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S T U D I  ES  O N  C E L L U L O L Y T I C  E N Z Y  M E S  

II. M U L T I P L I C I T Y  OF  T H E  C E L L t . I L O L Y T I C  E N Z Y M E S  
O F  POL Y P O R U S  V E R S t C O L O R  
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lnstffvCe of 131ochemiMr),, University of I.:pp.~ala, l;ppsulu (Suarden) 
(R,*, 'civt:d M a y  z5 th .  t~li2) 

S I t M M A R Y  

I. F o u r  cel lulolyt ic  c o m p o n e n t s  have  been isolated from cu l tu re  f i l t rate of 
t 'olylSorus versicolor. 

z. The  molecu la r  weight  of  one o f  the  c o m p o n e n t s  has been de t e rmined  to be 
5 I  OflO. 

3. A compar i son  has bee.n m ade  of  the  amino  acid compos i t ions  o f  the 5x ooo- 
c o m p o n e n t  a n d  the  p rev ious ly  isolated x,  ooo -componen t .  

4- An e xp l a na t i on  for the occur rence  of  mul t ip le  e n z y m m  of  va ry ing  cel lulol}t ic  
ac t iv i t ies  has been proposed.  

lXr ,~o,~ucr lox 

T h e  cel lulolyt ic  e n z y m e s  o f  a large n u m b e r  of  fungi have  been purif ied using block 
e lec t rophores is  on p o t a t o  s ta rch  as descr ibed b y  MASD~I~ a M. t. These  s tudies  have  
shown t h a t  mos t  of  the  fungi s tud ied  to  daze appea r  to  p roduce  several  cel lulolyt ic  
compone n t s .  T h e  ex is tence  o f  mul t ip le  c o m p o n e n t s  also has  been d e m o n s t r a t e d  by 
e lec t rophores i s  o f  o t he r  e n z y m e  systems.  Var ious  exp lana t ions  have  been proposed  
to  a c c oun t  for th is  he t e rogene i t y  z. For  example ,  M I L L E R  e t  alfl  r ecen t ly  have  shown 
t h a t  e l ec t rophore t i ca l ly  s e p a r a t e d  comp, ,nen ts  differ in specific a c t i v i t y  on ca rboxy-  
m e t h y l  cellulose and  cel lopentaose.  I t  the re fore  appears  l ikely t ha t  some o f  the  cellu- 
lolyt ic  c o m p o n e n t s  m a y  p lay  different  roles in the  deg rada t ion  o f  cellulose. 

The  presen t  work was u n d e r t a k e n  to e lucidate  the  mul t ip l e -componen t  celltdase 
s y s t e m  ot Polyporus versicolor. I t  is a cor, t i nua t ioo  o f  the  inves t iga t ion  repor ted  in 
the  preceding ar t ic le  ~. 

. ~ t E T m ) D S  AND IcEst:tA-S 

Source of the enzyme 

T h e  mate r i a l  for the  present  e '~7~' iments  wa_~ ob ta ined  a_~ f i l t rates f rom cul tures  
Gf the  wood-des t roy ing  bas id iomyce te ,  Polyporus veTs/co/or, gr(,wn in a n t ineral  
sal ts  m e d i u m  wi th  cellulose as sole source of  carbon.  T h e  f i l t ra te  was c o n c e n t r a t e d  
and  f r ac t i ona t ed  on Sephadex  as descr ibed  emrlier t, g iving 3 fract ions,  des ignated  B, 
C a n d  D. 
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gnzym~ assays 
T h e  cel lulase  a c t i v i t y  of  all  f r a c t i o n s  was  d e t e r m i n e d  as  the  a m o u n t  o f  so luble  

r educ ing  s u b s t a n c e s  f o r m e d  when  t h e  e n z y m e  was  i n c u b a t e d  w i t h  c a z b o x y m e t h y l  
cel lulose or  c e l l u l o ~  sr~l. De ta i l s  of  t h e  a n a l y s i s  p r o c e d u r e s  were  g iven  p r e v i o u s l y ' .  

