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AB!n-RAcT 

A commercial enzyme preparation, of fungal origin, contained a mixture of 
/3-D-glucanases which were fractionated by ion-exchange chromatography to give a 
mixture of an endo-(1+4)- and an exo-(l-,3)-/I-o-glucanase. These two enzymes were 
then separated by molecular-sieve chromatography on Sephadex G-150. The purified 
exo-(1+3)-j?-o-glucanase has a relatively high specificity for (l-+3)-/?-D-glucosiclic 
linkages, and has no action on lichenin. 

INTRODUCTION 

Enzymes capable of hydrolysing /3-D-glucosidic linkages are widely distributed 
in fungi26. These enzymes exhibit a variety of substrate specificities and action 
patterns’, and these properties have been used to advantage in the structural analysis 
of /I-o-glucans. An exo-(l +3)-j?-o-glucanase8 from Busidiomycete species QM806 and 
an endo-(1+3)+r+glucanase from Rhizopus arrhizus2vg have been widely used for 
this purpose. We now describe initial studies on the characterization of the B-D- 
glucanases from a commercially available, &gal-enzyme preparation, which is 
marketed as “Glucanase GV” (A/S Grindstedvaerket, Brabrand, Denmark) for use 
in the Brewing Industry lo. 

EXPERIMENTAL. 

The enzyme preparation was supplied as a liquid concentrate which contained 
a high proportion of reducing sugar, as detected by the modified Nelson” and 
phenol-sulphuric acid reagents . l2 Protein was therefore precipitated from a l-litre 
sample of enzyme by the addition of solid ammonium sulphate to 80% saturation 
(yield, 5.3 g). 

The preparation of substrates and the procedures for the assay of p-o-glucanase 
activities have been described in detail previou~ly’~~~. 

*Dedicated to the memory of Professor Edward J. Bourne. 
%xiies on &Glucanases: Part IV. For Part III, see Ref. 1. 
t+Present address: The Rockefeller University, New York, N.Y. 10021, U. S. A. 
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ammonium sulphate precipitate showed activity towards laminarin, 
lichenin, and CM-cellulose (reductometric assays), and barley-j?-D-glucan and CM- 
cellulose (viscometric assays). Fractionation of this material on DEAE-cehulose 
(Fig. I) showed several peaks of /I-D-glucanase activity. A single peak of (1+3)$-D- 
glucanase activity was eluted at the beginning of the salt gradient and was partially 
separated from a peak having activity towards lichenin. Several peaks of (l-+/?-D- 

glucanase were eluted at higher concentrations of salt. These peaks also showed 
activity towards lichenin. It should be noted that, in Fig. 1, the size of the samples 
used for assay against CM-cellulose were one-tenth of those used for the laminarinase 
and lichenase assays, so that the preparation has a relatively high endo-(1+4)-B-D- 
glucanase activity. 

Salt gmdient 
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Fig. 1. Fractionation of “Glucanase GV” on DEAE-cellulose. The O-80% ammonium sulphate 
fraction (500 mg) in 2Omhl citrate-phosphate buffer @H 8.0) was applied to a coIumn (20 x 2.5 cm) 
of Whatman DE-52, equilibrated with the same buffer. Protein ( ) was eluted by buffer 
followed by a salt gradient (o-tl.0~ NaCl in 20mM citrate phosphate, pH 8.0). Fractions (8 ml) 
were collected and aliquots (0.1 ml) were assayed against laminatin (0 -0) and lichenin (9-_-e). 
Aliquots of 0.01 ml were assayed against CM-cellulose (A- A) by a reductometric method”. 
Fractions under the heavy bar were combined, and concentrated by ultiltration. 

The (143)~&o-glucanase was completely separated from lichenase activity and 
further purZed by molecular-sieve chromatography on Sephadex G-150 (Fig. 2 and 
Table I). Although the overall degree of purXcation was only 11.6-foId, this level is 
similar to that reported for other fungal exo-(1-+3)-/3-D-glucanases, e.g., the enzymes 
from a Bzsidiornycete ’ 4 QM806 and from Sclepotinia libertiana’ 5 were obtained in a 
homogeneous or crystalline state after only a 7- or S-fold increase in specific activity. 
These observations suggest that a high proportion of 1912 protein secreted into the 
medium by these organisms is exo-(l-+3)-8_D-ghmanase. 
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Fig. 2. Fractionation of (1+3)-&D-glucamse on Sephadex G-150. Combined fractions from 
DEAE-cellulose chromatography were applied to a column (60 x 2.5 cm) of Sephadex G-l 50 in 
0.1~ acetate buffer (pH 5.0). Fractions (4 ml) were collected, and assayed for pioteixl ( )* 
and against kminarin (O- 0) and lichenin (-@)). 

