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ABSTRACT 

In this study high-performance size-exclusion chromatography and ELISA detection were used to 

study the extracellular polysaccharides excreted by mould species belonging to Mucordles. EPS prep- 

arations from different species were heterogeneous as detected by refractive index measurements. ELISA 

detection of fractionscollected after high-performance size-exclusionchromatography revealed reactivity of 

antibodies with a limited number of polysaccharides with a retention time of 27 to 29 min in EPS 

preparations of all species tested. In addition to the immunochemically active polysaccharide fraction 

containing glucuronic acid, other neutral polysaccharides were present, depending on species and carbon 

source used for growth. The method employed allowed one to fractionatc EPS preparations and to 

discriminate between immunochemically active and non-reactive components. All Mucorales tested pro- 

duced polysaccharides reactive with polyclonal antibodies raised against EPS from Mucor rocemosus. 

INTRODUCTION 

The chemistry and immunochemical properties of polysaccharides excreted by 

fungi belonging to the family of the Mucoraceae of the order Mucorales of the class 

Zygomycetes have been previously studied’-‘. Recently, immunological detection of 

moulds based on the immunochemical properties of the excreted polysaccharides was 

proposed by Notermans and associates’.’ using an enzyme-linked immunosorbent assay 

(ELBA). Reactivity of the extracellular polysaccharide (EPS) preparations of Mucor 

and Rhizopus species with antibodies raised against EPS of Mucor racemosus, was 

found, indicating similar immunodominant structuresx. 

Until now, no detailed information was available about the composition and 

molecular weight distribution of the mixture of polysaccharides excreted by Mucorales 

and its relation to their immunochemical properties. High-performance size-exclusion 
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was dissolved in 10 mL of distilled water, freeze-dried, and weighed. This constituted the 

isolated amount of extracellular polysaccharide (EPS). 

Chemical analysis of the EPS. ~ The neutral sugar composition of the EPS was 

determined as alditol acetates using g.1.c. Neutral sugars were released by pre-treatment 

with 72% (w/w) H,SO, for 1 h at 30”, followed by hydrolysis with 1~ HSO, for 3 h at 

1 OO*. Next, sugars were converted to their alditol acetates as describedI and analysed by 

g.1.c. using inositol as the internal standard. 

Molecular weight distribution. - The molecular weight distribution was studied 

using high-performance size-exclusion chromatography, which was performed on a 

SP8800 h.p.1.c. system (Spectra Physics, San Jose, CA U.S.A.) equipped with three 

Bio-Gel TSK columns in series (4OXL, 3OXL, 20XL; 300 x 7.5 mm; Bio-Rad Labs, 

Richmond, CA U.S.A.) in combination with a TSK-XL guard column (40 x 6 mm) at 

30”. An aliquot of 20 PL of a solution of EPS in distilled water (1 mg/mL) was injected 

into the system, and 0.4~ acetic acid-sodium acetate (pH 3.0) was used as eluent with a 

flow rate of 0.8 mL/min. The effluent was monitored using a Shodex SE-61 refractive 

index detector. The mol. wt. calibration of this system was performed by using dextran 

standards (lOk, 40k, 70k, and 500k; Pharmacia, Uppsala, Sweden) using software 

obtained from Spectra-Physics (San Jose, CA U.S.A.). 

The effluent was partitioned in fractions of 0.4 mL (0.5 min) using a Bio-Rad 2110 

fraction collector. After adding 0.14 mL of a M solution of NaOH for neutralization, the 

samples were diluted by adding 1.06 mL of distilled water. These samples were exam- 

ined by sandwich ELISA and further diluted (2 to 8 times) on microtiter plates. The 

optimal dilution was determined by comparing the extinctions with the ELISA extinc- 

tions of a dilution curve of a standard EPS derived from Mucor hiemalis. 

Sandbvich ELISAfor the detection of EPS. ~ Sandwich ELISA was carried out as 

described”, in wells of polyvinyl chloride microtiter plates (Dynatech, Chantilly, VA, 

U.S.A.). An IgG fraction of polyclonal antibodies was obtained by immunization of 

rabbits with extracellular polysaccharide antigens produced by M. racemosus as de- 

scribed’. An aliquot (100 pL), containing 10 pg/mL of rabbit IgG anti M. racemosus in 

0.07~ sodium phosphate buffer (pH 7.2) containing 0.15~ NaCl (PBS), was added to 

each well and incubated overnight at room temperature. After rinsing with PBS 

containing 0.05% Tween 20 (PBS-T), 100-PL portions of samples diluted in PBS-T were 

added and incubated for 90 min at room temperature. After another rinse with PBS-T, 

the wells were incubated with rabbit IgG (anti M. racemosus), conjugated to horse 

radish peroxidase, for 90 min. Finally, the rinsed wells were incubated for 10 min at 

room temperature with 100 PI, of a substrate solution. The substrate solution was 

