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Immunological Studies of the Glycoprotein Allergen Ag-54 (Cla h II) in
Cladosportum herbarumwith Special Attention to the Carbohydrate and
Protein Moieties

Marit Swiiril-Nordmo, Berít Smestail Paulsen, Jens Kristìan Wold

Institute of Pharmacy, Unive$ity ofOslo, Norway

Abstract. The glycoprotein allergen Ag-54 (Cla h II) isolated from Clailosporium herbarumwas split into its
carbohydrate and protein moieties by using alkaline-borohydride treatment and deglycosylation, respectively.
The native Ag-54, the deglycosylated protein and the protein-free carbohydrate moieties were tested for IgE'
binding activity by radioallergosorbent test inhibition using selected sera from individuals with C. herbarum
allergy. The deglycosylated material had a stronger allergenic activity than the native Ag-54 with all the sera
tested. The Ag-54 carbohydrate moieties were not found to possess any IgE-binding activity. The galactogluco-
mannan paÍ of the carbohydrat€ moiety was isolated and it was demonstrated to precipitate IgG rabbit anti'
body. Removal ofthe galactofuranose units by mild acid hydrolysis did not alter the IgG-binding capacity of
the polysaccharide, indicating that galactofuranose was not immunodominant.

Introduction

Cladosporium is reported to be the most common
fungus found in the air of temperate zones [J] and in
many countries the species Cladosporium herbarumis
a major fungal source of inhalant allergy and allergic
asthma in man Í2,3l.Extracts from C. herbarumhave
been found to contain at least 60 antigens of which
more than 20 components had IgE-binding activity

[4]. One of the allergens, Ag-54, has been isolated and
characterized [5, 6]. This allergen corresponds to
Cla h II according to the IUIS allergen nomenclature

[7]. The Ag-54 molecule is a glycoprotein which con-
tains 80.2% carbohydrate made up of mannose, galac-
tose and glucose in the proport ion 1:0.6: I  .3 [61. The
main carbohydrate moiety is a highly branched galac-
toglucomannan with an apparent molecular weight of
approximately 19,000 daltons [8]. Mannose and thre-

onine are involved in the carbohydrate protein link-
age. A few oligoglycosidic chains are also linked to

the protein [9].
The lgG-binding property of a large number of

carbohydrate structures in nature is well established.
N-acetyl-D-glucosamine has been identified as the
antigenic determinant of the cell wall mannan from

the yeast Kluyveromyces lactis [10] and the terminal
1,3 linkage in the mannan side chain of the Saccharo'
myces cerevisiaemannan was found to be an immuno-
dominant structure [11]. Reiss and Lehmann [12] were

able to identify a circulating galactomannan antigen
in human beings with invasive aspergillosis and in

1985 Bennet et al. [3] established that galactofurano-

syl groups were immunodominant structures in the
A sp e r gillu s fumig atu s galacto m a n n an.

The significance of the carbohydrate moiety for the
IgE-binding properties of glycoproteins is not clear

though many allergens have been identified as gly-

coproteins [14-19]. In 1959 Augustin [20] treated grass
pollen extracts with cr-amylase, emulsin and takadias-
tase without detecting any loss of allergenic activity.
Marsh et al. [21]reported no reduction of skin reactiv-
ity when group-I rye grass pollen allergens were di-
gested with p-galactosidase and cellulase. The mono-

saccharide composition of these extracts was not
known. Modification of the carbohydrate moiety of
the well-characterized allergen Ag-30 from timothy
pollen did not significantly affect its binding to
rsBl22l.

However, some findings have suggested that cova-

lently linked carbohydrate may contribute to the al-
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lergenic activity of a glycoprotein. Malley et al. [23]
have indicated that glucose may constitute a part of
the allergenic determinant of antigen D in timothy
pollen. Periodate oxidation of a purified C. herbarum
preparation significantly reduced the IgE-binding
ability of the preparation without altering the amino
acid composition [24]. Recently Weber et al. [25] were
able to demonstrate that the terminal oligosaccharide
of a glycosylated variant of bee venom phospholipase
A2 was an epitope recognized by human IgE anti-
body.

The purpose of the present study was to find out
whether the carbohydrate moiety of Ag-54 contri-
butes to the IgE- or IgG-binding property of the
molecule.

Material and Methods

Allergen Material
The allergen denoted Ag-54 from C. herbarum Link ex. Fr. was

isolated, purified and identified as described earlier [6].