Zone el~dropkoresis 

P,rificatio~J of Fyaction B (s~nall scale) 
Zone  e l ec t ropho re s i s  w a s  p e r f o r m e d  in a ve r t i c a l  bed  s o f  P e v i k o n  p o w d e r  

( P e v i k o n  C 870 o b t a i n e d  f r o m  Fo:~fatbolaget ,  S t o c k h o l m  (Sweden)) .  T h e  m a t e r i a l  was  
pur i f ied  b y  ex tens iv- ,  w a s h i n g  w i t h  e t h a n o l ,  t h e n  w i t h  4 M h y d r o c h l o r i c  ac id  a n d  
fina!Ly wi th  dis t i l led  wa t e r .  T h e  p o w d e r  w a s  t h e n  s u s p e n d e d  in 0.o 5 .~1~ p y r i d i n e -  
a c e t a t e  buf fe r  ( p H  4.5). T h e  e l e c t r o p h o r e s i s  c o l u m n ,  a z × 35 c m  glass  t u b e ,  w a s  
cln~.d a t  t h e  b o t t o m  w i t h  a p l a t e  o f  p o r o u s  p l a s t i c  (Vyon  a v a i l a b l e  f r o m  P o r o u s  
P las t i c  L t d .  D a g e n h a m  D o c k s ,  E s s e x  (Eng land ) ) .  T h e  c o l u m n  w a s  p r o v i d e d  w i t h  a 
ho r i zon ta l  c a p i l l a r y  s ide  t u b e  (z m m  in d i a m e t e r )  z c m  f r o m  the  b o t t o m .  T u b i n g  o f  
po lyxdny lch lo r ide  60 c m  in lenh-th a n d  z m m  inside  d i a m e t e r  w a s  c o n n e c t e d  to  t h e  
c a p i l l a r y  side tube .  Th~  c o l u m n  was  p a c k e d  wi th  g lass  b e a d s  ( B a n o t i n i  No .  zz) t o  a 
he igh t  o f  z m m  a b o v e  the  c a p i l l a r y  side a r m .  P e v i k o n  p a s t e  f r eed  f r o m  a i r  b y  e v a c u -  
a t i on  was  t r a n s f e r r e d  to  t he  c o l u m n  t h r o u g h  a p a c k i n g  t u b e  to  f o r m  a 3 o - c m  h igh  
co lumn .  T h e  f~ te r ing  p r o p e r t i ~  of  t he  bed  w e r e  t e s t e d  b y  pa s s ing  a n a r r o w  zone  o f  
d i n i t r o p h e n y l e t h a n o l a m i n e  t h r o u g h  the  co l umn .  
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Fig. x. Zone eh.ctropherogram of Fraction B. Bed dirw.'nsiona ; × z8 era; buffer o.o5 M pyridine- 
acetate (pH 4.5): currenL 9 mA; voltage. 700 V. Fracttor~q 7-Y4 (1~;) and 3o-36 (Bsl w~re pooled. 
× - - x ,  absorbency ~ zSom/~; C ) - ~ ,  ccllula.se actis'ity against earbo:~ymethyl cetlul~s~ 

(arbitrary units). 
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CELLULOLYTIC ENZYMES. I! I !  

z o  m g  o f  F r a c t i o n  B were  d i s s o l v e d  in 0. 4 ml  0.05 ,~I p y r i d i n e - a c e t a t c  b u f f e r  
{pH 4-5) a n d  p l a c e d  on  t o p  o f  t h e  c o l u m n .  T h e  zone  w a s  a | l o w c d  t o  f i l t e r  d o w n  x c m  
a~xd t h e  c o l u m n  t h e n  a r r a n g e d  ;Ls d e s c r i b e d  b y  POI~ATtt et al. e. E a c h  e l e c t r o d e  ves se l  
c o n t a i n e d  4 1 o f  b u f f e r  (0.05 M p y r i d i n e - a c c t a t e  ( p H  4-5))- T h e  p o l y v i n y l c h l o r i d e -  
t u b i n g  w a s  c o n n e c t e d  w i t h  a p e r i s t a l t i c  p u m p  v i a  0.2 × z o - c m  l a t e x  t u b i n g .  T h e  
b u f f e r  in t h e  e lec t ro ,de  ve .~e ls  w a s  m i x e d  tw ice  a t  s u i t a b l e  t i m e  i n t e r v a l ~  to  k e e p  t h e  
p H  c o n s t a n t .  Af ' :er  e l e c t r o p h o r e s i s  for  z o  h a t  7o0 V a n d  9 m A .  c o n t i n u o u s  e l u t i o n  w a s  
b e g u n  a t  a c o n s t a n t  f low r a t e  o f  4.5 ml:;h. A f t e r  a s e c o n d  p e r i o d  o f  2o h. e lect rophoresi .~  
w a s  s t o p p e d  a n d  t h e  m a t e r i a l  on t h e  c o l m n n  d i s p l a c e d  w i t h  f resh  bu f f e r  a t  a f low 
r a t e  o f  x.5 m l / h .  F r a c t i o n s  c o n t a i n i n g  0.5 m l  we re  co l lec ted .  A f t e r  d i l u t i o n  to  z.5 ml  
t h e  a b s o r b a n c y  a t  zSo  nap w a s  m e a s u r e d  in a B e c k m a n  D U  s p e c t r o p h o t n m e t e r .  

