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Use  of the exo-f l -  (1-->3) Glucanase  from Bas id iomyce te  QM 806 in Studies  on Yeast 

The s t anda rd  m e t h o d  used for analys ing yeas t  cell 
c a rbohydra t e s  1 depends  on the  different ia l  solubil i ty of 
glucan, mannan ,  and  glycogen in alkali  and acid. I t  has  
been  found,  however ,  t h a t  when  the  isolated cell wall is 
t r ea t ed  wi th  alkali, even as di lute  as 3%, mos t  of t he  
glucan, as well as the  m a n n a n  dissolves, and  a t rue  
f rac t iona t ion  of the  ca rbohydra t e s  is no t  ob ta ined  2. In  
add i t ion  to this,  s tudies  on yeas t  p ro top las t s  f r equen t ly  
use the  digest ive juice of Helix pomatia to  degrade  the  
cell wall 3-s. Apa r t  f rom consis t ing of a large mix tu re  of 
enzymes  3, th is  p repa ra t ion  has the  d i sadvan tage  t h a t  in 
mos t  cases i t  gives rise only to yeas t  spheroplas t s  and no t  
t rue  pro toplas t s .  

An exo-f l - ( l+3)  glucanase,  isolated and purif ied f rom 
Basidiomycete QM 8067 has been found to cause a lmos t  
comple te  solubil izat ion of the  yeas t  cell wall. In  view of 
this,  it  has  been  successfully used b o t h  in the  analysis  of 
the  cell wall  ca rbohydra t e s  of Saccharomyces cerevisiae 
and  in the  s tudy  of p ro top las t  fo rmat ion  f rom S. cerevisiae 
and  Wickerhamia fluorescens. 

Experimental. Cell wall analysis. Cell walls of S. cerevisiae 
were p repa red  free f rom cy top lasmic  con tamina t ion  b y  
the  m e t h o d  of MILL s . They  were found to  consist  of 
88-93% ca rbohydra t e  by  hydrolys is  and m e a s u r e m e n t  of 
t he  to ta l  sugar s, 10 

Cell walls (20 mg) in 0.05 M ace ta te  buffer  p H  5.0 
(20 ml) were incuba ted  wi th  200 uni ts  of purif ied gluca- 
nase ix overn igh t  a t  25~ The mix tu re  was centr i fuged 

and the  residue was washed  and  suspended  in water  
(5 ml). The s u p e r n a t a n t  and washings  were made  up to  
25 ml  (S I). Mannan  was p rec ip i t a t ed  f rom S I by  Fehl ing 's  
solut ion and  af ter  wash ing  in 0.1 N NaOH,  was dissolved 
in 10 N H , S O  4 (0.1 ml) and m a d e  up to 10 ml  wi th  water .  
S I (5 ml) was also t r ea t ed  wi th  e thanol  (15 ml) and tlae 
p rec ip i t a t e  was r emo v ed  by  centr igufat ion,  washed  in 
75% e thanol  and dissolved in wa te r  to 10 ml. The Super- 
n a t a n t  and  washings  af ter  r emova l  of e thanol  under  
reduced  pressure  were made  up  to 20 ml  (S II). Total  
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Fig. 1, a-h. Protoplast formation in Wickerhamia fluorescens (for explanation see text). • 1950. 
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Carbohydrate composition of cell wall of Saccharomyces cerevisiae 

Fraction Total carbohydrate Reducing groups Sugars identified by chromatography 
(% of wall dry wt.} (% of wall dry wt.) 

Supernatant 1 89 40 
Supernatant 2 49 39 
Fehlings ppt. 37 ; Negligible 
Alcohol ppt. 40 Negligible 
Residue 0.5 Negligible 

Glucose, gentiobiose, non migrating material 
Glucose, gentiobiose 
Mannose 
Mannose a 

Fraction hydrolyzed before chromatography. 

sugar  was measured  in all f ract ions  by  the  phenol  sup  
phur ic  acid m e t h o d  10 and reducing groups were measured  
in S I and  S II  b y  the  NELSON SOMOGYI methodiC. The 
sugars p resen t  in these  fract ions were ident i f ied b y  pape r  
c h r o m a t o g r a p h y  in pyr id ine  : e thy l  ace ta te  : wa te r  (2 : 5 : 7 
top  layer), and  were revealed by  alkaline silver n i t ra te .  
The results  are shown in the  Table.  

