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ABSTRACT 

An endo-(1+6)-/?-D-glucanase (EC 3 2 l), Isolated from the culture filtrate of 
Mucur hzemaZz.s, was purfied by ammomum sulphate fractionation and gel filtratlon 
The homogeneity of the enzyme was confirmed by 
had a wide range of temperature and pH stablhty, 
action pattern of the endo-type 

INTRODUCTION 

drsc electrophoresls The enzyme 
bgh substrate spec~&ty, and an 

(l-+6)-/?-D-Glucans have been Isolated from hchensf-4, yeast’, and Pemc&um 

sP 6-g, and (1-6)~B-D-glucanases are also known (l-6)-B-D-Glucanase actlvlty has 
been detected m Sclerorrnra hbertranalo, Rhlzopus sp lo ‘I, Penrcdhum brefei- 

’ 2 d~anum , Actmomycetes ’ 3, Bacdlus clrcubs’ 4, Streptomycetes’ ‘, Sh~zophrihm 
comnzune’ 6, and Aspergzllzu zmzmz I7 The enzymes isolated from Gzbberella fzqzkuroz 

by Shbata et al l8 and from Rhzzopus chznensis by Nagasalu et al. lg have been stu&ed 
m detail. We have studled various glycosldases secreted by fungi’, and we now 
report on the purtication and some propertles of a (1+6)-B-D-glucanase Isolated from 
Mucor hiemalzs 

MATERIALS AND METHODS 

Mzcro-organzsm - After screenmg tests using a medmm contammg (l-6)- 
B-D-glucan as the sole carbon source, Mucor hzemahs was selected as the source of the 
(1-6)-/?-D-glucanase 

Enzyme resays - 1 Unit IS detied as the amount of enzyme whch yields 
1 pmol of reducmg sugar when a xuxture of 0 5 ml of (l-h)-#?-D-glucan (0 2%), 
0.5 ml of enzyme solution, and 1 ml of 0 1~ acetate buffer (pH 4 5) IS mcubated for 
1 h at 55” 0 2-O 4 U of enzyme was a convement amount to use expenmentally For 
the detectlon of (1+3)-/3-D-glucanase activity, 0 2% of lammaran was used. Reducmg 
sugar was measured by the Somogyl-Nelson method2’ l 22 

*Fungal Glycosldases Part II For Part I, see Ref 1 
. 
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Protein assays - Protem content was determmed by the absorbance at 280 nm 
or by the method of Lowry et 01 23. 

Substrates - (l-+6)-B-D-Glucan (xslanclman) was punfied from a culture 
titrate of Penicilhum zslandrcum IF0 4872 accordmg to the method of Nakamura 
et al **’ Pachyman24, lammaran25, yeast glucan26, yeast mannan27, and mgeran2* 
were putied by the literature procedures The followmg substrates were purchased 
commercrally- dextran, earboxymethylcellulose (Na salt), soluble starch, phenyl 
p-D-glucopyranosrde, methyl a-D-glucopyranoside, trehalose, turanose, cellobrose, 
maltose, sucrose, mehblose, gentIobIose, Isomaltose, melezltose, and rafiose 

Ohgosacchandes of the (1+6)+?-D-hnked senes were prepared by partral, acid 
hydrolysrs (0 3~ H,SO,, 1 5 h) of the (I-&)-P-D-ghxan extracted from Gyroplzora 
escuknta3 . ,4fter hydrolysis, the ohgosacchandes were isolated by elutron from 
charcoal-Cehte, using a 0430% ethanol gradrent, followed by p c whatman 3&ni 
paper, multrple development, I-propanol-ethyl acetate-water, 6 1 3 (Solvent A)12’ 

PurzJcatzon of rhe enzyme - A culture of M hzemdzs (1 9 1) was Incubated m 
a recrprocal shaker (115 trmes/mm) at 25” The culture medrum contamed 0 2% of 
rslandrcan, 0 2% of (NHd)zSOa, 0 2% of KHzP04, 0 1% of MgS04 7H20, and 
0 01% of yeast extract (Wake Pure Chemical Ind Ltd.) After 3 days (see Table I), 
the culture was fdtered through a nylon cloth, lalyzed agamst custllled water for 24 h 
at low temperature, and then iyophrhzed to grve a white powder (L-l) (2 498 g) A 
solutxon of L-l m drstllled water (50 ml) was centnfuged, ammomum sulphate was 
added to the supematant to 0 7% saturatron, and the mrxture was stored III a 
refrrgerator ovemrght The precrpltate was collected after centrrfugatron at 10,000 
r p m for 10 mm, and lssolved m drsblled water (5 ml), and the solution was 
dralyzed against dishlled water at 5” overmght and then lyophrhzed to grve L-2 
(0 044 g) L-2 was eluted from a column (1 5 x 90 cm) of Sephadex G-100, usmg 
0 01~ phosphate buffer (PH 7 2) contammg 0.5&f KC1 A portion (0 1 ml) of each 
fractron (3 ml) was assayed for enzyme actlvrty 