T h e  r e s u l t s  a r e  s h o w n  in Fig .  z a n d  r e v e a l  t w o  a c t i v e  f r a c t i o n s :  B t a n d  I~,~'. 
T h e  d i s t r i b u t i o n  o f  c d h t l a s c  a c t i v i t y  a n d  a b s o r b a n c y  wa~s f [mnd  t o  co inc ide  o v e r  t h e  
g r e a t e r  p a r t  o f  t h e  B~ zone .  W i t h i n  e x p e r i m e n t a l  e r ro r ,  the  c u r v e s  fi~r a c t i v i t y  on 
ce l lu lose  sol  a n d  c a r l x ~ x y m e t h y l  c e l l u l o ~  ,verc c o i n c i d e n t .  T h e  f r a c t i o n s  were  po0Ev3 
as  i n d i c a t e d  in Fig.  t a n d  t h e n  f r eeze -d r i ed .  

Purification o f  Fraction B (large sctde) 

L a r g e r  q u a n t i t i e s  o f  F r a c t i t m  B (5t~ m g / m l  buffer )  w e r e  f r a c t i o n a t e d  b y  a ~imilar  
p r o c e d u r e .  A ~- × 3 o - c m  c o l u m n  was  used .  I t  wa.~ p r o v i d e d  w i t h  a coo l ing  j a c k e t  o f  
m e t h y l p o l y m e t h a c r y l a t e  ( P e r s p e x )  b u t  w a s  n o t  e q u i p p e d  for  c o n t i n u o u s  e lu t ion .  T h e  
e l e e t r o p h o r e s i s  t i m e  r e q u i r e d  a t  400 V a n d  9.2 m A  w a s  c a l c u l a t e d  f r o m  the  regu l t s  o f  
ea r l i e r  e x p e r i m e n t s .  T h u s  i t  w a s  poss ib le  to  s t o p  t h e  e l e c t r o p h o r e s i s  w h e n  t h e  fas t -  
m o v i n g  c o m p o n e n t  w a s  n e a r  t h e  b o t t , m  o f  t he  c o l u m n .  A f t e r  e lu t i on ,  the  a n a l y s i s  
o f  t h e  f r a c t i o n s  c o l l e c t e d  r e v e a l e d  t h a t  the  mat~,r iM d i s t r i b u t i o n  w a s  c o m p a r a b l e  
w i t h  t h e  ea r l i e r  f ind ing~ as  s h o w n  in Fig.  r. 

Purification of  Fraction C 

F r a c t i o n  C a ! ~  wa~ f r a c t i t n i a t c d  wn t h e  ,.amt: c t d u m n  a n d  in e x a c t l y  the  ~ a m e  
m a n n e r  a s  F r a c t i o n  B (amMl .~'.xle). T h e  p lo t s  o f  a c t i v i t y  a n d  a b s o r b a n c y  o f  t he  
v a r i o u s  f r a c t i o n s  a r e  v e r y  s i m i l a r  t~J tho.-,e fi~r F r a c t i o n  B, b u t  t h e  a c t i v i t y  a n d  ab -  
s o r b a n c y  c u r v e s  a r e  n o t  c o i n c i d e n t .  T h e  f r ac t ion~  w e r e  p o o l e d  a n d  f r eeze -d r i ed  as  
i n d i c a t e d  in Fig.  2. 

CarbvlLvdrate anal~'sis 

T h e  h e x o ~  c o n t e n t  o f  c , , m p , m e n t  B 1 w a s  e s t i m a t e d  t o  be  z"g.. (w/w) b y  t h e  
o r c ino l  m e t h o d  as  d e s c r i b e d  b y  Vnss~.:uR 7 T h e  h e x o s c  c o n t e n t  o f  comp~)ao.nt D 
p r e v i o u s l y  h a d  b e e n  d e t e r m i n ~ d  to  be  33~',o (w/w)  I. 

