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S T U D I E S  ON C E L L L I L O L Y T I C  ENZYME.% 

I. ISOLATI( )N OF A L O W - M O L E C U L A R - W E I G H T  C E L L U L A S E  
FROM POL Y P O R U S  VERSICOLOR 

G,. H E T T E R S ~ % O N .  E.  l ~  C¢3~NI . IN( ; "  . ~ o  J~ I~OLIATI I  

I n~t, lutt  of HvOcheraiStrJ,'. l "nJt,tFstt). of I..~ pp~al*l. U ppsala (.%tced¢sl ) 

~Reccz,.,ed M a y  z s t h .  zObz) 

S L  M M  A H Y  

A cellulolytic enzyme with a molecular  weight of z x 400 h;L.4 been i.~'~lated from 
cul ture  fil trates of  the woo<l-destroying Ba_~idiomycete. Polyporus versicol~r. The 
enzyme  was purified in 3 s t ep ,  using dex t ran  ge[~ (~ephadex).  The cul ture  filtrate 
conta ined  a /~-glucosidase and at least 2 addi t ional  eel luhdytic  components  that  
have not  yet  been separated.  

I N T H O I ) U C T I O N  

The  enzymes  tha t  hydro lyze  cellulose in na tu re  play a major  role in the ca|  h~Dn cycle 
and impose a considerable t ax  on the economies of  the world by der-troying useful 
cellulosic materials .  The  cellulolytic enzymes,  par t icular ly  of organisms that  des t roy 
co t ton  fabrics, have  been s tudied intensively by many  invest igators  t. But  com- 
pa ra t ive ly  l i t t le reseaxch has been done on the cellulases of  wood-de~t ro~ng fungi = 
and only  l imited prrL~ress ha.~ bee.n achieved in the purificatiun and character izat ion 
o f  ceilulolytzc enzymes  in generaP .4 

This l imited progress in par t  L~ due to the na ture  of the subst ra te  and the cellu- 
lolytic enzymes  themselves:  (a) Cellulose is an insoluble, part ia l ly  ¢rystaLKne ~ub- 
s tance and is ass~m;ated m na ture  with a var ie ty  of non-cellulosic poly.~accharide~ 
and lignin. The.~ factors tend to reduce the  accessibility, and therefore  the suscep- 
t ibil i ty,  of  cellulose to enzymic  degradat ion L. As a result,  only fairly well puxified, 
modified and  of ten poor ly  character ized forms of cellulose can be u ~cl as substrates  
for enzyme  assays. ( b ) M a n y  cellulnl3rtic organisms produce  mul t ip le-component  
ceLlula_c.e s.vstem@ -~a. These components  cannot  be separated readily by the class'.'caI 
prec ip i ta t ion  methods  of  protein fract ionat ion 3 and must  be resolved by physico- 
chemical  methods .  (c) Ceiluloly~ic enzymes  have a specific affinity for cellulose so 
tha t  excessive losses are involved when purification is a t t emp ted  by such common 
procedures  as: f i l tration through filter paper  or membranes  of  cellulo.~e derivat ives.  
dialysis except  in animal  m e m b r a n e s  and chrom;~tography or electrr~phoresis on 
paper  or i n  ce l lu lose  co ,umns .  

" Pre~nt address. Yale UUivcrsity School ~." ru, cst~'. New Haven. Coon. (U.b A.) 
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In  recen t  years ,  an  in tens ive  effort  has  been m a d e  a t  th is  I n s t i t u t e  to  per fec t  
n e w  me~hods  for  the  isolat ion a n d  pur i f i ca t ion  of  pro te ins ,  p a r t i c u l a r l y  b y  c o l u m n  
e lec t rophores is  a n d  f i l t ra t ion t h r o u g h  gels o f  cross- l inked d e x t r a n .  The  fo rmer  
t echn ique  sepa ra te s  p ro te ins  a c c o r d i n g  to  the i r  cha rge  whereas  the  l a t t e r  does so 
m a i n l y  acco rd ing  to their  mo lecu la r  sizeaa, a~. "Ihese m e t h o d s  a p p e a r e d  to  offer 
a d v a n t a g e ~  for pur i f ica t ion  o f  cel lu lolyt ic  e n z y m e s  pa r t i cu I a r l y  in s e p a r a t i n g  possible  
mul t ip le  c o m p o n e n t s  a n d  a v o i d i n g  excessive losses in a c t i v i t y  due  to  select ive 
adso rp t ion  effects. T h e y  were therefore  appl ied  in an a t t e m p t  to pu r i fy  the  cellulase 
o f  the  wcx)d-destroy-ing Bas id iom yce t e ,  Polyporus versicolor (L. ex F r i ~ )  Fri~,~. The  
effects o f  d e c a y  b y  this  o r g a n i s m  on ce r ta in  chemica l  a n d  phys i ca l  p roper t i e s  o f  
wood  po lysaccha r ides  h a v e  been d e t e r m i n e d  earlier*. 

METHODS AND RESULTS 

Pl, oduction of ceUldolytic ctdture filtrates 

The  cetlulolyti¢ e n z y m e s  of  fungi  are  a d a p t i v e  a n d  e,:~racellular.  F i l t r a t e s  f rom 
fungus  cul tures  g rown  in s y n t h e t i c  m e d i a  w i t h  cellulose as  sole source  o f  ca rbon ,  
therefore ,  are a v e r y  sui table  source  o f  cel lukf lyt ic  enzyme~  for  pur i f icat ion.  