TABLE I 

PRODUCTION 0~(1+6)-/S-D-GL~CANASEDURING GROWTH OF Mucorhremah 

Time ofgowth (days) 1 2 3 4 6 8 
PH 

“o&J4 
41 37 36 36 36 

(1~-8-D-Glucanaseactlvlty (urut/o 5 ml) 0 390 0 319 0 386 0 382 0 297 

General propertres of the enzyme. - (a) Eflect of pH. The pH stabmty was 
exammed by treatment of the enzyme wrth the appropnate buffers for 20 h at 25”, 
and the pH optunum was determmed by usmg the enzyme assays described above 

(6) E$ixt of temperature The heat stab&y of the enzyme was determmed by 

assaymg enzyme activity after incubation of the enzyme with acetate buffer @H 4.5) 
for 10 mm at each temperature. 

(c) Effect of merai Ions and bovtne serum albumm. The acfsvrty of the enzyme 
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was determmed m the presence of each of the followmg salts MgCI, 6H,O, 
CaCll -2Hz0, ZnClz. CdS04, CuS04-S&O, HgCl,, FeCI, -6H,O, and aIso m the 
presence of bovme serum albumin (Wake Chermcal Ind. Ltd_). 

(d) I&,, value The Km value was obtamed by mcubatrng the enzyme with various 
concentratxons of lslandlcan for 10 mm 

(e) Substrate specrfczty. 0 2% of each substrate was used 
cf) Mode of actzon of the enzyme After the enzyme had acted on Aandxan for 

0 5, 1, 2, and 3 h, each solutzon was concentrated, and subjected to chromatography 
on Toyo Rosh No 50 paper (solvent A). LIkewIse, the products from each (I-@+ 
D-ohgosacchande were mvestigated Detectzon was effected with alkalme szlver 
mtrate30, and molar matzos were detennmed, after paper chromatography, by the 
phenol-sulphunc acid method3 1 

(g) DISC electrophoreszs DISC electrophoresls of the enzyme was carried out 
m glycme buffer (PH 8 3) for 2 h and p-alamne buffer @H 4 5) for 1 8 h with a 
current of 2 mamp per Blogel column After electrophoresls, the column was cut Into 
20 2 5-mm shces Each shce was extracted with 0 5 ml of 0 1~ acetate buffer @H 4 5), 
and each extract was mcubated with the substrate at 55” for 3 h 

RESULTS AND DISCUSSION 

Although (1+6)-P-D-glucanases have been detected m varzous fungz, the 
productlon of a (l-+6)-/3-~-glucanase by the Mucor genus has not been documented 
htherto. 

The specfic a&v&y of the culture f?.ltrate was Increased 2-fold by means of 
ammomum sulphate fractionation (Table II), and 14 Cfold after gel atration on 
Sephadex G-100 The recovery of the actlvlty was 92 4% and 13 6% after ammomum 
sulphate fractionatron and gel filtration, respectively Generally, the culture filtrate 
contamed, m addition to the (I-+/3-D-glucanase, other, Interfering enzymes 
Penzczllrunz brefeldzanzon 1 2 also yIelded substantial amounts of a (1+3)-/3-D-glucanase 

and a j&D-glucosldase which were Isolated by zone electrophoresls 

TABLE II 

PURIRCAITONOF(~+~)-&D-GLUCANASE 

Punjkatron step Total Total 
actmfy protein 
(runts) h?) 

Specr_fic 
rrctlmty 
(unrtslmp) 

Yield 

W) 

Culture titrate 1782 2 82 5 21 6 100 

Ammomum sulphate fracuonatlon 16469 399 41 2 92 4 

Sephadex G-100 gel-filtration 243 0 0 782 310 7 13 6 

By elutlon of the crude glucanase (prepared from M. izzenzalzs) from Sephadex 
G-100, usmg 0.01~ phosphate buffer (PH 7.2) contammg 0 5x6 KCl, the (l-&)-p-~- 

glucanase could be separated from the (l-+3)-fi-P-glucanase (Fsg 1). Elution with 
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Fig 1 Gel liltratIon of crude enzyme on Sephadex G-100 - - - -, protem, 
D-glucanase actiwty, - - - -, (l--+3)-j-D-glucanase actmty 

, (1-a-B- 

Frg 2 Effect of pH on tbe enzyme actmtyz 0 -0, pH stabtity, O---8, PH oPtimum. 
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the KCl-free buffer gave the (1+3)-/3-D-glucanase. Smce Sephadex G-100 is prepared 
from a (l-+6)-a-o-gluean, the adsorption of (1+6)-B-I)-glucanase may be promoted 
and tJ_us effect could contribute to the hxgh punty of the enzyme Isolated 

The pH optimum of the enzyme was 4 5, and the enzyme was stable m the pH 
range 3-7 (Frg 2) It 1s of interest that the optunum pH of the enzyme should be on 
the acid side, as M hienzaks was cultured m an ac&c medium. The pH optima of the 
other (14 6)-/A?-D-glucanases l8 J ’ are 5-6 

In studies of the endo-(1 +-j&D-glucanase from Rhzzopus chznenszs, Nagasaia 
et al I9 stated that potassmm phosphate l&bits enzyme a&on. The (l-&)-/3-~- 
glucanase from M hzemalzs was not mbblted m tis way. 

