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A ~-l,6-glucan glucanohydrolase involved in hydrolysis of cell-wall glucan 
in Schizophyllum commune 

Regulation of a cell-wall glucan-degrading enzyme (R-glucanase) has been 
implicated in fruiting and sexual morphogenesis of the basidiomycete Schizophyllum 
commune1, 2. The enzyme acts on tile r-I,3, fl-I,6-1inked R-glucan that together with 
chitin constitutes the alkali-insoluble portion of the wall a. Another cell-wall glucan 
of S. commune, called S-glucan 3 and containing a-I, 3 linkages 4, is not subject to 
degradation in the fungus. During morphogenesis, changes in R-glucanase activity of 
mycelial extracts are not paralleled by similar changes in enzymic activities as de- 
termined with laminarin (fl-I,3-glucan) or pustulan (fl-I,6-glucan) as substrates 2. This 
suggests a peculiar specificity requirement for R-glucanase. 

A crude external-enzyme preparation was prepared from the medium of fruiting 
cultures of S. commune K8 (refs. I, 3) by acetone precipitation (2 vol., --20°). After 
dialysis against water, insoluble matter was removed and the enzyme solution was 
freeze-dried. External-enzyme preparation showed hydrolytic activity towards R- 
glucan (contaminated with approx. 15% chitin), laminarin, pustulan, yeast glucan 
(r-I, 3, fl-I,6-glucan), lichenan (r-I,3, fl-I,4-glucan), p-nitrophenyl-fl-D-glucoside, and 
glycogen (a-I, 4, a-I,6-glucan). Virtually no activity was detected on acid-swollen 
cellulose (fl-I,4-glucan), chitin (fl-i,4-1inked N-acetyl glucosamine), nigeran (a-I,3, 
a-I,4-glucan ), and S-glucan. 

External-enzyme preparation was fractionated on Sephadex G-Ioo (Fig. I). 
Peak I, containing activities on all substrates tested, constitutes the excluded volume 
of the column. It should be remarked that enzyme activities are found exclusively in 
this volume when elution is performed with water instead of Mcllvain buffer. This 
suggests that enzyme dissociation occurs during elution with buffer (cf. ref. 5). Esti- 
mation of reducing groups 6 and glucose (Glucostat reagents) in the laminarin hydroly- 
sates indicated an exo-laminarinase (fl-I,3-glucan glucohydrolase) in Peak II and an 
endo-laminarinase (fl-I,3(4)-glucan glucanohydrolase, EC 3.2.1.6) in Peak III.  Tile 
latter enzyme also acted on lichenan. Fig. I shows that these laminarinases do not 
hydrolyze R-glucan, but yeast glucan appears to be susceptible. R-glucanase and 
pustulanase activities peak together, although the ratios between these activities in 
Peaks I and IV are quite disparate. 

Heat inactivation kinetics of the enzymes present in the first and second R- 
glucanase peaks were followed. R-glucanase and pustulanase from the second peak 
are inactivated concomitantly (Fig. 2B). The diphasic inactivation curve suggests the 
presence of two enzyme species, both with R-glucanase and pustulanase activities. 
The divergence of the curves for R-glucanase activity as determined by total carbo- 
hydrate analysis 7 may be interpreted as indicating that  soluble products split off by 
the more heat-labile enzyme are larger than those produced by the more heat-stable 
enzyme. Fig. 2A indicates that the first peak contains a separate pustulanase in 
addition to R-glucanase. Thus, although enzymes with R-glucanase activity may act 
on pustulan, the external-enzyme preparation also contains an enzyme acting more 
specifically on pustulan. 
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Fig. i. Sephadex G-Too elution profile of external-enzyme preparation (4.5 mg). Eluant:  o.o5 M 
Mcllvain buffer (pH 5-5). incubations were conducted in the same buffer. Hydrolysis of R-glucan 
(q}--O) and yeast glucan (O O): o.25 ml substrate suspension (5 mg/ml) and o.25 ml eluate 
were incubated at 3 °° for 2 h and the release of soluble carbohydrate was determined (anthrone). 
Hydrolysis of laminarin (O . . . . .  O) and pustulan ( @ . . . . .  O) : o.4 ml substrate solution ( ~.25 mg/ 
ml) and o.i ml eluate were incubated at 3 °o for i h and the increase in reducing groups was 
determined. AII glucanase activities are expressed as mg glucose equivalents liberated per ml 
eluate during the time indicated. /5-Glucosidase activity (X . . . .  ×) was measured with p- 
nitrophenyl-f/-D-glucoside as a substrate 2 and is expressed as units (ffmoles/min) per ml eluate. 

