
An end&(1 -+3)-/I-I@ucanase (EC 3.2.1.6), isolated from the culture filtrate of 

the fungus M&or hiemdis, was purified by ammonium sulfate fractionation, gel 
filtration, and column chromatography on O-(carboxymethyl~celose. The optimum 
pl$ optimums temperature, and K, value of the enzyme were pH 5.0, 50*, and 
O&S%, respectiveiy. The enzyme was strongly inactivated by Pb2+, Cu2 +, and 

Hg2’ ions and also inhibited by Zn2+ and Fe3+ ions. The enzyme was specific for 
taminaran and the action pattern of the enzyme was of the endo-type. The molecular 
weight of the enzyme, as determined by gel filtration, was 30,ooO. 

INTRODUCTION 

In our previous paper’, it was shown that a (143)~&D-glucanase is produced 
in the culture filtrate of Mucor hiemahk. A (143)~j?-D-gkanase, accompanied by a 

(I+-/j-D-ghacanase, is present in a wide variety of fungi, such as Penicillium 
species2, Streptomycetes’, Schizophyllum commune4, Rhizopus sp.‘, 3adh.s cir- 

cuhs6, Saccharomyces cerevisiae7, Aspergiilus usad’, and Rhizopus chine&?. We 
now describe puritkation methods and some properties of the enzyme. 

. Enzyme assay. - One unit is detked as the amount of enzyme that yields 
1 pmol of reducing sugar when a mixture of 0.5 ml of laminaran (OS%), 0.5 ml of 
enzymesolution, and 1 ml of O.&i acetate buffer (pH 5.0) is incubated for 1 h at 50”. 
A range bf 0.2-0.4 U of enzyme was suitable for the experiments described. Reducing 
sugak were measnred by the Somogyi-Nelson methodlo*ll. 

1 Protein assay. - For the chromatographic separation, the absorbance at 
280 xUn, and for the quantitative analysis, the methods of Lowry et aZ. “, with bovine 
serum albumin as standard, were used. 

*Dedicated to th; m&y of wfcssor J. XC. N. J&es, F.R.S. 
*F&& city&d&s: P&t IX. For Fart II, see Ref.1. . 
me whom i&e skew ke addnssed. 
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Substrates. - Laminaran was prepared from brown marine algae by the method 
of Black13. (~~~)-/?-D-GIuczI~ (isiandican) was purified from a cuhure fiftrate~ of 
Fenicilhm islandicwn IF0 4872 according to the method of Nakamura er aZ_14*15. 

Yeast mannan’ and nigeran” were puritied by the procedures described in the 
Iite,xture cited. The following substrates were obtained commerciahy: -dextran, 
U-(carboxymethyl)cellulose (Naf salt), soluble starch, methyl c-D-glucopyranoside, 
methyl /?-D-glucopyranoside, cellobiose, gentiobiose, isomaltose, meliiiose, maltose, 
sucrose, trehalose, turanose, melezitose, and rafiinose. (1+3)-&D-Linked gluco- 
oiigosaccharides were prepared by partial acid hydrolysis (0.25~ sulfuric acid, 1.5 h, 
100”) of pachyman. The hydrolyzate was applied to a charcoal-Celite column l6 and 
the fraction adsorbed was separated by multiple-descent (3 times) paper chronato- 
graphy with Whatman No. 3MM paper 6:1:3 1-propanol-ethyl acetate--waterI 
(solvent a). Each oligosaccharide was isolated from the paper chromatogram by 
extraction with water. 

FuriJcation of the enzyme. -- A culture of Mucor hiemalis (1.9 1) was incubated 
in a reciprocal shaker (115 times/min) for 3 days at 2.5”. The culture medium contained 
0.2% of islaudican, 0.2% of ammonium sulfate, 0.2% of potassium dihydrogen- 
phosphate, 0.1% of magnesium suifate heptahydrate, and 0.01% of yeast extract 
(Wake Pure Chemical Industries, Ltd.). The culture atrate was lyophilized, frac- 
tionated with ammonium sulfate, and chromatographed on Sephadex G-100 by using 
0.01~ phosphate buffer (pH 7.2) containing 0.5~ potassium chloride, as described in 
the previous paper l. The (1 +-3)-/I-~glucanase-active fraction was reehromatographed 
on Sephadex G-100 (1.5 x 89 cm) with 0.01~ phosphate buffer (pH 7.2) in the absence 
of 0.5~ potassium chloride. A portion (0.1 ml) of each fraction (4.3 ml) was assayed 
for enzyme activity. The active fraction eluted was dialyzed against distilled water at 
5O, concentrated under diminished pressure at 30-34”, and chromatographed on an 
O-(carboxymethyl)cellulose column (1.5x27 cm) by using 1OmM acetate buffer 
(pH 6.0) with a potassium chloride gradient. -4 portion (0.1 ml) of each fraction 
(2 rnI) was assayed for enzyme activity. 

