but did
not elicit hypersensitivity reactions in guinea
pigs sensitized by infection (20).
Nozawa et al. (18) isolated polysaccharide-

peptide complexes from T. mentagrophytes by
extraction with phenol. Separation by gel fil-
tration and diethylaminoethyl-cellulose col-
umn chromatography resulted in seven frac-
tions. All but one minor fraction were shown to
be heterogeneous by immunoelectrophoresis.
The biological activity of the purified compo-
nent was not reported.
The present investigation was initiated due

to the need for homogeneous antigens for stud-
ies on the specificity of hypersensitivity reac-
tions (trichophytin reactions) associated with
dermatophytosis and their relationship to re-
sistance.

MATERIALS AND METHODS
Preparation of mycelium. T. mentagrophytes var.

granulosum was grown in surface cultures at room
temperature for 21 to 40 days. The medium consisted
of 4% maltose (technical), Pfanstiehl, 1% neopep-
tone, Difco Manufacturing Co., Detroit, Mich.,
0.05% yeast extract, Difco, 0.001% thiamine, and
0.005% inositol.
The fungal mats were harvested by filtration,
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thoroughly washed with water, pressed free of ex-
cess water, and stored at -20°C until extracted.

Extraction. The method of Boivin and Mesro-
beanu (8) was used to extract the washed fungal
mats. A 600-ml volume of 0.5 N trichloroacetic acid
was added to 200 g (wet weight) of mycelia at room
temperature. After 30 min, 600 ml of distilled water
was added. The mixture was stirred, left at room
temperature for 24 h with occasional stirring, and
then filtered. A clear yellow extract was obtained,
to which 5 volumes of ethanol (95%) was added. The
white precipitate which had formed after 48 h at
room temperature was collected by centrifugation.
It was washed three times with ethanol and once
with diethyl ether and allowed to dry. Finally, the
precipitate was dissolved in distilled water, centri-
fuged to remove insoluble material, and lyophilized.

Gel filtration. A column (2.6 by 100 cm) of Sepha-
dex G-200 (Pharmacia, Uppsala, Sweden) was equil-
ibrated with phosphate buffer (0.05 M, pH 7.8) con-
taining 0.02% sodium azide. The crude extract (500
mg/5 ml of buffer) was applied to the column. The
column was eluted with the same phosphate buffer,
and the eluate was collected in 13-ml portions which
were monitored by ultraviolet absorbance at 280 nm.
Protein was also measured by the method of Folin-
Ciocalteau at 750 nm (15). The sugar content of
eluates was determined by the phenol-sulfuric acid
method at 480 nm (10). Two fractions, A and B, were
obtained. Each fraction was exhaustively dialyzed
against distilled water at 40C and then lyophilized.

DE-52-cellulose ion-exchange chromatography.
A column (2.6 by 40 cm) of DE-52-cellulose, micro-
granular (Whatman Biochemicals, Ltd., Maidstone,
Kent, England), borate form, was prepared using 8
to 10 column volumes of a 0.5 M sodium borate
solution. Distilled water (4 column volumes) was
used to remove any unbound borate (16). A sample
(100 to 200 mg) of fraction A was then applied to the
column. The column was first eluted with distilled
water to remove any unbound components of frac-
tion A. It was then eluted using a stepwise increase
in borate concentration from 0.1 to 0.5 M, pH 9.1 to
9.2. Fifty tubes (12 to 15 ml per tube) were used for
each step. Finally, the column was eluted with 0.1 M
acetate buffer, pH 5.0. The eluates were monitored
by ultraviolet absorbance at 280 nm and by the
phenol-sulfuric acid method at 480 nm (10). A total
of five fractions was obtained. They were each ex-
tensively dialyzed against distilled water at 40C and
were lyophilized.
Immunochemical methods. Antiserum to T. men-

tagrophytes var. granulosum was prepared in adult,
male New Zealand strain rabbits. Rabbits were
given four weekly injections, intramuscularly, of 25
mg of powdered acetone-killed mycelium in Freund
complete adjuvant. They were bled by cardiac punc-
ture 7 days after the last injection.
The immunodiffusion method of Ouchterlony

(19), the immunoelectrophoresis method as modified
by Scheidegger for microscope slides (21), and a
modification ofthe two-dimensional immunoelectro-
phoresis method of Laurell using glass plates (50 by
50 mm) (9) were used for analyses of antigenic com-
ponents.