Fig. 2. Heat inactivation kinetics of enzymes after Sephadex G-ioo fractionation (see Fig. I). 
A. Enzymes in Peak i (Fractions Io-I5). B. Enzymes in Peak 1V (Fractions 24-33 ) . O, R- 
glucanase (reducing groups); O, R-glucanase (total soluble carbohydrate); A, pustulanase (re- 
ducing groups). Enzyme solutions were incubated at 3 °0 for 1 h. 

L a r g e  soluble  g lucan  f r a g m e n t s  are  t h e  m a j o r  r eac t ion  p r o d u c t s  of  R - g l u c a n a s e  

ac t ion .  F r a c t i o n s  28-35  (see Fig.  I) were  poo led  and  i n c u b a t e d  w i t h  R - g l u c a n  (3 o°, 2 h). 
T h e  r a t i o  o f  a n t h r o n e - p o s i t i v e  ma te r i a l ,  r educ ing  sugar ,  a n d  g lucose  in t he  r eac t i on  

p r o d u c t s  was lO0:18 :  4. T h i n - l a y e r  c h r o m a t o g r a p h y  on cel lulose (mul t ip le  deve lop -  

mer i t  a t  55 ° w i t h  n - p r o p a n o l - w a t e r - e t h y l  a c e t a t e  (7:2 : I ,  v / v /v ) )  r e v e a l e d  glucose,  
gen t iob iose  a n d  p r o b a b l y  h igher  m e m b e r s  of  the /~- I ,6 -1 inked  series. H o w e v e r ,  m o s t  
o f  t he  d e g r a d a t i o n  p r o d u c t s  of  R - g l u c a n  cou ld  be  p r e c i p i t a t e d  b y  a d d i n g  2 vol.  e thano l .  
W h e n  the  l a t t e r  f r ac t i on  was  t e s t e d  as a s u b s t r a t e  for e n z y m e s  in t he  e x t e r n a l - e n z y m e  

p repa ra t i on ,  i t  was  f o u n d  to  be suscep t ib le  to  l aminar inases .  S imi la r ly ,  w h e n  R - g l u c a n  
was p a r t i a l l y  h y d r o l y z e d  wi th  ac id  (2 °/o HC1, I0O °, 2 h) 8, b o t h  t he  e t h a n o l - p r e c i p i t a b l e  
g lucan  in t he  h y d r o l y s a t e  a n d  the  res idua l  g lucan  b e c a m e  suscep t ib le  to l a m i n a r i n a s e s  
in t he  e x t e r n a l - e n z y m e  p r e p a r a t i o n .  T h e  e x o - l a m i n a r i n a s e  was  the  mos t  a c t i v e  in th is  
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respect. This indicates that the fl-I,3 linkage in the intact R-glucan is inaccessible to 
enzymes which normally hydrolyze these bonds in laminarin. 

Although no statements can be made concerning the linkages in R-glucan 
actually broken by R-glucanase (cf. ref. 9), the results suggest that enzymes with R- 
glucanase activity must be classified as fl-I,6-glucan glucanohydrolases. However, 
since S. commune also manufactures an enzyme acting more specifically on the homo- 
polymer pustulan, there appears to exist an as yet unknown specificity requirement 
in addition to the presence of 6-substituted glucosyl units. Therefore, R-glucanase 
activities in crude extracts cannot be assayed with pustulan as a substrate. Enzymes 
of the R-glucanase type may play important roles as initiators of softening or lysis of 
insoluble fungal cell-wall/5-glucans. 

A generous gift of pustulan by Dr. E. T. REESE,  U.S. Army Natick Laboratories, 
Natick, Mass., is gratefully acknowledged. 
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