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ABSTRACT 

The carbohydrate moiety of the glycoprotein allergen Ag-54, isolated from the mould Cladosporium 

herbarum, has been characterised partly, using acetolysis, methylation analysis, and n.m.r. spectroscopy. 
Ag-54 contained a highly branched galactoglucomannan and two branched mannogluco-oligosaccharide 
chains. The oligosaccharides contained terminal, (l-+4)-, and (l-4,6)-linked a-Glc residues and terminal, 
(l-+2)-, and some (1 -t3)-linked a-Man residues. The n.m.r. data indicated the galactoglucomannan to have 
a main chain made up of (1+6)-linked a-Man and (1+4)-linked a-Glc residues, with the latter attached to 
position 6 of a-Man residues. Oligosaccharides with (I +6)-linked /3-Galf and (1 -t2)-linked a-Man were 
attached to the main chain. Acetolysis of the galactoglucomannan yielded linear and branched oligosaccha- 

rides. The presence of (1 -t2,3)-linked a-Man residues indicated either that other than (I-6) linkages were 
present in the main chain or that there was 2,3-branching in the side chains. 

INTRODUCTION 

Cladosporium herbarum is an airborne mould of the group Fungi Imperfecti. Its 

spores are found frequently in large numbers in both indoor and outdoor environments, 
and, in many countries, C. herbarum is a major source of inhalant allergy and allergic 
asthma in man’. Fungal material, including C. herbarum, contains numerous compo- 
nents with biological activity2-4. Extracts from C. herbarum contain at least 60 compo- 

nents with IgG-binding activity (antigens), of which > 20 possess IgE-binding ability 
(allergens)‘. One of the important allergens, Ag-54, which has been isolated and 
characterised immunologically6, corresponds to the Cla h II according to the IUIS 
allergen nomenclature’. 

Ag-54 is a glycoprotein that contains 80% of carbohydrate, which is linked to the 

protein through one Man unit and two Glc units 8,9 The main carbohydrate moiety has a . 

molecular weight of 19000 (estimated by h.p.1.c.) and comprises mainly (l-+2)- and 

* Author for correspondence. Present address: Nycomed AS, P.O. Box 4220 Torshov, N-0401 Oslo 4, 
Norway. 
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( l--+6)-linked p-Man, and some (l-+4)-linked and (l-+3,6)-linked r&lc. (I-+6)-Link- 

ed D-Galfside-chains were proposed to be attached to positions 2 or 3 ot’( 1 -+6)-linked 

Man units and position 3 of (1+2)-linked p-Man units’“. The structures of the minor 

constituents of the carbohydrate moiety of Ag-54 were not determined, but w-ere 

suggested to be small gluco-oligosaccharides. 

We now report further details of the structure of‘ the carbohydrate moiety of 

Ag-54. 

RESULTS AND DISCUSSION 

Isolation andmethylation analysis of the io,1,-mol~?cular-Mieighrfractions ( R andC). 
--- The carbohydrate material, released from the glycoprotein by treatment with 

alkaline borohydride, was fractionated on Rio-Gel P-4 (Fig. 1). to give fractions .,1--C 

that corresponded to the void volume and molecular weights of2300 -1600 and <: 1600. 

respectively, The monosaccharide composition ofeach fraction was determined by g.1.c. 

of the trimethylsilylated methyl glycosides after methanolysis. The molecular weight of 

the fraction was estimated” to be 19 000. The monosaccharide compositions of frac- 

tions A--Care given in Table I. Fractions Band C accounted for only 3.7% and 3.6%. 

respectively, of the original carbohydrate. No difference in the composition of the 

products was detected when the methanolysis was performed with methanolic M or 4>r 

hydrogen chloride. 