General properties of the enzyme. - A. Efict of PH. Acetate, phosphate, and 
Carbonate (NaHCO,-Na2COS) buffers were used in the pH ranges of 3.5-6.0,7&8.0, 
and 9.0-l 1 .O, respectively. The enzyme treated by each buffer (0.033~) for 20 h at 22” 
was assayed for activity remaining under the standard conditions. The optimum pH 
was determined by use of each buffer (0.1~) under the standard conditions. 

B. Efici of temperature. To determine the heat stability of the enzyme, the 
activity remaining was assayed under the standard conditions after the enzyme had 
been kept with 0.09M acetate buffer (pH 5.0) for 10 min at each temperature (30-70’) 
in a thermostatically controlled incubator. The optimum temperature was established 
by assaying the enzyme activity at each temperature (40-607 under the standard 
conditions_ 

C. Efict of metal ions. The effect of metal ions on the enzyme activity was 
examined for the following s&s in the range of con&ntration 10-2-10-*M: 
MgCI, * 6 H,O, CaCI, - 2 H20, &Cl,, FeCl, - 6 HzO, Pb(bAc), - 3 HsO, CuSOB - 
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5 H&I, and HgCl, . The relative activity was expressed as a percentage of the enzyme 
activity in the absence of metal ions. 

D. Efict of albumin. The relative activity of the enzyme to which 100 or 
2tlOpg/ml of bovine serum albumin had been added was expressed as a percentage 
of the activity in the absence of bovine s&m albumin. 

E. I&,, value. The K,,, value was obtained by from a Hofstee plot, namely, the 
value of substrate concentration divided by reducing power after incubation for 
30 min plotted as ordinate, and -&be concentration of substrate as abscissa. 

F. Substrate specificity. Measurements of substrate specificity were conducted 
under the standard assay-conditions with the following substrates: 0.5% of laminaran, 
islandican, O-(carboxymethyl)cellulose (Na’ salt), nigeran, soluble starch, dextran, 
and yeast mannan. For methyl glucosides and oligosaccharides (methyl cr-D-gluco- 
pyranoside, methyl @-D-glucopyranoside, cellobiose, gentiobiose, isomaltose, 
laminarabiose, maltose, melibiose, sucrose, trehalose, turanose, melezitose, and 
raffinose), concentrations in the range of 0.032 (1.78)-0.056% (3.1 lm~) were used. 

G. Mode of action of the enzyme. After the enzyme had acted on 2.5 mg of 
laminaran for 0.5, 1,3, and 5 h, each solution was concentrated, deionized by Dowex 
50-W resin, and lyopbilized. The lyophilyzate was subjected to chromatography on 
Toyo Roshi No. 50 filter paper (solvent A). The products of enzyme action, after 
prolonged incubation (48 h), on 2 mg of each (l-+3)-&D-linked oligosaccharide 
(di- to penta-) prepared from pacbyman were similarly detected by paper chromato- 
graphy. The products were detected with silver nitrate-sodium hydroxide2e, and 
corresponding areas were extracted with water and the ratio of the products was 
determined by the phenol-sulfuric acid method”, with D-glucose as the standard. 

H. Molecular weight of the enzyme. The molecular weight of the enzyme was 

determined by the method of Whitaker22, with a Sephadex G-100 column (1.9 x 
90 cm) and the following proteins as standards: bovine serum albumin (mol. wt. 
67,000), ovalbumin (mol. wt. 45,000), myoglobin (mol. wt. 17,800), and cytochrome C 
(mol. wt. 12,400). 