Amino acid anMysis 

" l~e  a m i n o  ac id  c o m p o s i t i o n  o f  o x i d i z e d  .~araples o f  c o m I x m e n t ~  Bt a n d  D w e r e  
d e t e r m i n e d  u s i n g  a B e c k m a n - S p i n c o  a u t o m a t i c  a m i n o  ac id  a n a l y z e r  a n d  t i le p roce -  

* T h e  e v L z y m c s  present in the fractions obt:Lined from g e t  f i l l ~ a f i o n  or elvctroph~rcsis will De 
r e f e r r e d  t o  u s i a g  t h e  s a m e  labeLq a s  t h e  f r a c t i o n s  ~ t ,  I l s  e t ~ .  w b e t h e x  t h e y  a x e  p u x e  o r  n o t .  

B~ocA~m~ E~cp/~ys. Ae4a. 6 7 ( t9~3)  9 - ' 5  
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Fig .  ".  Z o n e  e l . ~ t r o p h e r o g r a m  o f  F r a c t i o n  C, Bt~l  d i m e n ~ o n s ,  buffex' ,  c u r r e n t  a n d  v o l t a g e  a s  i n  
F ig .  t .  F r a c t i o n s  G - t  4 [C1) an t i  a ~ - 3 1  (Ct) w e r e  p o o l e d ,  X - - × ,  a b ~ o r b a n c y  a t  ~go  mju ;  C>-- - - O ,  

c e l t u l a s e  a c t i v i t y  a g a i n s t  c a r b o x y m e t h y l  c e l l u l o s e  ( a r b i t r a r y  u n i t s ) .  

T A B I , E  I 

I ' R F L I M I N A R Y  A I t I I N O  A.CID C O M P O S I T I O N  O F  C O M P O N K N T S  Bit  A N D  D 

A minn ~a4~ t~ 

B,~o o/ 
Samp~t Bt 5a4,ttpt* D ami4~ ~£~ 

(BJD)  

I , y m n e  0-2.57 0 . 0 2 9  9 . 0  
! Li~t id ine  0 . 0 7 9  o . o t  5 5 .3  
A m m o n i r t  o -944  0 -395  z-4 
A r g i r t ine  o.  [ 5o  o . o 3 o  5 .o  
C~-~teic acid o.o3o o.o l  7 t .8 
A s p a r t i c  a c i d  0.832 o . x 6 0 5  5 .z  
. M e t h i o n i n e  s u i f o n e  0 . o 9 8  0 . 0 o 8  12 
T h r e o n i u e  o. 493  o .  I o 5 x 4- 7 
S e r i n e  o . 5 z 6  o . z o 4 z  5 .0  
G l u t a m i c  a c i d  o . 4 9 o  o.  t o t o  4 .9  
P r o l i n e  0 .2  t o  0 . 0 7 7 0  2 7 
G l y c m c  o(,o9 o-o(~¢3 8.9 
A l a n i n c  o - 4 n 5  0 - 0 7 0 3  5-9 
VoAine 0 . 2 6 5  o . o 7 4 4  3 .6  
l ~ o l ~ u c i n e  o .  t g 3  0 . 0 4 0 5  4 +R 
LeucLr.e  o . 3 4 I  0 - 0 7 2 6  4-7 
Ty- roz i~e  o. x 2o  D e s t r o y e d "  - -  
P h e n ~ , [ ~ L s n i n c  o . 2 z  3 0 . 0 2 8 8  7-7 

* T h e  o x i d i z i n g  a g e n t  w a s  d ~ , r t r o y e d  u s i n g  h y d r o b r o m i ¢  a c i d  t .  
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C E L L U L O L Y T I C  ENZY-MI '~S.  I I  I 3  

d u r e  o f  SPACKblAN d'~ al. s. Because  o f  Lite smal l  a m o u n t  o f  m a t e r i M  avail;~ble, on ly  
a p r e l i m i n a r y  d e t e r m i n a t i o n  o f  a m i n o  ac id  c o n t e n t  cou ld  be  m a d e .  T h e  samples  
c o n s i s t e d  o f  f reeze-dr ied  m a t e r i a l ~ 2 . 6 o  m g  of  c o m p o n e n t  B ,  a n d  x.2o m g  o f  c o m p o -  
p, en t  D.  T h e  hydrolysLg t i m e  was  24 it. One  t h i r d  o f  the  ma te r i a J  wzLs p laced  on each  
c o l u m n  o f  the  ana lyze r .  T h e  a m i n o  acid  c o m p o s i t i o n s  o f  t h e  .~amplcs are  shown  in 
T a b l e  I .  