Methylation analysis of high-molecular-weight material that corresponded to 

fraction .4 has been reported’“. The results ofthemethylation analysis of fractions Rand 

C are summarised in Tables II and Ill, respectively. Two g.1.c. systems were used fat 

identification of the partly methylated alditol acetates. The SP 2340 system was included 

Fig. I. Fractionation on Bio Gel P-4 (200 400 mesh) of the carbohydrate products obtained after treatment 
of Ag-54 with alkaline borohydride. The column was &ted with 0.075M ammonium hydrogencarbonate 

buffer (pH 7.9). Carbohydrates were detected by the phenol- sulfuric acid metho& A corresponded to the 

void volume (V,,). H 10 a mol. wt 0f2.300 1600, and c‘ to a mol wt or I 1 fiiw. 
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TABLE I 

Composition of the carbohydrate components released from Ag-54 after treatment with alkaline boro- 
hydride (see Fig. 1) 

Fraction Mol. wt. Man:Gal:Glc Relative 
proportion (%) 

A 19 000 1:0.7:0.4 94.2 
B 230&1600 1:0:1.6 3.2 
C < 1600 1:0:2 2.6 

TABLE II 

Methylation analysis of fraction B (Fig. 1) 

Alditol acetates corresponding to Type of T Relative peak area 
linkage 

08-5 DB-5 SP2340 

2,3-Di-0-methylglucitol (l-+4,6) 1.99 2.2 
2,4-Di-O-methylglucitol (l-+3,6) 2.06 0.3 
2,3,6-Tri-0-methylglucitol (l-14) 1.34 2.2 
2,4,6-Tri-0-methylmannitol (l-+3) 1.37 1.0 
3,4,6-Tri-0-methylmannitol (142) 1.28 1.7 
2,3,4,6-Tetra-O-methylmannitol/glucitol 1.0 2.5 1.5-1.0 

a Retention time relative to that of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methy1-~-glucitol. 

TABLE III 

Methylation analysis of fraction C (Fig. 1) 

Alditol acetates corresponding to Type of T Relative peak area 
linkage 

DB-5 DB-S SP2340 

2,3-Di-0-methylglucitol (l-+4,6) 1.99 1.0 
2,3,6-Tri-0-methylglucitol (l-+4) 1.34 1.1 
3,4,6-Tri-0-methylmannitol (l-2) 1.29 1.0 
2,3,4,6-Tetra-0-methylmannitol/glucitol 0.99 2.5 1 .o-2.0 

’ See Table II. 

primarily for its ability to separate l,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-glucitol 
from the corresponding D-mannitol derivative. 

Fraction B possessed 10 units as judged from the results of methylation analysis 
(Table II). Glc was the main monosaccharide and was involved in the branch points 
with (1+4) and (144,6) linkages. The Man was mainly (l-+2)-linked, but a small 
proportion of (1 -+ 3) linkages was detected. 





CARBOHYDRATE MOIETY OF Cladosporium herbarum ALLERGEN 271 

100 120 1LO 160 160 200 220 2LO 260 280 

Fraction number 

Fig. 2. Elution of products of acetolysis of fraction A (Fig. 1) with 1O:iO:l acetic anhydride-acetic 
acid-sulfuric acid at 40” for 12 h from a column (2.5 x 95 cm) of Bio Gel P-2 (400 mesh); 1.5mL fractions 
were collected. M,-M, connote mono- to penta-saccharide, respectively. Molar ratios: M, = 16, M,= 1.2, 
M,= 1.8, M,=1.3, and M,=2.1. 

rides formed after acetolysis of the Ag-54 carbohydrate moiety for 12 h are considered 
to be similar to that present in the carbohydrate moiety itself. 

The results of methylation analysis of the fractions I-IV (Fig. 3) of molecular 
weight greater than that of M, are summarised in Table V. Fraction I, which contained 
(l-+4), (l-+2), and (l-6) linkages, and also branch points, had most of the character- 
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Fig. 3. Fractionation of the products obtained by acetolysis (2 h, 40”) of A (Fig. 1) on a column (2.5 x 95 
cm) of Bio Gel P-2 (400 mesh). 
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Fig. 4. Fractionation (---•---) of the products obtained by acetolysis (5 h. 40.) of fraction Mi (Fig. 3) on a 

column (2.5 x 95 cm) of Bio Gel P-2 (400 mesh) (molar ratios: M, = 2.0, M, =- I .8. and M, = 16.2) When the 
new fraction M, was isolated and acctolysed for 12 h at 40’, the profile ---o--- was obtained 

istics of the intact mannan. The presence of (I -+2,3)-linked Man residues indicated 

either that other than (I +6) linkages were present in the main chain or that there was 