Disc electrophoresis. Standard polyacrylamide
gels (7%, pH 9.5) were run in tris(hydroxyme-
thyl)aminomethane-glycine buffer in a Canalco disc
electrophoresis unit according to the standard
method (Canal Industrial Corp., Bethesda, Md.).
Large sample sizes (4 to 5 mg/gel) were used due to
the high sugar and low peptide content of the ex-
tracts. Gels were cut in half longitudinally and
stained for protein with amido black and for sugar
with periodic acid-Schiff reagent.

Chemical constituents. Total hexose was mea-
sured by the phenol-sulfuric acid method (10) with
mannose as standard. Both qualitative and quanti-
tative analyses of the neutral sugars were done by
paper chromatography. Samples ofthe fractions (6.0
mg) were hydrolyzed in dilute sulfuric acid (2 ml, 2
N) under nitrogen for 6 h at 105°C. The reaction
mixture was neutralized with saturated aqueous
barium hydroxide. The precipitated barium sulfate
was removed by centrifugation, and the supernatant
was lyophilized. The hydrolysates were analyzed by
descending paper chromatography (Whatman no. 1)
using the Fischer-Nebel solvent system (11). Stand-
ards of galactose, glucose, mannose, xylose, rham-
nose, and fucose were run with the hydrolysates.
The chromatograms were dried and visualized with
aniline phthalate.
The amount of each hexose was measured by elut-

ing the aniline phthalate spots with 2 ml of 0.7 N
hydrochloric acid in 80% ethanol (vol/vol) and by
determining their absorbance at 390 nm. An eluate
of the sprayed, unspotted chromatogram was used
as a blank. Results were compared to standards
made with galactose, mannose, and glucose of
known concentration (22) and were found to be
highly reproducible.

Samples for amino acid analyses were hydrolyzed
in 6 N hydrochloric acid for 24 h at 110°C in de-
gassed, sealed ampoules. The hydrochloric acid was
removed by evaporation in a Buchi flash evaporator,
and the samples were dissolved in citric acid buffer,
pH 5.24. They were analyzed on a Beckman 120C
automatic amino acid analyzer.

Lipid analysis. The quantity of fatty acid esters
was determined by the hydroxylamine method (17),
using methyl stearate as the standard.

Elemental analysis. The analyses for C, H, N, 0,
P, and B were done by Schwarzkopf Microanalytical
Laboratory, Woodside, N.Y.

RESULTS
A flow chart showing the products of each

step in the extraction and purification proce-
dures is given in Fig. 1. The crude extract
contained a relatively small number of compo-
nents when analyzed by immunodiffusion, im-
munoelectrophoresis, and two-dimensional im-
munoelectrophoresis.

Disc electrophoresis did not prove very useful
for analysis of the components of the crude
extract. They remained for the most part as a
broad band at the top of the separating gel.
Figure 2 shows the immunoelectrophoretic pat-
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T. mentagrophytes var. granulosum lycelia
(200g wet weight)

TCA Extraction
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Crude Extract
(800-900mg)

500 mg of Crude Extract
on Sephadex G - 200.
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(248 mg)
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100 mg of Fraction A on
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FIG. 1. Extraction and purification of the peptido polysaccharide antigens from T. mentagrophytes var.
granulosum.

tern obtained. Three components were detected
with the antiserum to T. mentagrophytes var.
granulosum. Two-dimensional immunoelectro-
phoresis also revealed three components, two of
which migrated toward the anode.
The first step in the separation of the crude

extract on a Sephadex G-200 column is shown
in Fig. 3. Fraction A, which was eluted in the
volume corresponding to the void volume of the
column, was the major fraction, containing the
bulk of the trichloroacetic acid-extractable ma-
terial. These components had a molecular
weight of at least 200,000, as determined by gel
filtration, and contained both carbohydrate and
peptide. A smaller fraction of lower molecular
weight, fraction B, was also eluted.