The results  indicate  glucan and  m a n n a n  to be the  only  
ca rbohydra t e s  in the  cell wall  of S. cerevisiae. As only 
mannose  was found in the  hydro lysa te  of the  alcohol ppt ,  
a smal l  a m o u n t  of m a n n a n  m u s t  have  been  lost  f rom the  
Fehl ing ' s  ppt .  The to ta l  m a n n a n  was therefore  40%. The 
to ta l  sugar  in S I I  (49%) represents  the  to ta l  glucan of 
which  82% (40% of wall) was hydro lyzed  by  the  f i - ( l+3)  

glucanase.  The presence of only  glucose and  gent iobiose 
in S I I  indica ted  t h a t  the  remainer  of the  glucan was 
fl-(1-~6) linked. Such a f inding suppor t s  previous work  
wi th  isolated glucan 13, n.  

Protoplast Formation. S. cerevisiae and  W. /luorescens 
cells f rom the  logar i thmic  g rowth  phase  were  ha rves ted  by  
cent r i fugat ion  and washed  in 0.1 M mercap to -e thano l  
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Fig. 2, a-h. Protoplast formation in Saccharomyces cerevisiae (for explanation see text). • 2540. 
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(5-10 min]  15. Af te r  wash ing  in 0.1 M cacody la te  buffer ,  
t he  ceils were r e suspended  in a s tab i l i z ing  p r o t o p l a s t  
m e d i u m  (18 ml  0.55 M D - m a n n i t o l ;  t .5  ml  M c I l v a i n ' s  
c i t r a t e  p h o s p h a t e  buf fe r  p H  5.6; 0.75 ml  MgSO,  7H20 ) s. 
Pur i f ied  f l - (1+3)  g lucanase  (80-100 uni ts)  was  added  to  
1 ml  of cells suspended  in the  p r o t o p l a s t  m e d i u m  an d  
p r o t o p l a s t  f o r m a t i o n  was fol lowed b y  phase  c o n t r a s t  
microscopy.  

A polar  m o d e  of p r o t o p l a s t  fo rmat ion ,  sugges t ing  a 
poss ible  c o n c e n t r a t i o n  of t he  f l - (1+3) g lucan  can  be  ob- 
se rved  in t he  f i rs t  sequence  of a b u d d i n g  cell of W. 
[luorescens (Figure  1). The  cell wal l  has  been  b r o k e n  open  
a t  t h e  oppos i te  pole  to  t h a t  a t  wh ich  b u d  f o r m a t i o n  t akes  
place. As no  s e p t u m  has  ye t  been  f o r m e d  be tween  m o t h e r  
cell and  bud ,  t he  c y t o p l a s m  of b o t h  m o t h e r  cell a n d  b u d  
are i nco rpo ra t ed  in to  t h e  fo rming  p ro top las t .  The  dif- 
f e r en t  s tages  of p r o t o p l a s t  f o r m a t i o n  can  be c lear ly  seen 
(Figure  1, a -h ) .  I t  is i n t e re s t ing  to  no te  t h a t  t he  cell wal l  
is a l m o s t  i n t a c t  a t  t h e  end  of p r o t o p l a s t  fo rmat ion ,  
sugges t ing  t h a t  d e g r a d a t i o n  proceeds  s lowly in t he  pro to-  
p l a s t  med ium.  The  ful ly  re leased spher ica l  p ro top l a s t s  
were o b t a i n e d  a f t e r  5-10 m i n  (Figure 1, h). 

I n  t he  second sequence  (Figure  2), wh ich  shows a bud-  
d ing  cell o t  S. cerevisiae, t h e  p r o t o p l a s t  is fo rmed  f rom the  
c y t o p l a s m  of t he  bud,  as s e p t u m  f o r m a t i o n  b e t w e e n  b u d  
a n d  m o t h e r  cell is a l r eady  complete .  In  th i s  case p r o t o p l a s t  
f o r m a t i o n  is nonpola r ,  wh ich  m i g h t  ind ica te  a r a n d o m  
d i s t r i b u t i o n  of fl-(1-->3) g lucan  in the  cell wall. The  dif- 
f6 ren t  s tages  of p r o t o p l a s t  f o r m a t i o n  are shown in F igure  

2, a -h .  The  ful ly re leased p r o t o p l a s t  (h) is aga in  spher ica l  
a n d  t h e  b u d  r e t a ined  i ts  or ig inal  shape  t h r o u g h o u t  t h e  
sequence  of p r o t o p l a s t  fo rmat ion ,  wh ich  las ted  for t h r ee  
minu tes .  