2,3-branching in the side chains. The oligosaccharides in fraction II had no branch 

points but contained three lypes of linkage. This finding indicated that acetolysis had 

broken a (T-46) linkage next to the branch point and tha6 the ohgosaccharide consisted 

of both the side chain and the main chain. or that both (i --+2) and ( 1 -6) linkages were 

present in the main chain and the oiigosaccharides contained only parts of the Mann 

chain. Fraction III contained branched and unbranched hcsore residues, which sup- 

ported the conclusions for fraction I. 

Acetolysis of fractions i--TV for 12 h at 40‘ gave only oligosaccharide fractions 

similar to those obtained after prolonged acetolysis (Fig. 5). The molar ratios of the 

TABLE V 

Methylation analysis of fractions J JV (Fig. 3) 
_._-_-__ ..-- -.--. - .-_..-.. -_-_--.- .--..-- 

3,4-Di-0-methylmannitol (1 -+L,h) 1.07 

4.6-Di-O-methylmannitol (I A-2,3) I .8”) 
2.3,4-Tri-0-methylmannitol (1 4) I.5 
2,3,6-Tri-0-methylglucitol (J+4) I.35 
3,4.6-Tri-0-methylmannitol (1 -+:I I ‘cl 
2,3.4,6-Tetr:i-O-methylmannitol~~lu- 

citol 1.0 - lll-_---_._______l_ 

” See Table 1 I 
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products of acetolysis are given in Table VI. The fractions were not purified by 
rechromatography and the molecular weights assigned are approximate. Acetolysis of 
fraction IV gave equimolar amounts of a pentasaccharide and a trisaccharide, and 
methylation analysis (Table V) revealed only (l-6) and (142) linkages which indicated 
the presence of [Man-(1 +2)],-Man-(l-+6)-[Man-(1+2)],-Man or [Man-(1 -t2)],-Man- 
(1+6)-[Man-(1+2)],-Man. Side chains of Galf could be attached to this structure as 
proposed earlier”. 

N.m.r. analysis. - Both the native and partially hydrolysed polysaccharide were 
analysed variously by 1D and 2D ‘H-n.m.r. techniques (COSY, relayed, and double- 
relayed COSY) and 2D-n.0.e. spectroscopy was attempted. The signals for anomeric 
protons are designated A-P (Figs. 6 and 7) and the chemical shifts are given in Table 
VII. The spectrum (Fig. 6) of the partially hydrolysed material, which, according to 
methylation analysis”, comprised (1 + 2)- and (1+6)-linked Man residues and some 
minor components, contained four major signals (E, 1,. K, P) together with numerous 
signals of lower intensity. ‘H-N.m.r. data on cell-wall mannans”~‘” and model com- 
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Fig. 5. Fractionation of the products obtained by acetolysis (12 h, 40”) of fractions I-IV (Fig. 3) on a column 
(2.5 x 95 cm) of Bio Gel P-2 (400 mesh). 
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TABLE VI 

Products obtained by acetolysls ( !2 h, 40’ ) of fractions I IV (Fig. 3) 
.- 

-’ Degree of polymerisatiorl 

pounds are available to aid the assignment ofsignals in Fig. 6. ‘IX chemical shifts of the 

H-l resonance in the a-Man residue in model compounds are as follows: d 5.23 

[Man-(I-2)-Man-( 1 -+2j-Mm], 5.13 [Man-( i +2)-Man-( I --6)-Man], 5.04 /.Man- 

( I +2)-Man], and 4.91 [Man-( I -+6)-Man-( 1 +h)-Man]. Branching at position 6 can be 

introduced most likely m the central Man residue in the second trIs:lccharidr wthout 

markedly affecting the chemic:ll shift of the H- 1 resonance. Ttw aPc)ve chemical shii’ts 

correspond well to those g>fE, I. K. and P. and are assigned t(\ residues in the side chain. 

branch points, terminals, and the main chain, respective&. ilt‘ A strrlcture with ;i 

(1 +6)-linked main chain and side chains of (I.-+?)-linked x-Man rrsldues: /J-Man 

residues are not compatible bvith these chemical shifts. 