3,3’,5,5’-tetramethylbenzidine in methyl sulfoxide (MeSO) containing H,Oz prepared 

according to Bos’~. A stock solution of 42mM 3,3’,5,5’-tetramethylbenzidine in Me,SO 

was prepared, and 1 mL of the solution was added dropwise under gentle shaking to 100 

mL of 0.1~ sodium acetate-citric acid buffer, pH 6.0. Just before use, 7pL of 30% H,O, 

was added to the 10 mL of buffer solution. The enzyme reaction was stopped by adding 

5OpL of 2.21 H,SO, to each well. The absorbance of the yellow color was measured at 450 

nm. 
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TABLE I 

Sugar composition of EPS preparations of various mould species belonging to Mucorales“ 

Mould specie.s Sugar composilion lniol%)b 

FUC Man Gal GfC GlCA 

Mucor hiemalis 18 17 13 4 48 
Mucor hiemalis’ 7 9 4 60 20 
Mucor rucemosus 13 23 9 8 47 
Mucor circimelloides 13 27 8 11 41 

R&opus oryxze 
Rhizopus arrhizus 
Rhizopus stolonifrr 

15 13 

IO 16 

13 9 

4 13 55 
4 21 49 

II 23 44 

Rhizomucor miehei 
Rhizomucor pusilius 

2s 
19 

15 I 
21 8 

53 
49 3 

Ahsidiu corymh$era 11 I1 
Syncephalastrum racemosum 22 30 
Thamnidium elegans 9 8 

39 

27 

32 
42 
50 

6 
6 

” Grown on culture media with o-glucose as the carbon source, unless otherwise noted. ’ Values are the 

average of duplicate experiments. The sugar content of the EPS preparations varied between 6680% (w/w)_ 

’ Mould grown on a culture medium with maltose as the carbon source. 

refracllve index ELISA extInctIon 

retention time imln) 

Fig. 2. High-performance size-exclusion chromatograms with ELISA detection of EPS of (a) M. racemosux 
grown with u-glucose and (b) M. hiemalis grown on a YNB medium with maltose as the carbon source. R.i. 

detection, --: ELISA detection, bars. 
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Fig. 4. High-performance size-exclusion chromatograms with ELISA detection of the EPS of (a) R. oryzac, 

(b) R. stoloni/hr, and (c) R. urrhizus. R.i. detection, -; ELISA detection, bars. 
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I II 
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Fig. 5. Separation of crude EPS from R. oryzae using DEAE-Sepharose CL-6B with sodium acetate buffer 

(pH 5.0) gradient (see Experimental section). D-Glucuronic acid, -u-O-; neutral sugars, -+-f-; gradient, 

-------. 

also different from those of the Mucor and Rhizopus species tested. Also, no or little 

D-glucose was found in these EPS preparations (Table I). However, a similar unimodal 
fraction was found to be immunochemically active. 

Determination of the EPS of other species belonying to the Mucorales. -- The 
multimodal mol. wt. distribution chromatograms of D-glucose-grown Absidia corym- 
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Fig. 8. Separation of the crude EPS from Ahsidiu corymhfera with DEAE-Sepharose CL-6B with sodium 
acetate buffer (pH 5.0) gradient (see Experimental section). D-Glucuronic acid, -n-n-: neutral sugars, 
- + - + -; gradient, I------. 

bifera, Syncephalastrum racemosum, and Thamnidium elegans EPS preparations are 

shown in Figs. 7a, 7b, and 7c, respectively. Fig. 7a reveals a bimodal mol. wt. distribu- 

tion. The high mol. wt. peak (500-2 x 103k) did not react with the antibodies raised 

against M. racemosus. The second peak, reactive in the ELISA, had a retention time of 

27-29 min, similar to the immunochemically active peak of the other Mucorales. 

Separation of the EPS derived from Ahsidia corymh(fera by ion-exchange chro- 

matography as shown in Fig. 8 revealed three peaks (I-III) as indicated in the figure. 

While peak I was not reactive with the IgG antibodies raised against M. racemosus, 

peaks II and III were found to give positive ELISA reactions. 

The EPS derived from Syncephalastrum racemosum (Fig. 7b) was found to be 

composed of a broad range of fractions with different hydrodynamic volumes. The 

epitope-containing part could be detected with the size-exclusion chromatography 

system with ELISA detection as revealed in the figure. Its mol. wt. distribution was 

similar to that of the ELISA-positive fraction of Ahsidia corqlmhifera. The mol. wt. 

distribution of Thamnidium elegans EPS (Fig. 7c) was again different from that of 

Ahsidia corvmbifera and that of Syncephalastrum racemosum. However, in this case a 

similar fraction was also determined to be immunochemically active. The sugar compo- 

sition of the EPS preparations from these three species differed markedly as shown in 

Table I. 

DISCUSSION 

In this study, high-performance size-exclusion chromatography and ion-ex- 

change chromatography were combined with ELISA detection to study the extracellu- 

lar polysaccharides excreted by species of Mucorales. 

Each of the EPS preparations of the mould species belonging to the Mucorales 

tested contained a 27-29 min size-exclusion chromatography fraction, reactive with the 

antibodies raised against EPS of M. racemosus. In the EPS preparations derived from 

Mucor species, only small portions of neutral polysaccharides were found, if species 

were grown on D-glucose as the carbon source. In addition to the 27729 min reactive 
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