Disc electrophoresis of fraction A showed two
strong polysaccharide bands with two corre-
sponding faint protein bands. With a similar
sample size on the gel, fraction B stained only
faintly for sugar and protein at the top of the
separating gel.
Whereas immunodiffusion analyses with

rabbit antiserum to T. mentagrophytes var.
granulosum revealed several antigenic compo-
nents in fraction A, fraction B did not react well
with this antiserum.

Since some polysaccharides form borate com-
plexes at pH 9 to 10 (12), further fractionation of
fraction A was carried out on a DE-52-cellulose
column, borate form. Figure 4 shows the step-
wise elution of three fractions with increasing
borate concentration at pH 9.1 to 9.2. The
amounts of the minor fractions eluted with 0.2
M and 0.3 M sodium borate varied consider-
ably. They were pooled and referred to as frac-
tion 2. When no further material could be
eluted at the highest concentration of sodium
borate, 0.5 M, the eluent was changed to ace-
tate buffer, pH 5.0. Two additional fractions
were obtained, fractions 4 and 5.
The major fractions, designated as 3 and 5,

appeared to be highly purified and similar in
reactivity with antiserum to T. mentagro-
phytes var. granulosum. Both fractions had a
molecular weight of at least 200,000, as deter-
mined by gel filtration. Figure 5 shows precipi-
tin lines of identity obtained with fractions 3
and 5 prepared by extraction and purification of
three different lots of mycelia. As shown in Fig.
6, single precipitin arcs ofsimilar mobility were
obtained with each of the fractions.
A mixture ofequal amounts of fractions 3 and

5 at a concentration of 2 mg/ml, when subjected
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FIG. 2. Immunoelectrophoretic pattern of the crude extract. Top well: crude extract, 10 mg/ml. Trough:
rabbit antiserum to T. mentagrophytes var. granulosum. Bottom well: crude extract, 5 mg/ml.
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FIG. 3. Elution profile of the crude extract on Sephadex G-200. Tube volume, 13 ml. Fractions are
indicated by A and B.

to immunoelectrophoresis, also gave a single of the precipitin arcs could indicate a certain
precipitin arc with the rabbit antiserum to T. degree of heterogeneity.
mentagrophytes var. granulosum, further indi- Two-dimensional immunoelectrophoresis
cating similarities in the antigenic determi- also showed a single precipitin arc for the puri-
nants and mobilities of these two fractions. fied fractions. The precipitin arc formed close to
These fractions were not contaminated with the point of origin since these fractions do not

other antigens. However, the shape and length migrate toward the anode.
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FIG. 4. Elution profile of fraction A on DE-52 cellulose (borate form). Distilled water: tubes 1 to 50.
Sodium borate: 0.1 M, pH 9.1 to 9.2, tubes 51 to 100; 0.2 M, tubes 101 to 150; 0.3 M, tubes 151 to 200; 0.5 M,
tubes 201 to 250. Acetate buffer, pH 5.0: tubes 251 to 300. Fractions are indicated by number. Tube volume, 12
to 15 ml.

FIG. 5. Immunodiffusion analysis offractions 3 and 5. Wells: (1) saline; (3), (5) fraction 3, 2 mg/ml; (2),
(4), (6) fraction 5, 2 mg/ml.

The elemental analyses as well as the total
carbohydrate and amino acid contents of frac-
tions 3 and 5 are given in Tables 1 and 2.
The constituent sugars for each fraction were

mannose, galactose, and glucose. They were
present at ratios of 7.5:0.7:1 and 9:0.3:1 in frac-
tions 3 and 5, respectively. Fraction 3 had a

higher amino acid and amino sugar content
than fraction 5. The quantities, relative to leu-
cine, are given in Table 3. Both fractions con-
tained the same amino acids, the threonine,
proline, serine, and methionine values being
higher in fraction 3 and the tyrosine value
being higher in fraction 5.
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FIG. 6. Immunoelectrophoretic analysis offractions 3 and 5. Top well: fraction 3, 2 mg/ml. Trough: rabbit

antiserum to T. mentagrophytes var. granulosum. Bottom well: fraction 5, 2 mg/ml.