TABLE VII 

‘FI-N.m.r. data for the carbohydrate moiety of Ag-54 
._--- --~--_------__I_--“Ic “-..^.-.ll.^..^.~.l -._--..-..--. _-.l._--ll._ 

Pol_~.vm htrridc .4 ram C‘luvr~c~c~~ .shifr ip.p m / 
-- _..----__-___ _ n -‘-.I_.. _-.-_-,:. .-.___._(, _-~tl-_-.-_ 

__--.. -----I__ _-_~..__._.~.__.._~~_. 

Native I-1. I i '$ *; : 5 5.27 5 '1 5 '0 i I9 7 Ii 
f-1-2 4 ih ‘1.16 4 i:! 4.13 4 I4 
H-3 1 ox 4.0x 4 IO -4 00 4 IO 
13-d 

Partially 
hydrolysed wI 5. IO 5.09 

?!!!-..____...___. _J!“. ._...~_“~.____“_r’)!.._._. 
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Fig. 6. Resolution-enhanced ‘H-n.m.r. spectrum (region for H-l resonances) of the partially hydrolysed 

carbohydrate material derived from Ag-54. 

In the native material, terminal and (l-+6)-linked Galfresidues are present’” and 
attached mainly to positions 2 and 3 of (l-6)-linked Man residues, position 3 of 
(142)-linked Man residues, and position 6 of other Galfresidues. Signals A, H, and J of 
the native material (Fig. 7) had J,,, values of -2 Hz, appear at chemical shifts where 
none was present for the partially hydrolysed material, and are assigned to p-D-Gal) 
residues (cf. J,,, 3.5 Hz, for a-D-Galf’3). 

Molecular models show that H-l in the P-D-Galfresidues are near to protons in 
neighbouring residues, which may induce an upfield shift’4,‘S in the H-l resonance. The 
signal for H-l in/3-D-Ga?fis at 6 5.27, i.e., to lower field of the signals H and J, but not of 
A. It is possible that when a/%b-Galfresidue is attached to position 3 of a (1+2)-linked 
Man residue, steric crowding occurs which changes the conformation and hence the 
chemical shift of the H-l resonance. 

Of the remaining H-l signals in Fig. 7, some had chemical shifts that were the 
same as those for the partially hydrolysed material (Fig. 6). This finding implies partial 
substitution of the majority of the Man residues, since at least seven Man signals were 
identified (E, F, K, L, M, 0, and P). 2D-N.m.r. experiments showed that the largest 
signal in Fig. 7 contained two components (K and L). Substitution of the (l-2)-linked 
Man residues should yield signals F and K (L) and, of the (l-+6)-linked Man residues, 
signals M and 0. The possibility that M was derived from (I +2)-linked and K from 
(l-+6)-linked residues cannot be excluded. The J,., value of 3.8 Hz for N, together with 
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Fig. 7. Resolution-enhanced ‘H-n.m.r. spectrum (region for H-l resonances) ofthe carbohydrate moiety of 
Ag-54. 

the chemical shifts of signals for H-1,2,3. suggested that N be attributed to a terminal 

cc-II-Glcp residue. Furthermore, from the chemical shift of the H-l resonance, this 

residue should be attached to position 6 of the next sugar residue? 

The n.0.e. spectrum of the native material was difficult to interpret because of the 

crowding of the signals. The GaIfresidue that gave signal A had an n.0.e. contact at n‘ 

4.08. which could be to II-3 in signal F or K. However, an internal n.0.e. to H-3 

appeared at the same chemical shift and made such an assignment uncertain. Signals H 

and J displayed n.0.e. signals at (i 4.1 but, as this region contained overlapped signals. 

no conclusions could be drawn. Most Man signals also showed n.O.e.‘s in crowded 

regions. The cc-D-Glcp group had an n.0.e. contact with an unidentified signal at ci 3.62. 