TABLE I 

PURIFICzUION OF THE (1+3)-/3-D-GLUCANASa 

Stage Total Total 
protein (mg) unit? 

Specific activity Pwi&ation yield 
(units/mg of protein) (fold) (%) 

Ammonium sulphatti 
o-80% 31s 175 0.55 - 100 

DEAE-cekdose 109 133 . 1.20 
Sephadex G-150 12.6 81 6.40 1::: 

76 
46 

%e amount of starting material was 500 mg. bl unit is defined as the amount of enzyme liberating 
1~01 of D-glucose per min. in a digest containing OS ml of 1% lamimuin. 0.48 ml of O.lM sodium 
acetate buffer (PH 4.8). and 0.02 ml of appropriately diluted enzyme solution at 37”. 

In 0.05~ sodium citrate-phosphate buffer, the enzyme showed optimum 
activity towards laminarin between pH 4.0 and 5.5, with a maximum at pH 4.8. It had 
a molecular weight of -63,000 based on molecular-sieve chromatography using a 
column of Sephadex G-100, calibrated with bovine serum albumin, ovalbumin, 
pepsin, a-chymotrypsinogen, and ribonuciease. 

The enzyme was characterized as an exo-(l+3)-/3-D-glucaRase by the following 
observations: (a) it degraded both the soluble and insoluble forms of laminarin, 
liberating D-glucose as the only major product throughout the incubation; (b) it did 
not diminish the viscosity of CM-pachyman solutions; (c) with insoluble laminarin, 
the rate of release of D-glucose determined by reducing-power measurements was the 
same as that from D-glucose-oxidase assays (Table II); (6) it did not attack pcriodate- 
oxidised laminarin (prepared by Dr. G. Fleet) at a signi.&ant rate, although Smith- 
degraded laminarin was readily hydrolysed (Fig. 3). In the latter substrate, the 
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non-reducing D-@ucose residues in the original laminarin, which are oxidised by 
periodate and then subsequently reduced, are removed during the mild hydrolysis 
with acid. 

RATE OF HYDROLYSIS OF -S BY EXo-(1+3)-/3+GLUCANAsE’= 

Substrate Insoluble huninarinb Insoluble Zaminariti Soluble laminad 

Time (min) 
5 

10 
15 
30 
60 

12 9 6 
23 20 18 

- - 
68 64 :; 

124 120 116 

We digests consisted of 7.5 ml of 0.1% laminarin, 6.0 ml of sodium acetate buffer (O.~M, pH 4.8), 
and 1.5 ml of a 1:250 dilution of puriiied enzyme in buffer, and were incubated at 37”. Samples 
(1 ml) were analysed at intervals, the enzyme being inactivated by heating (lOO”, 5 min). “pg of 
D-glucose liberated (NelsonSomogyi assay). %g of D-glucose liberated (D-glucose-oxidase assay). 

The action of the purified enzyme on various substrates was investigated by 
incubating substrate (5 mg) with acetate buffer (0.1 ml; 0.02~, pH 5.0) and enzyme 
solution (0.1 mi, 1:250 dilution) for 24 h at 37”. The digests were analysed by paper 
chromatography tier 6 and 24 h. Compared to the rapid attack on laminarin, 
Iaminaritriose was only slowly attacked, and the rate of hydrolysis of paramylon 1 6, 

10 20 30 40 50 60 
Time (min) 