The optimum temperature of the enzyme was 55” and it was stabie m the range 
30-60”. Even at 70”, -56% of the actlv&y remamed (FIN 3) 

Fig 3 Effect of temperature on the enzyme actwity O- 0, heat stab&y, + 0, temperature 
optmmm 

TABLE III 
ma OF hlETAL IONS ON THE ENZYhlE ACTIVITY 

Relatzve actmty (%) 

None 100 
M$+ 1041 102 5 98 9 
Ca2+ 96.2 93 4 1007 
zll2+ 259 62 8 98 0 
Cd2+ 468 702 101.1 
CU2+ 04 25 1 69 4 
Erg=+ 0 187 858 
FIP 0 53 3 62 3 
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The enzyme was not affected by Mg’+ and Ca2 +, but was moderately mhtbrted 
by Zn2* and Cd2+, and strongly by CuZf, Hg2*, and Fe3+ (Table III) 

The a&v&y of the enzyme was protected and enhanced (119% and 124%, 
respectively) by the addition of 100 or 200 pg/mi of bovme serum albumm 

The K, value of the enzyme, obtamed by a Hofstee plot, was 0 173% (Frg 4) 

FIN. 4 Hofstee plot of the (1-5)~/3-D-glucanase 

Talang the actlwty of the (l-+6)-p-~-g1 ucanase against lslandlcan as loo%, the 

enzyme was shghtly actrve agamst lammaran, but not agamst the other substrates 
tested (Table IV), lammaran contams some (1 -&)-j?-D-hnkages 

TABLE IV 
SUBSTRATE SPECIXTCXTY OF PURIFIE D ENZYUEa 

Po~ysaccharrde Lwkage 

Islanlcan 
Lamirlaran 
Yeast glucan 
Pachyman 
CarboxynethyIcellulose (Na salt) 
Dextran 
Nrgeran 
Soluble starch 
Yeast mannan 

(&+6)-&D- 

(1+3)-&D-, (1+6)-B-D- 
(1+3b,h-, (1+6)-&D- 

(1+3)-&D- 
(l+h)+D- 

(1+6)-a-D- 

(1+3)-a-D-, (~+‘&c+D- 
(l++Y-D-, (146)-a-D- 
(1+6)-&D-, (1+3)-&D- 

(1-+2)-Z-D- 

Actrorty (%) 

100 
27 
10 
0 
09 
04 
0 
0 
0 

‘No actwty was observed agamst phenyl B-D-glucopyranoslde, methyl a-D-giucopyranonde, treha- 
lose, turanose, celloblose, maltose, gentlobiose- lsomaltose sucrose, mehblose, meleutose, and 
lXitillOSf2 

The enzyme appeared to be of the endo-type and had no exo-actron For 
example, it did not attack phenyl #?-D-ghrcopyranoside and, when acting on rslandrcan, 
produced the series (&- to octa-sacchande) of (l-+6)-B-D-ohgosacchandes, but 
D-glucose was not formed Simrlarly, the enzyme did not attack gentrobrose or 
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gentrotnose, but the followmg conversions were observed tetramer + duner; 
pentamer-, drmer and tnmer; hexamer --, Imer, tnmer, and tetramer The enzyme 
actmg on the hexamer gave, mrtrally the tetramer, tnmer, and drmer, but, on pro- 
longed actron, the tier Increased at the expense of the tetramer. The final molar 
ratio of the trimer and drmer produced from the hexamer was 0 34 10 Thus, the 
enzyme cleaved the mner lmkage of the hexamer. 

It IS of Interest to note that the endo-(1 -6)~p-D-glucanase produced by Bacrllus 

czrculans gave gentrobrose and D-glucose from pu~tulan’~ 
After chsc electrophoresrs m glycme buffer (pH 8 3) and /I-alanine buffer 

@H 4 5), the actrve component was present m a single shce A protein band was not 
detected because of the low concentratron of the enzyme protein 

Although the yield 1s not hrgh, the enzyme has hrgh specrficrty and stabrhty, 
and IS likely to be useful for structural analysrs of glycans 

(l-+6)-/I-D-Glucanase actrvrty was not detected m the culture ffmd when 
D-glucose was used Instead of rslandrcan as the carbon source, therefore, the enzyme 
IS induced On the other hand, (1+3)-/3-D-glucanase was detected, even m the 
substrate-free culture 

Apphcatron of the enzyme 111 the structural mvestigatron of glycans wrll be 
described elsewhere 
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