Human Sera
A serum pool from 35 individuals with proven or suspected

clinical allergy to C. herbarum was employed as described previ-
ously [4]. Individual sera were used which contained high amounts
of specific IgE to Ag-54. The specific IgE concentration corre-
sponded to crossed radioimmunoelectrophoresis (CRIE) class A
and B as defrned by Aukrust [4].

Rabbit Antiserum
A polyvalent antiserum (anti-Ch-77) was used as previously de-

scribed [a]. The rabbits had been immunized using aqueous extracts
of C. herbarum mycelium and conidia available from ALK (Aller-
gologisk Laboratorium A/S, Copenhagen).

The rabbit antiserum contained precipitating antibodies to
Ag-54 detectable in CRIE.

Isolation of the Protein Moiety
The carbohydrate moiety was removed from the glycoprotein

by deglycosylation basically as described by Edge et al. [26]. A sam-
ple of Ag-54 (7 mg) was dissolved in 2 ml of a mixture of anisole
and trifluoromethanesulfonic acid (l: l) precooled to 0.C and
flushed with nitrogen. After stirring at 0'C for 3.5 h, 50 ml of di-
ethyl ether containing l0% petrol ether and precooled to -40"C was
added to the mixture. The solution was kept at -40'C for 20 min be-
fore addition of l0 drops of pyridine to facilitate the precipitation
of the deglycosylated protein moiety. After totally I h, the precipi-
tate was centrifuged and washed repeatedly with cold ether before
dissolution in ethanol and rotary evaporation. The protein was sep-
arated from the remaining reagents and the low molecular weight
carbohydrate material by gel filtration. The mixture was dissolved
in water and loaded onto a Bio-Gel P-4 (Bio-Rad Laboratories, Ca-
lif.) column (1.5 x l5 cm) and eluted with 0.075 mol/l ammonium
bicarbonate buffer (pH 7.9). The elution profiles were estimated for

carbohydrate material by the phenol-sulfuric acid method of Du-
bois et al. I27l and for protein material by the method of Waddel
and Chapel Hill [28]. The protein fraction was freeze-dried before
radioallergosorbent test (RAST) inhibition experiments as de-
scribed below.

Isolation of the Carbohydrate Moiety
The carbohydrate moiety was split off from the protein by alka-

line-borohydride treatment. The glycoprotein (3 mg) was heated at
50.C for 6 h in I  ml containing 0.125 mol/ l  NaOH and I mol/ l  so-
dium borohydride. Excess borohydride was decomposed by addi-
tion of 3 mol/l HCI and removed as methyl borate by repeated eva-
poration with methanol. The free carbohydrate moiety was sepa-
rated from the protein moiety by anion exchange chromatography
using an equil ibrated column (1.5 x l0 cm) of DEAE Sephadex
A-25 (Pharmacia, Sweden) eluted with 0.025 mol,/l ammonium bi-
carbonate buffer (pH 7.9). The carbohydrate fraction was desalted
by gel filtration using Bio-Gel P-4 (Bio-Rad Laboratories, Calif.)
column (1.5 x l5 cm) eluted with 0.075 mol,/ l  ammonium bicarbo-
nate buffer (pH 7.9). The carbohydrate elution profile was detected
by the phenol-sulfuric acid method of Dubois et al.Í271. The carbo-
hydrate moiety was freeze-dried before further examination by
RAST inhibition and amino acid analysis as described below.

I solation of the G alactoglucomannan
The Ag-54 carbohydrate moiety isolated by alkaline-borohy-

dride treatment as described above was fractionated on a Bio-Gel
P-4 (Bio-Rad Laboratories, Cali f .)  column (1.5 x l5 cm) which had
been calibrated with dextrans (7,600 and 2,360 daltons). The col-
umn was eluted with 0.075 mol/l ammonium bicarbonate buffer
(pH 7.9). The high molecular weight fractions corresponding to a
molecular weight > 4,000 daltons (void) were pooled and freeze-
dried before carbohydrate analysis, immunoprecipitation and mild
acid hydrolysis as described below.

Pronase Digestion
Ag-54 was dissolved at a concentration of 17 mg/ml in Tris-

HCI buffer 0.05 mol/ l  (pH 7.8) containing 0.002 mol/ l  CaCl, and
incubated with l0 mg/ml pronase (120,000 PUK/g, Calbiochem,
Calif.) at 37"C for I 13 h before RAST inhibition as described be-
low.