In conclusion, the n.m.r. data of the galactoglucomannan allowed For the possible 

existence of a structure built of a backbone of (1 +-linked Man and some Glc, with 

oligosaccharides of (I--+2)-linked Man residues attached in addition to the Galf side 

chains established earlier”‘. Acetolysis of the native galactoglucomannan yielded both 

linear and branched oligosaccharides. The presence of (! -+1)-_ ( l-+6)-. and (l-+2.3)- 

linked Man together with (1+4)-linked Glc indicated the possibility that acetolysis had 

taken place next to the branch-point residue or that the mam chain might not be 

analogous to the uniform backbone of (1 -+t;)-linked Man characteristic of many yeast 

mannans. The polysaccharide moiety of Ag-54 may bear some resemblance to the 

cell-wall mannan of Hnnsenuh wingei’” in having both (I -+h)- and { 1 --Z)- or (I -+3)- 
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linked Man in the main chain. However, a repeating unit could not be suggested from 
the structural requirements outlined above, which indicated that the polysaccharide is 
more complex than had been proposed”. 

EXPERIMENTAL 

The allergen denoted Ag-54 was isolated from the mycelium and conidia of C. 
herbarum. Link ex. Fr. as described’. 

Treatment of Ag-54 with alkaline borohydride. - Ag-54 (5-15 mg) was treated 
with M NaBH, in 0.125~ NaOH (1 mL) at 50” for 6 h. The pH of the cooled solution was 
adjusted to 3 with HCl, the mixture was neutralised, and the boric acid was removed as 
methyl borate by evaporation with methanol. The carbohydrate components were 
isolated by ion-exchange chromatography on DEAE Sephadex A-25 [Pharmacia; 
elution with 0.025~ ammonium hydrogencarbonate buffer (pH 7.9)] and freeze-dried. 

Fractionation of the carbohydrate components. - The foregoing mixture of 
carbohydrates was eluted from a column (1.5 x 13 cm) of Bio Gel P-4 20&400 mesh 
(Bio Rad Laboratories) with 0.075~ ammonium hydrogencarbonate buffer (pH 7.9) 
(0.4-mL fractions). The column was calibrated with dextrans (mol. wts. 16400 and 
2360), maltoheptaose (mol. wt. 1153), maltopentaose (mol. wt. 829), and glucose (mol. 
wt. 180). The phenol-sulfuric acid method” was used to obtain the carbohydrate elution 
profile. The fractions corresponding to each peak were combined, freeze-dried, and 
subjected to methanolysis and methylation analysis. 

Partial acid hydrolysis. - The protein-free carbohydrate fraction (5 mg) was 
heated at 100” for 2.5 h with 5mM sulfuric acid (1 mL) as reported”. The mixture was 
cooled, neutralised with sodium hydrogencarbonate, and desalted on a column of 
Bio-Gel P-4 as described above. 

Methanofysis. - Quantitative monosaccharide composition was determined by 
methanolysis (M and 4 M HCl, in dry methanol, 80”, 24 h), followed by trimethylsilyla- 
tion and g.1.c. as described’. The gas chromatograph was equipped with a flame- 
ionisation detector and a DB-5 fused-silica capillary column (0.2 mm x 15 m), and 
hydrogen was the carrier gas. 

Methyfation analysis. - Methylation was effected by the Hakomori methodI as 
described by Lindberg and Lonngren”. Methyl sulfoxide (0.25 mL) was added to each 
dry carbohydrate fraction, and the solution was flushed with nitrogen and stirred at 
room temperature for 2 h. After addition of a solution (0.25 mL) of methylsulfinyl- 
methanide prepared as described by Conrad”, the mixture was stirred under nitrogen 
overnight at room temperature, then cooled (ice bath). Methyl iodide (0.25 mL) was 
added followed by nitrogen flushing and stirring for 2.5 h. Excesses of reagents were 
removed by reverse-phase chromatography using Sep Pak C,,-cartridges (Waters Asso- 

ciates), as described by Waeghe et aI.“, and the methylated carbohydrates were hydro- 
lysed with aqueous 90% formic acid (0.5 mL) at 100“ for 6 h. After addition of methanol 
and evaporation of excess of formic acid, the partially methylated monosaccharides 
were reduced with M sodium borodeuteride (1 mL) overnight at room temperature. 