I. Disc electrophoresis. Disc electrophoresis of the enzyme was performed in 
Tris-glycine buffer (6.0 g and 28.8 g/l, pH 8.3) 23*24 for 2.5 h, and in B-alanine-acetic 
acid buffer (31.2 g and 8.0 ml/l, pH 4.5) 2 5 for 1.8 h with a constant current of 1.5 , 
and 1 mA for each Rio-Gel column. After electrophoresis, the column was cut into 
10 slices (each of length 5 mm). Each slice was extracted with 0.5 ml of 0.1~ acetate 
buffer @H 5.0) and the active fraction was detected by incubation of the extracts 
with 0.5 ml of laminaran (O-5%), 0.5 ml of albumin (O.Ol%), and 0.5 ml of 0.1~ 
acetate buBer (pH 5.0). 

RESULTS AND DISCUSSION 

It has been reported that (l-+3)-p-wglucanase is secreted in the culture medium 

of Mucur hiemalis and is roughly separated from an accompanying (1+6)-&D- 
glucanase on a Sephadex G-100 column I. The (1+3)-b-D-glucanase has been further 



Fig. 1. GeI-filqation~pattem of the enzyme onSe;hadex G-100 with O.Olhf phosphate b&i @II 7.2): 
- - -, protein; L, (li3)-~o&kcari~ act&& Fractiok 23-26,ti indic&d by&e he&y 
bti, w&e collected zk the (l+3)-&qhka&6 &mp&kni.~One fraction @mained per 4.3 ml of 
eluzte. 
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Fig. 2. Chromatography of the enzyme on a column of O_(carboxymetbyl)cell~os!q - - -, protein; 
-, (l-+3)-fi-D-glntiase activity. Each fraction coindned Z.O.ml .of ekate; Starting from the 
pokt indicated by the arrow, 0.2~ potassium chloride-in 0.01&r acetate~butfer (EiH 6.0) was added. 
Ractions i&i&ted by the heavy bar were collected as t&e (f&3)-&tiglu~ase wmponknt. j ’ 



Fig. 3. EE& of pH on the enzyme activity: O-O, pH stability; em, pH optimum. 

.J@g. 4- Effect of temperature on the enzyme activity: O-O, heat stability; S-0, optimum tem- 
ptratute. 
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_TAF&EiI 
Emcl OF hG’l-AL SONS ON TX36 ENZYME A&Y 

iU&lion Relative activity Metal ion Relntiue activity 
(comentraffon) (%) (concent7atimz) (%I 

‘. Fez* (IO’* M) 96.3 
N&j ‘. I,-&‘) (IO-= hfj 96.5 

. (IO-Z M) 39.3 

kg= (10-O M) 99.2 . SW+ y: $ 
(10’1M) 

89.8 
too.9 82.2 

(W’ar) : 89.5 -. -. (10-2 x) 8.4 

ca2+ (10’4 ax) 102.8 cW* (10-4 M) 80.4 
.<10’5 &f) 102.9 _ ‘: (IO-3 as) 20.3 
(10-2 bs?. : LM.7 (IO-%) 9.8 

z++ ,(rO-4 M) : .9x4 Hs2+ (IO-4 ~1. 84.9. 
: ..(iO-f-y)_ :~ 81.6 -. : po-3 M) 34.0 

(Jo-t M)-, _. _-. i’7Q.8 (IO-2 M) 9.0 
..,. 

_- . 

.~ ~. 
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Fig. 5. Hofstee plot of the (1+3)-/%u-glucanase. 

Fig. 6. Mode of action of the enzyme. Laminaran (2.5 mg) was incubated with the enzyme in 0.025~ 
acetate hu&r (pH 5.0) at SO”, for 0.5, 1, 3, or 5 h. The products of enzymolysis were detected by 
multiple-descent (3 times) paper chromatography (solvent A) with silver nitratssodium hydroxide 
as the spray reagent. St: glucose, huninarabiose, laminaratriose, laminaratetraose, and laminara- 
pentaose. 

TABLE III 

StJZKrRkTE SPECIFICITY OF THE PURIFIED i&m?& 

Polysacchide Linkage Activity (%jb 

Laminaran (k-3)-B-n-, <l-X+&n- 100 
Islandicali - (1+6)-&D- O 
O-(Carboxymethyl~ellulose ma+ salt) (~+‘@-&D- 0 
Nigeran (143)-C+D-, (i-+&C+D- - 0. 

Soluble starch &+iY-v-~ u+6)a-D- 0 
Fsextran <~+6+a-D- a 
Yeast mannan @+6)-x-D-, (-f--F3j-CC-D~, 

~@-s2gua- . 6 ’ 
~. 