RAST Inhibition
RAST inhibition experiments were performed basically as de-

scribed by Yman et al. [291. A partly purifìed allergen extract de-
rived from the same C.herbarum source as the purified Ag-54 was
coupled to CNBr-activated paper discs (Whatman No.20). Prelimi-
nary dose-response experiments indicated 5 mg/ml allergen extract
to be the optimal concentration for coupling. 20 pl of patient serum
or serum pool was added to serial dilutions of the allergen dis-
solved in 0. I mol,/l phosphate buffer (pH 7 .a:30 pl). After I h of in-
cubation at room temperature, an allergosorbent paper disc was
added to each tube and incubated over night at room temperature.
The supernatant was aspirated and the discs rinsed 3 times for
l0 min wjlh 0.154 mol/ l  NaCl containing 0.5% tween 20 before in-
cubation with 50 pl r25l-anti-IgE (Phadebas@ RAST, Pharmacia Di-
agnostics, Sweden) over night at room temperature. After rinsing
the discs 4 times as described above, the radioactivity of the discs
was determined. Maximum uptake was determined by performing
the RAST-inhibition procedure as described above, exchanging the
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allergen solution to be tested with phosphate buffer during preincu-

bation with serum. Unspecific radioactive uptake was estimated by

using activated paper discs prepared in the same way as the allergo-
sorbents, replacing the allergen solution during the coupling step
by phosphate buffer used for coupling.

Amino Acid Analysis
The sample was dissolved in 6 mol/l HCI (suprapure grade,

Merck). Hydrolysis was carried out at I l0"C for 20 h. After remo-
val of the HCl, the sample was subjected to amino acid analysis us-
ing a Biotronic LC 5000 automatic amino acid analyzer.

Mild Acid Hydrolysis
The galactoglucomannan isolated as described above was

heated at 100"C with 0.005 mol,/l H2SO4 to remove galactofurano-
sidic residues. Samples were withdrawn after 30 min, l, 2.5 and 5 h
before removal of monomeric material by desalting on a Bio-Gel
P-4 (Bio-Rad Laboratories, Calif.) column. The high molecular
weight fraction was freeze-dried before carbohydrate analysis and
immunoprecipitation as described below.

Quantit ativ e C arb ohy dr at e An aly sis
Monosaccharide composition was quantified by methanolysis

(l  mol/ l  methanolic HCl,24 h,80'C) and gas l iquid chromatogra-
phy as described previously [30]. The trimethylsilylated methylgly-
cosides were chromatographed on a DB-5 fused silica column
(0.2 cm x l5 m) with H, used as carr ier gas (1.2 mllmin). The chro-
matograph was equipped with a flame-ionization detector.

Immunoprecipitation
The galactoglucomannan moiety of Ag-54 isolated as described

above was made in serial dilution with 0.154 mol/l NaCl and 0.5 ml
was incubated with 0.5 ml of anti-Ch-77 rabbit antiserum at 4'C for
20 h. Material hydrolysed with mild acid was used in one single
concentration. The samples were centrifuged (10,000 rpm) and the
pellets were washed f ive t imes with 2 ml of 0.154 mol/ l  NaCl. 0.4 ml
of 0.5 mol/l NaOH was added and the samples were heated in a
boiling water bath until the material was dissolved. The solutions
were neutralized with 0.4 ml of 0.5 mol/l HCI before the protein
content was estimated by the method of Bradford t31l as described
in the instruct ion manual of the microassay procedure of Bio-Rad
Laboratories [32] using bovine serum albumin as reference.

Results

The native glycoprotein Ag-54 was separated into
its protein and carbohydrate moieties by deglycosyl-
ation and alkaline-borohydride treatment, respec-
tively. The carbohydrate content of these products is
given in table l. Pronase digestion was also used as an
alternative method for enriching the carbohydrate
moieties.