Fig. 3. Rate of hydrolysis of laminarin detivatives by purified exe-(1+3)-B-D-glucase. Digests 
contained 6.0 ml of 0.1% substrate, 4.8 ml of sodium a+ate buffer (0.1~ pH 4.8), and 1.2 ml of 
enzyme solution (1:250 dilution of purified enzyme, containing 0.108 unit/ml), and were incubated 
at 37”. Samples (I ml) were withdrawn at intervals for analysis 1 I_ Key: -9, Smith-degraded 
kminarin; o- 0, borohydride-reduced, soluble kninarin; A- A, CM-laminarin (average 
degree of substitution, 0.31 per n-glucose residue); A- A, periodate oxidised laminarin. For the 
last substrate, the enzyme concentration was increased 5-fold. 
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laminaribiose, and laminaribiosyl-mannitol was even lower. The slow attack on 
paramylon is most probably due to the low solubility of the substrzte. The following 
substrates were not attacked: laminarin polyalcohol, luteose, xylan, cellodextrin, 
ccllobiose, cellobiitol, glucosyl-mannitol, laminaribiitol, gentiobiose, sophorose, and 
&?-trehalose. The enzyme therefore shows a high degree of spec*city for substrates 
containing linear sequences of three ormore (l-+3)-linked b-n-glucose residues which 
are terminated by a non-reducing residue. However, a moderate degree of substitution 
of the D-glucose residues may be tolerated, since CM-laminarin is slowly hydrolysed 
(Fig. 3). Borohydride-reduced, soluble laminarin, as expected, was readily hydrolysed 
by the enzyme. Sclerotan, from ScZerotinia scZerofioram5, was hydrolysed to give 
glucose and gentiobiose. 

The enzymic activity towards lichenin (Fig. 2) decreased the viscosity of 
solutions of barley /3-D-glucan and also released reducing sugars from CMi;ellulose. 
With lichenin, the major product was a trisa.ccharide, tentatively identified as 4-O-/_% 
laminaribiosyl-D-glucose from its paper-chromatographic mobility; other products 
were ccllobiose and traces of a higher oligosaccharide. Endo-(1 +4)-/3-D-glucanases 
with a similar ability to degrade mixed-linkage @-o-glucans have been identified from 
Aspergillus niger 1 7 and Trichoderma viride ’ E’. 

DISCUSSION 

The present studies have demonstrated the presence of several /I-D-glucanase 
components in a commercially available enzyme preparation of fungal origin. Since 
two of these components, an exo-(1 +3)-p-D-glucanase and an endo-(1-+4)-P-~- 
glucanase capable of hydrolysing both lichenin and CM-cellulose, can be readily 
separated and purified, they should provide useful tools for the structural analysis of 
p-D-glucans containing (1+3)-linkages, either alone, or together with either (1+4)- or 
(1+6)-linkages. For example, laminarin has been fractionated by chromatography on 
DEAE-Sephadex (molybdate form) to give the D-glucose-terminated molecules 
(G-chains) and mannitol-terminated molecular (M-chains)lg. Incubation of the 
G-chains with the exo-(1+3)-/?-o-glucanase gave D-glucose and gentiobiose as the 
only products. Similar digestion of the M-chains gave D-glucose, gentiobiose, and 
D-glucosyl-manuitol. These results provide clear evidence that the small proportion of 
(1+X+/3-n-glucosidic linkageszO in laminarin are present in both the G- 2nd the 
M-chains. The results also show that the enzyme can by-pass resistant linkages, and 
hence, complete the hydrolysis of laminarin. Details of these and related experiments 
on the structure of yeast cell-wall /3-D-glucans will be reported elsewhere. 

The recent literature contains several references to exo-(l+3)-/I-D-glucanases, 
including enzymes isolated from Helix pomatia’ ‘, sea-urchin eggs2’, three species of 
yeast (Fabospora fragilis2 3, Hrmsenula anomala23, and Saccharomyces cerevi.Gae2 3P ‘“1 
and from other fungi, e.g., Phytophihora palmivora”, Sclerotinia iibertianals, 
Coniothyrium minita&, and Trichoderma viride’. As a group, these enzymes show 
various degrees of speci&ty. The enzyme from Hehkpomatia2 ’ can slowly hydrolyse 
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some (l-4)- and (I +6)-j%D-@uCOsidic linkages, in addition to the (l---,3)-type, whilst 

certain yeast exo-fl-D-glucanases act on both laminarin and pustulan23*z4. The 
purified Grindsted enzyme resembles that from the other fungi5, 15925 in its relatively 
high speciscity for (1+3)-/?-r+glucosidic linkages, and its ability to by-pass (l-6)- 
inter-chain linkages in branched substrates such as laminarin or sclerotan, and hen-cc 
complete the degradation of the substrate. This latter property contrasts with the 
hydrolysis of starch by certain exo-amylases whose activity is arrested by inter-chain 
linkages. 
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