WV actiMy was observed against meffiyl a-D-&rcvpyranvside, methyl /J&lucvpyranos&, cello- 
bfosc, gentfobiose, isomahvse, hunikrabiose, sucrose, ~mehbiose, maltose, trehalose~ turanose, 
mefezftose, and rafhnose. 6Beratiye a&v&y was determfned ather incubation for .I h. _ _ _ 



ranges. :At .pres&nt, the~‘biofogical function of these ghxanases iu the fungus is not 
known. 

The.-activityof theyenzyme was not Wetted by Mg2+ .and Cazf ions, but the 
enzymti w& mod&amly inhibited by Zn”: and .Fe3+, and strongly influenced- by 
Pb”, e2?;andHg2+ ions (Table IQ. The activity of the enzyme w,as protected and 
enha&d -(by-- 134 and 151%, respectively)- by the addition of 100 or 200 crglml of 
bovine ser&nalb.umin. 

The Km *due of the enzyme, as obtained by a Hofstee plot, was found to be 
O.(f48% ,(Fig..5),’ .- 

- .Taking the activity of the (1+3)-IS_D-glucanase against Iamintiran as 100%, 
the enzynie. was inactive against the other potential substrates listed in Table III. 
‘3%~ fact that he enzyme acted on laminaran to produce a- series of (l-3)-&D-linked 
oligosaccharides suggests that-it acts by an endo-type of mechanism (Fig. 6). 

When the.enzym& acted on the (1+3)-&~-oligomers prepared from pachyman 
by partis; &id hydrolysis for 48 h, the foIlowing conversions were observed: tri- 
saccharide was hydrolyzed to glucose and disaccharide, with approximately 30% of 
the trisaccharide remaining; tetra- and penta-saccharides were hydrolyzed to glucose, 
disaccharide, and a very small proportion of trisaccharide (Fig: 7). Thus, the tri- 
saccharide was hydrolyzed with diBiculty by the enzyme, unlike the tetra- or penta- 

Fig. 7. En&kc a&on .on. the (1-t3)-&%oligosaccharides. -A, b&rolyzate -of disaccharide; B, 
disaccharide: C;hydroIyzate of trisaccharide; 9, trkaccharide; E, hydrolyzate of tetrasaccharide; 
F, tet&acch~~de; ‘G, hydrolyzate of petitasaccharide; H, pentasaccharide; Each oligosaccharide 
(2 mg) was incubated wiih the enzyme for 48 h at 50” in 0.02% acetate buffer @H 5.0). The products 
formed by the enqke were detected by multiple-desc+ (2 t@e) paper chromatography (solvent A) 
with silver nitrate-sodium hydroxide as the. spray reagent. 

Fig. 8_6eterm&&on of modular weight of the enzy&‘by gel-filktion on Sephadex G400: 
a, bovine serum &lbun&b. ovatbumin; c,‘(l+3)+n-glocanase; d, myogtobin; e, cytrichrome C. 

-. 
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saccharides. Therefore, the enzyme may be used for determining the presence of 
chains longer than a trisaccharide. 

Nagasaki e6 al. reported that prolonged incubation of laminaratriose gave rise 
to laminarabiose and glucose with the (I-+3)-j?-D-glucimse of Rhizopus chinensis 
R-69, whereas laminarabiose did not show quantitatively significant alterationg. 
Interestingly, the action pattern of the (l-+3)-8_D-glucanase and (l-+6)-/I-D-glucanase 
from Mucor hiemdis resemble those from R. chinensis, and these two organisms are 
representative of the Mucorales. 

The molecular weight of the enzyme, as determined by the method of Whitaker, 
was 30,000 (Fig. 8). By disc electrophoresis, a protein band could not be detected at 

low concentration, but the active fraction was detected in the 5th slice from the origin 
when a /I-alanine-acetic acid btier (pH 4.5) was used, whereas the active fraction 
did not migrate when Ii-is-glycine buffer @H 8.3) was employed. Therefore, it was 
presumed that the enzyme was essentially homogeneous and was a basic protein. 

Thus, the (1 +3)-B-D- and (1 +6)-B-D-glucana~es isolated from A$ucor hiemalis 
should be of value for the structural examination of soluble glucaus. 
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