Sedime~dation st ,dies 

S e d i m e n t a t i o n  a n a l y s i s  was  p e r f o r m e d  wi th  a S p i n c o  m o d e l  E u l t r a c e n t r i f u g e  
p r o v i d e d  w i t h  a m o d e l  D a n a l y t i c a l  r o t o r  anti  a .~ynthetic b o u n d a r y  cell. T h e  exper i -  
m e n t s  were  c a r r i e d  o u t  a t  a n  a v e r a g e  speed  of  5 ' ) 7 8 o  r ev . /min  a n d a t  a t e m p e r a t u r e  
o f  2o °. z ml  o f  a x~/o (w/v) s o | u t i o n  in o.z ,%~ p y r i d i n e  a c e t a t e  buf fe r  ( p H  5.0) wa~ 
used.  C o m p o n e n t  B] g a v e  a single s e d i m e n t a t i n g  boundary. ' .  T h e  s e d i m e n t a t i , m  
coeff ic ient  sa0,~o was  f o u n d  to  be 4 . z I  $. Comp~ment  B= w h e n  e x a m i n e d  u n d e r  the  
.,mane c o n d i t i o n s  al~o a p p e a r e d  to  be homogenecm.~ a n d  s~,,o equa l  to  4 .z6  .% was  ob-  
tairled.  1.:, !: :.f m;-¢,wi;!l .nn,~:!:. ;t T]''C,--'~rcr'." t,~ r,lrl cornpr ,nen t  C: ;II,'l (:2 iYt ~1 lOW 
c o n c e n t r a t i o n  n a m e l y  o . 3 ~  0 [w,,v). U n d e r  the~e ,~ut~,ptimal r o n d i t i o n s  it was  difficult  
t o  d i s c o v e r  a n y  p o l y d i s p e r s i t y ,  sz~.~ wa~ found  to be 2.o S for C t a n d  r .9  S h)r C~. 

l)etermi~lalion of melecz,lar weight 

T h e  m o l e c u k : r  w e i g h t  o f  c o m i , o n e ,  t l~ 1 was  d e t e r m i n e d  b y  the  , n e t l , u / o f  A RC,I -  
ISAL,,'--". T h e  ~.entrifuge cell w;L-~ filled to  a he igh t  o f  xo m m  wi th  a t°A) (,.v/x.) .¢,olution 
tff t he  p r o t e i n  .~r. o.1 M p y r i d i n e  a c e t a t e  (pH 5-o). T h e  a v e r a g e  sp~'.ed o f  r o t a t i o n  was  
Ix 573 r e v . / m i u  a t  2o ". T h e  m o l e c u l a r  weigh t  e s t i m a t e s  in Table. ! I were  d e t e r m i n e d  

"I:~ T]I .E [I  

MOLECtTLAR %VF.[GHT Or-" L'~SLLUL.%SE COMPONF.NT ~1 F~qrl:.~.XTE[) 
s~*" 551)I .%lENTATION .%NAi%'.%IS 

The vitriatton among the ~a:u~ is l,robabl.v due to u;l<crtainty in extr~lR,lati,~,, of increments in 
rcfra¢-tlw: itl~lic~ at the boundaries rather than la~lydi~lx'rsily 

"i~i~e afltr ~t:ze," 

m 

]b 55 400 4,'~ 5o0 
z4 53 200 4 ° Cx.~o 
3-" 51 2,.,o 
4o 51 q o o  .#8 7ix)  
48 51 ~=oo 5 t (x>o 
56 .t,'4 ~.~J 5z 0oo 
64 .-- 48 9o.> 
72. 5J ~,[x~ ..,%.f, Z.~O 
80 5- ~ t '~ 5i 3cxl  
~t~ 4 0  .~oo 52 zo<] 

9 t' 47 :oo 5z ¢)c,, 

Average 51 boo 50 8o0 

B~ch*,,. L~iophy¢. Acta. 67 (t963) 9-' 5 
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from extrapolated meniscus and bot tom values, assuming t -- t~ .-  o.29. The value 
o.7x for fi was calculated from the amino acid composition according to MCMEEKIN 
AND MARSHALL i t .  