The  p ro t o p l a s t s  re leased us ing  fl-(1->3) g lucanase  were 
e x a m i n e d  b y  e lec t ron  mic roscopy  to check w h e t h e r  a n y  
wal l  ma te r i a l  s t i l l  a d h e r e d  to  t h e m .  F igure  3 shows a t r ue  
S. cerevisiae p r o t o p l a s t  o b t a i n e d  as p rev ious ly  descr ibed.  
T h e  ar rows ind ica t e  p a r t i c u l a r l y  well  revea led  sect ions 
of the  cy top la smic  m e m b r a n e ,  t h e  whole  of wh ich  is 
shown  to be en t i r e ly  free of a d h e r i n g  cell wal l  f r agments .  
The  fl-(1--~3) g lucanase  is t h u s  capab le  of p roduc ing  t rue  
p r o t o p l a s t s  f rom yeas t  cells, even  a f t e r  t h e y  h a v e  been  
pref ixed  in g lu t a ra ldehyde .  

Discussion. T h e  ap p l i c a t i o n  of t h e  ex t race l lu la r  exo-fl- 
( 1+3)  g lucanase  f rom Basidiomycete QM 806, to  t h e  ana-  
lys is  of yeas t  cell walls  a n d  t h e  f o r m a t i o n  of yeas t  p ro to-  
p la s t s  has  been  d e m o n s t r a t e d .  The  fac t  t h a t  th i s  enzyme,  
in  a pur i f ied  s ta te ,  en t i r e ly  dissolved yeas t  cell walls  m a d e  
i t  a n  ideal  tool  for  ana lys i s  of t h e  ca rbohydra t e s ,  as i t  
caused  changes  on ly  i n i t s  specific s u b s t r a t e  (fl- 1 + 3  glucan).  
I n  add i t i on  i t  gave  i n f o r m a t i o n  on  t h e  a m o u n t  of th i s  sub-  
s t r a t e  p re sen t  in  t h e  walls.  The  e n d o - f l - ( l + 3 )  g lucanases  
of Bacillus circulans is a n d  Cytophaga ]ohnsonii 17 were n o t  
able  to  cause  comple te  so lub i l iza t ion  of t h e  cell walls  of 
S. cerevisiae as did  t h e  Basidiomycete enzyme.  Nor  were 
these  endoglucanases  so effect ive  in p r o d u c i n g  p ro t o p l a s t s  
f rom S. cerevisiae. 

The  m e t h o d s  descr ibed  using Basidiomycete QM 806 
f l - (1+3)  g lucanase  would  be useful  in  a c o m p a r a t i v e  s t u d y  
of the  cell wal l  compos i t i on  an d  p r o t o p l a s t  f o r m a t i o n  in 
d i f fe ren t  yeasts ,  or in  a s t u d y  of t h e  effect  of g r o w t h  con- 
d i t ions  an d  age on  cell wal l  compos i t ion  a n d  p r o t o p l a s t  
fo rmat ion .  In  v iew of t h e  p u r i t y  of t h e  p ro t o p l a s t s  ob ta in -  
ed w i th  th i s  enzyme,  i t  shou ld  also p rove  useful  for s tudies  
on  t h e  p ro top l a s t s  themse lves .  

Rdsumd. L'exo-fl-(1->3) glucanase,  isol6e du  Basidio- 
mycete QM 806 a 6t6 ut i l is6e avec succ~s pou r  ! ' ana lyse  des 
po lysacchar ides  de la pa ro i  cel lulaire  de la levure  Sac- 
charomyces cerevisiae et  pou r  la f o r m a t i o n  de p ro top l a s t e s  

p a r t i r  de Saccharomyces cerevisiae et  Wickerhamia 
[luorescens. 
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Fig. 3. Electron micrograph of a true protoplast of Saccharomyces 
cerevisiae. No adhering cell wall material is present. The arrows indi- 
cate regions where the unit membrane structure of the plasmalemma 
is clearly revealed. • 24,500. 
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Inhibition of Mammal ian  Acetylcholinesterase by Phenylmethanesulfonyl  Fluoride 1 

The  su l fonyl  f luor ides  are powerfu l  i r revers ib le  in- 7), us ing  m e t h a n e s u l f o n y l  f luor ide  as i n h i b i t o r  4. The  f i rs t  
a c t i v a t o r s  of m a n y  esterases2-6.  The  m e c h a n i s m  of t h e i r  s tep  is t h e  f o r m a t i o n  of a n  e n z y m e - i n h i b i t o r  complex,  
ac t ion  has  been  well  e s t ab l i shed  in t h e  case of ace ty l -  fol lowed b y  a nuc leophi l ic  a t t a c k  on t h e  sul fur  a t o m  b y  
cho l ines te rase  (ace ty lcho l ine  ace ty l -hydro lase ,  E .C.  3.1.1. the  bas ic  group of t h e  es te ra t ic  site. T h e  f ina l  acceptor  of 