TABLE 1. Elemental analyses of the purified peptido
polysaccharidesa

Element Fraction 3 Fraction 5

C 38.12 + 0.6 36.38 ± 0.6
H 6.35 t 0.02 6.17 t 0.02
N 1.84 ± 0.16 1.53 ± 0.2
0 50.49 ± 2.2 43.55 ± 2.2
B 0.15 0.40
P 1.22 0.35
Ash 6.2 ± 1.1 11.9 ± 2.0

a Data given as percentage of total weight.

TABLE 2. Carbohydrate and amino acid analyses of
the purified peptido polysaccharidesa

Substance Fraction 3 Fraction 5

Hexoses 73.2 t 7 77.4 ± 8
Amino acids 8.6 ± 0.4 6.2 ± 0.3
Amino sugars 1.8 ± 0.09 0.4 ± 0.02

a Data given as percentage of total weight.

No lipids were detected in either the crude
extracts or the purified fractions by the method
used.

DISCUSSION
Trichloroacetic acid proved to be an excellent

extracting solvent for peptido polysaccharides

TABLE 3. Amino acid analyses of the purified
peptido polysaccharides a

Fraction 3 Fraction 5

Amino acid nmol/ Relative nmol/ Relative

mga to leucine mga to leucine

Lysine 9.78 0.67 9.28 0.84
Histidine 5.68 0.39 2.72 0.24
Arginine 6.81 0.48 3.33 0.30
Aspartic acid 22.25 1.54 22.00 1.98
Threonine 160.84 11.11 98.40 8.86
Serine 117.57 8.15 77.90 7.02
Glutamic acid 51.14 3.55 49.90 4.50
Proline 145.02 10.06 92.50 8.29
Glycine 82.18 5.70 62.70 5.65
Alanine 49.48 3.43 39.60 3.57
Half-cystine
Valine 36.00 2.50 28.10 2.53
Methionine 10.88 0.75 1.60 0.15
Isoleucine 16.62 1.15 12.80 1.15
Leucine 14.42 1.00 11.10 1.00
Tyrosine 8.91 0.62 16.10 1.45
Phenylalanine 8.00 0.55 5.90 0.53
Glucosamine 62.07 4.30 19.20 1.73
Galactosamine 39.17 2.72 4.40 0.39

a Uncorrected for ash.

from mycelia of T. mentagrophytes var. granu-
losum. A mixture with only a few antigenic
components was obtained.
The purified peptido polysaccharides, frac-

tions 3 and 5, eluted differently from an ion-
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exchange column. This may be due to the dif-
ferences in their chemical composition. How-
ever, they were not antigenically distinguisha-
ble with our antisera.
The glycopeptides isolated by Barker et al.

from T. mentagrophytes were considerably
lower in molecular weight and also differed
from ours in their carbohydrate composition
(1, 2). These included two from submerged cul-
tures, a glucomannan (1:1) peptide with a mo-
lecular weight of 20,000 to 30,000 and a galacto-
mannan peptide with a sugar ratio varying
from 1:3 to 1:8 (galactose-mannose) and a mo-
lecular weight of about 40,000 (2); and three
from surface cultures, each a galactomannan
peptide designated GPI, II, and III (1). GP II
and III had a somewhat higher percentage of
amino acids (11.71% and 12.18%) as compared
with our peptido polysaccharides (8.6% and
6.2%). However, their amino acid compositions
were very similar. The mannose-galactose ratio
for GP II (8.8:1) was similar to that of fraction 3.
Glucose was also present in our antigens.
Amino sugar content was not reported for their
preparations.
The chemical compositions of two of the poly-

saccharide-peptide fractions obtained by No-
zawa et al. (18) were more similar to ours.
However, both of those fractions contained sev-
eral components when analyzed by immunoe-
lectrophoresis.
The peptido polysaccharides, fractions 3 and

5, have been isolated from several different lots
of mycelia and the procedure has been shown to
be highly reproducible. Studies with these
highly purified antigens should contribute to a
better understanding of the immune response
in dermatophytosis.
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