The various samples were tested for their IgE-bind-
ing activity by RAST inhibition analysis usi4g aller-
gosorbents coupled with C.herbarum extract. The
RAST inhibition curves with different patient sera are

Table l. Carbohvdrate content in
material

Ag-54 and the modihed

Carbohydrate content

% of dry ratio
weight mannose:galactose:glucose

Native Ag-54
Deglycosylated Ag-54
Carbohydrate moieties

l : 0 . 6 : 1 . 3
I  : 0 : 0 . 3
l :0 .6 :  I  .3

presented in figure l. The concentrations needed for
50% inhibition of the uptake are listed in table 2. The
inhibition curves of the deglycosylated and native
material were nearly parallel and the deglycosylated
material was more active than the native glycoprotein
in all cases. This was demonstrated most clearly by
the inhibition of the HES serum (table 2), where 100
times more native Ag-54 than deglycosylated material
was required to reach the same inhibition level. The
protein-free carbohydrate moieties did not inhibit any
of the sera tested, including the serum pool. Carbohy-
drate-rich glycopeptides resulting from pronase di-
gestion of Ag-54 possessed no allergenic activity in
the systems used (fig. I ).

The carbohydrate moiety was fractionated by gel
filtration according to its molecular weight and the
high molecular weight galactoglucomannan was iso-
lated. This structure represented the main part of the
Ag-54 carbohydrate moiety. The protein-free galac-
toglucomannan was incubated with rabbit antiserum
and the ability to form precipitate was expressed as
micrograms of protein. Figure 2 shows that precipi-
tate formation increased over a range of 0-0.2 pmol
anhydrohexose. When exceeding a polysaccharide
content equivalent to 0.2 lrmol anhydrohexose, an in-
hibition of the precipitin formation could be ob-
served.

In order to determine whether the galactofuranose
residues contributed to the antigenic specificity of the
reaction, the galactofuranose was released from the
galactoglucomannan by mild acid hydrolysis and re-
moved by gel filtration before the reaction with rabbit
antiserurp. Polysaccharide equivalent to 0.1 pmol an-
hydrohexose was used in this experiment. This was
below the galactoglucomannan concentration neces-
sary for maximum precipitate formation. However,
the concentration was considered high enough to ob-

80.2
5.9

t00
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Table 2. Concentration (mg dry weight/ml) of Ag-54 and de-
glycosylated Ag-54 inhibiting RAST by 50%

lo-5 to-3 lo-r
Fig. 1. The inhibition of IgE binding to

C. herbarum allergosorbent discs in RAST in-
hibition analysis by native Ag-54 (O), degly-
cosylated Ag-54 (O), Ag-54 carbohydrate
moieties (A) and pronase digested Ag-5a (A).
Seven individual patient sera and one serum
pool were used. The percentage of inhibition
is plotted against inhibitor concentration (see
bottom left).

Table 3. The carbohydrate composition of the galactogluco-
mannan moiety released from Ag-54

l 0 - rI O-31 0-sl 0 - ì10-5

Serum Concentration, mg dry weight/ml,
at50% inhibit ion

Time of hydrolysis Ratio
h mannose: galactose: glucose

Galactose
content, %

Ag-54 0
0.5
I
2.5
5

a a
J J

30
26
l 8
)

J

4
l 0
5

l 0
9
9
4

deglycosylated Ag-54 l : 0 .7 :0 .4
l : 0 .6 :0 .4
l : 0 .5 :0 .4
1 :0 .3  : 0 .4
l : 0 .04 :0 .3

KM
TN
HES
OJH
ACL
POG
GAG
Serum pool

0.06
0.09
0 . 1
0.2
0.'l
0.5
0.3
0.07

The galactoglueomannan was treated with 0.005 mol/l HrSOo at
100'C, and the monomeric material released from the polymer was
removed by gel filtration.

Table 4. The relationship between precipitate formation and the
time of hydrolysis

,g
( l ) ? n

o
L

o ^ ^
z u

crì
1

Time of hydrolysis Anhydrohexose
h umol

Precipitate %Reduction
pg protein of galactose

0
0.5
I
2.5
5

0.1
0 .1
0 . 1
0 . 1
0 .1

20.0
22.4
20.5
2t.3
2t.0

0
9

2 l
45
9 l

Fig. 2. Precipitate formation as a function of the quantity of
galactoglucomannan. The carbohydrate dissolved in 0.5 ml of
0.154 mol,zl NaCl was mixed with 0.5 ml of undiluted rabbit anti-
serum and incubated at 4T for 20 h. The precipitate was isolated
by centrifugation and washed with 0.154 mol/l NaCl. The protein
was estimated by the Bradford method [30].

The galactoglucomannan moiety released from Ag-54 was
treated with 0.005 mol/l H2SO4 at 100'C and the released mono-
meric material was removed by gel filtration. The polymer was
tested for its ability to react with rabbit antiserum.