Excess of borodeuteride was destroyed by the addition ofacetic acid. and the boric acid 

was removed by evaporation with methanol and then toluene. The partially methylated 

alditols were treated with acetic anhydride (0.3 mL) lor 1 h at li~0 rend the acetic 

anhydride was removed by co-evaporation with toluene. Thea residue v,~~s anai>sed by 

g.1.c. ~m.s., using an ion-source temperature of ._._ 370 and an ionisarli>n ~ol~:tnt’ of 70 c‘\i’. 

The chromatograph was equipped with a DB-5 fused-srlica column (0.2 IIIIII i 31 1111. 

and retention values were calculated relative to that of l.~-di-~1-a~er~!-;l.i.~.6-terra-(i-. 

methyl-D-glucitol. Identit.ies were confirmed by g.1.c:. m.3. employing an SP 2.140 

capillary column (0.2 mm x I2 III). Erythritol terra-acetalc anti rlz\,iGnositol hc\;a- 

acetate were used as internal references. 

.41~rfn~~~.sis. ~~~ A solution of the protein-free carbohydrate (R mg) in 10: 10: I :KCI~C 

anhydride- acetic acid~~sulfuric acid (1 mL) was kept at 40’ for 12 h a5 described h\ 

Kobayashi c’t II/?‘. A 100:IOO:i mixture did not &ccl ac~tolqsis. The reaction ~-as 

terminated by the addition of’pyridinc(O.3 mL) to thecooled solution, thrmixturt~ was 

concentrated, the residue was extracted with chloroforln. ;tntJ the cxtr;%ct \+‘;I> bvashed 

several times with water and then concentrated. To 2. c;aluti~rt o!‘ the residue in dr>, 

methanol (1 mL) was added methanolic M sodium methoxidc ~lau+; until przcipitatiotl 

of O-deacetylated acetolysis products occurred. The mixture tt’as left at loom tcmper- 

ature f‘or 30 min, neutralised \vith aqueous 50% acetic ,Il,iti. ;tnd c~>ncentrated. 

The residue was loaded on to a column (7.5 * 95 cmi of RIG> I.;el P-2 (-100 mesh ). 

which had been calibrated \\ith malt.o-oligosaccharides. and cluted with (1.075>1 ammo.- 

nium hydrogencarborlate hufTer (pH 7.0. 10 nit., h i tha! cilnt:tjned Ici n r>i’ 1 -htarlc~i 

Fractions of I .5 ml. were collected. Eluates corresponding !ci !hc varlou5 peaks \4ere 

combined and concentrated. and the products were rechrolnatr~~rapheci. The appropri- 

ate fractions were combined. li-rcze-dried. and analysed by I l.c. OII Silica Gel 60 (Merck. 

5748). using I-hutanol ethanol water‘ (5:3:2). with detectic~n 13~ the pcriodarc hen- 

zidine reagent”. 

N.m.r. sp‘pectrostwp~~. The400-MHz ‘H-n.m.r. spectr,t were recorded at 50 Gth 

a JEOL GX4QO spectrometer on solutions in II,0 (internal sodium 3-trimethylsilyl- 

propanoate-cl,), All 211 experiments were performed with JtlOL. standard pulse se- 

quences and had a total of’ 128 spectra. each accumulated ?I? rimes. cvcept fi~r the 

NOESY experiment. which was accumulated 64 times. Each spectrum cc.~nsisted c>f S!.“? 

data points. and the 118 spectra were Tcro-filled inro a 116 b 5 I2 rhta matrix with J 

frequency range of 800 Hz lar each dimension. For the H-relayed fI,H-(‘OS\/ experi- 

ment, a delay time of ‘70 ms was used; for the NOES\/ experiment. the mixing time H;IS 

200 ms. The data matrix \vas proccsscd with a trapezoidal filter functior~, ii~liou~ed b! 

calculation of a power spectrum and symmetrisatioir. 
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