DISCUSS|ON 

The rc_~ults of this  investigation clearly demon.~trate the occurrence of mult iple 
ccllulolytic enzymes in Polyporjts v~sicolor. The enzyme components  differ in molecu- 
lax size and differences in substrate  specificity have  been ob~rved .  In addit ion to 
/~-glucosidase, at I~ast 5 cellulolytic components  seem to be present in the culture 
fllt rate. Addit ional  components  are indicated by the pa t tern  of dis tr ibut ion of ac t iv i ty  
in the various fractions (Figs. x. 2). We have recognized two pairs of  components  
moving with slightly different relative velocities on Sephadex G 75 (see ref. 4) and  
with sedimentat ion coefficients of  4.2 and 2.o S respectively. In a preceding paper 4 
it fifth component ,  designated D, ha-~ been described. Lack of  material  has prevented 
examinat ion of the p(~,~sible significance of the occurrence of paired enzymes. Only 
components  B l and D have been obtained in quant i t ies  sufficient for semiquant i ta t ive  
amino acid analysis and molecular weight  determinations.  

Despite the uncer ta in ty  of amino acid analysis, several points of  evidence in the 
results appear  wor thy  of mention.  Components  B t and  D contained conspicuous 
amounts  of  acidic amino acids. The ammonia  content  in the hydro lysa te  was very 
high. Electrophoresis revealed tha t  B t was only slightly posit ively charged a t  pH 4-5 
while component  D was immobile at  this pH, The~se facts together  s t rongly suggest 
tha t  a large number  of carboxamide side groups are present in both  ce$1ulase com- 
ponents. As sho~vn in Table 1, nine amino acids out  of  sixteen occur in about  the 
same proportions. These findings suggest the  existence of common polypept ide units.  

A number  of cellulolytic organisms produce mul t i -component  cellula~e5 tt. I t  
has been shown tha t  the~e components  occasionally differ in specificity on poly- 
saccharides of  various molecular sizes. Based on these observations STONE ~* propo.~ed 
the following scheme for the degradat ion of  cellulose. 

" o l i g a . ~ "  

Cel lulose - - ~  cellr~,lextrin ~ - - ~  c e l l o b i u ~  

" l ~ f l y a s c "  

It is evident  from the p r e ~ n t  work tha t  the basidiomycete Polyporus t'ersicolor 
produced several cellulolytic components.  The gel filtration method,  described in the 
preceding article 4, gave a fract ionation according to molecular size; the low-molecular- 
weight proteins being less mobile than  those of  high molecular weibht. These earlier 
results therefore show, that  the ~-glucosidase in Fract ion A, is of higher molecu!~r 
weight than  the  enzymes pre.sent in Fract ions B, C and D. The la t ter  e n z y m ~  are 
active on cellulose and caxboxymethyl  cellulose. The ac t iv i ty  curves for cellulose 
and ca rboxymethy l  cellulose are displaced in relation to one another  in a manner  
tha t  suggests thx t  the e n z y m ~  most  active on cellulose are of  larger molecular size 
than  those active on carbox.vmethyl cellulose. Lack of coincidence between these two 
kinds of ac t iv i ty  has been d~rnonstrated evvn more convincingly for cellulolytic en- 
zymes of some other  organisms (to be published later). These circumstances indicate 
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t h a t  an inverse re lat ionship  m a y  exist  b e t w e e n  the  molecular  size o f  the  e n z y m e  
c o m p o n e n t s  and  that  o f  the  substrates :  Low-molecu lar -we igh t  c e I l u l a ~  s h o w i n g  
h ighes t  a c t i v i t y  on gluco~idic  bonds  in po lysacchar ide  chains  whim the h igh-molecu lar -  
we igh t  e n z y m e s ,  wi th  the  /~-gluco~ida,e as the  mt~t  e x t r e m e  c~L-;e, preferenti'~lly 
c a t a l y z e  the  hydro lys i s  of  oligosaccharictes.  %ucL a molecular  size re la t ionsh ip  
shou ld  faci l i tate  the  degradat ion  of  cellulo.,~ b y  ;t geries of  e n z y m e s  act ing  in a 
se~!uential manner .  To test the  va l id i ty  of  this  hvpothes i s ,  t h e ~  inves t i ga t ions  will 
be e x t e n d e d  to  inc lude  cellula_ges from o ther  fungi,  together  wi th  a kinetic  characteri -  
za t i on  o f  the  c o m l ~ m e n t s  i.¢,olated. 

A C K  NO',VI.  I-~ l i t  ;E M 16 N'[ S 
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