0 . 8  1  . 0  1 . 2  1  . t

a n h y d r o h e x o s e
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tain a signifìcant amount of precipitate. Table 3
shows how the galactose content decreased with increas-
ing time of hydrolysis. As demonstrated in table 4,
the ability of the carbohydrate to precipitate rabbit
antiserum was not affected when galactofuranosidic
residues were removed. After 5 h of hydrolysis the ga-
lactose content was reduced by 9l%. At these condi-
tions some mannose and glucose were also released
from the molecule. More extensive acid treatment to
remove galactofuranose completely would certainly
lead to damage of the remaining polymer.

Discussion

In order the study different parts of the glycopro-
tein, the molecule was separated into its protein
moiety and a protein-free carbohydrate moiety which
contained all the different carbohydrate structures of
the Ag-54 molecule. RAST inhibition was performed
using C. herbarum allergosorbents instead of coup-
ling the individual allergens to the paper discs due to
shortage of material. Total inhibition of the sera could
therefore not be expected.

The glycosylated material used in the RAST inhibi-
tion experiments contained only small amounts of
carbohydrate material in comparison with the native
Ag-54. The galactofuranose branches had been re-
moved during the deglycosylation, and the material
could be expected to carry a few small mannan or glu-
comannan units. Compared to the native Ag-54
which has a large highly branched galactoglucoman-
nan attached in addition to a few oligoglycosidic
units [8], the deglycosylated protein moiety is less
shielded by carbohydrate material.

In the RAST-inhibition experiments the deglyco-
sylated material showed an increased IgE-binding
capacity. The protein concentrations necessary to in-
hibit the sera by 50% were lower in the deglycosylated
samples than in the native glycoprotein material, in-
dicating that the protein moiety is the most important
part of the Ag-54 molecule when considering the IgE-
binding activity. This was in contrast to the rocket
immunoelectrophoresis experiments previously re-
ported [9], which showed that the deglycosylated
material had to be increased Z0 times by weight
compared to the native glycoprotein in order to
precipitate rabbit antibody to the same extent. This
corresponded to a 1O0-fold increase in the protein
content.

The importance of the protein moiety for IgE bind-
ing was further underlined by the inability of the pro-
tein-free carbohydrate moiety of Ag-54 to react with
IgE antibody from several C. herbarum-allergic indi-
viduals. To ensure that the allergenic activity of the
carbohydrate moiety had not been destroyed as a re-
sult of the chemical treatment during the isolation
process, carbohydrate-rich glycopeptides resulting
from extensive proteolytic treatment of the Ag-54
molecule were also tested for allergenic activity, but
specific IgE antibodies to the carbohydrate could not
be found. Though several patient sera were tested, the
existence of C. herbarum-allergic patients who react
to the Ag-54 carbohydrate moiety cannot be excluded
since individuals with mould allergy seem to be a very
heterogeneous group in their reaction towards the dif-
ferent allergenic components [4, 33,341. However, the
data presented in this study indicate that the carbohy-
drate moiety of Ag-54 is not responsible in general for
the lgE-binding ability of the allergen molecule. On
the contrary, the material appears to be more aller-
genic active when the carbohydrate moiety has been
removed.

The reaction of the Ag-54 carbohydrate moiety
with rabbit antibody was not similar to the human
response. Only very low concentrations of the ga-
lactoglucomannan part of the Ag-54 carbohydrate
moiety was necessary to precipitate antibody from
rabbits immunized with aqueous extracts of C. herba-
rum. Other investigators have reported serological
reactivity of fungal galactomannans, peptidogalacto-
mannans and mannans [35-37]. Some of these investi-
gators observed that the galactofuranosyl residues
had a major effect on the precipitate formation [13,
36-381. Our data suggest that the galactofuranosyl res-
idues of the Ag-54 galactoglucomannan are not of
primary importance in directing antigenic specificity.

The present work made it possible to conclude that
deglycosylated Ag-54 possessed higher IgE-binding
capacity than native Ag-54 while the protein-free
carbohydrate moiety lacked the ability to bind IgE.
The galactoglucomannan part of the Ag-54 carbohy-
drate moiety precipitated rabbit antiserum, but there
was no evidence that the galactofuranose residues
were immunodominant. The present investigation did
not consider IgG-mediated hypersensitivity in human
beings. Neither has skin reactivity been evaluated.
This would further contribute to a better understand-
ing of the role of the Ag-54 carbohydrate moiery in
hypersensitivity reactions.
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