Cel luiolyt lc  cu l tu re  f i l t rates  o f  Polyporus versicolor were  o b t a i n e d  b y  cu l t i va t ing"  
the  o r g a n i s m  in ae ra t ed  flasks s imilar  to  th<rse used b y  W m T A X r R  s and  s h o w n  in 
Fig.  z. Tl .e  m e d i u m  was  a d a p t e d  f rom one used b y  NORrtRANS Is and  c o n t a i n e d  the  
reagent  g r ade  chemica l s  l isted in Tab le  I. 

4 1 of  this m e d i u m  were p laced in each  cu l tu re  flask and  the  ent i re  un i t  s teri l ized 
in s t eam at  xzx ° for 50 mira. Af te r  cool ing,  each  fla~k was  i n o c u l a t e d  wi th  a p p r o x .  
2 g (dry" wt.)  o f  a .~uspension of  w a s h e d  myce l i a l  f r agmen t s .  Th i s  suspens ion  was  
p r e p a r e d  f rom a cu l tu re  g rown on  z°/0 m a l t  e x t r a c t  for  7 d a y s  b y  v i g o r o u s  shak ing  

"l',,k BI.E I 

CO.%IIvI')SITI('JN O1 ~ $b~HI')ZL'.%I L'gF..['J TO ¢)F .TAIN (.'F,I. L t : L ( ) L Y T ] C  ( . :LII ,TURF, F [ L T R A T F 5  
vKO.',I Polypurt¢s ve~sicolor 

. . . . . . . . . . . . . . . . . . . . .  

Munktelk~" powdered c~.-llul~(~ for chrom&tography" 5.o g • 
N H ~ H = I ' ~ . )  4 • o g 
KHtP() 4 0.6 g 
KtHPO, 0. 4 g 
Mg'SO4 " 7 l-lz'O (>.5 g 
Ferric cztrate'" zo.o mg 
ZnSOl'7 HzO 4.4 rng 
MnS04"4 HtO 5.o mg 
CaCl s 55.o rng 
CoCL 1 . G HI() x .o mg 
Thiamine - HCi t,.x~ ¢4g 
Distilled water to give z I. Final pH of medium about 5.8. 

" :k v~;ab~ ;it,,, ~,,y.k,~,,, I",,ii~ersbruk, Grycksbo (Sweden). 
"° The stock solution contained 2.5 g of ferric citrate and t.6 g of citric acid in 25o m t of 

solution. 

• Laboratory- ~pace was kindly made av,-~lable by Dr. ~3. Noaxz^.~s at the "~oyal Farma- 
¢~utic~l [r~titute, Sto~;kholm (3wedcn). 
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with 2-mm glass beads until  the f ragments  were rea:~onablv homogeneous (shaking 
for 6o sec usually ~a~ adequate) .  The suspensi(m was then  washed with several 
changes of  distilled water  and aseptically poured in to the  cul ture flasks. The inorulate(t  
cul tures  were iucubate.d at  28 ° and net ated :it a ra te  o f  x l o f  unhumidif ied ~Lir/l of  
medium/ra in .  After  incubat ion  for 7~-9 day.~ the contents  of  each flask were filtered 
th rough  f r i t ted  gla.~ of  porosi ty  G-3. The resulting cul ture  filtrate was preserved 
by  adding o.x g o f  merthi~Jlate ;~er liter of  fi l trate and stored at 4 :- 

Fig. t. Aerated culture flask u.~d to o b t a i u  ~:c]]ulolytic culture filtrate of P,/i,poye~ ver~icolor. 
Bubblea rising in the medium from tht." ~.etation rule" c-'~use circulation of the me,lium ms shown. 

Cont:entration of  the cultz~ve filtrate 

Pre l iminary  ex l~ r imen t s  ~howe([ tha t  concent ra t ion  of  cul ture  fil trates of  
Polyporus t,ersicolor by acetone precipi tat ion or  evapora t ion  under  vacuum lead to 
dras t ic  losses in cellula.se ac t iv i ty ,  To avoid these losses, the de×trau gel cuncentra-  
t ion me thod  o f  FLODIN a M. tt was trie(l and found to give essentially quan t i t a t ive  
recovery  of  ceUulase ac t iv i ty .  

B y  this  me thod ,  d r y  Sephadex  (a cross-linked dex t ran  product  of  Pharmacia ,  
Upp~a]a (Sweden)) is mixed with the solution to be ~.oncentrate(|. Dissolved sub- 
s tances o f  high molecular  weight can no t  pene t r a t e  the gel particles and therefore 
r emain  in solution. A port ion of  the  water  and low-molecular-weight  ~)I.ute-s, however,  
dift~:,e freely into the  particles. ~,Vhen the wate r  out.~ide fhe gel partictes is removed 
b y  f i l t rat ion,  an increa.~e in concentr-xtion of  the  high-molecula~r-weight mater ials  is 
achieved while the  pH  and ionic s~ong tb  of  the solution is main ta ined  near ly  con- 
~tant.  T h e  degree o f  concent ra t ion  achieved is a functio | t  o f  the water-holdLng capac i ty  
of  the gel. 

The  det~its o f  the  concent ra t ion  procedure  used in this s t u d y  are as follows: 
approx,  3oo g of  Sephadex  G-25 were added  to  each liter of cul ture filtrate. The  
resul t ing soft  pas te  was filtered in a baske t - type  filtering centr i fuge (MSE model 3oo0) 
3 I in each ba tch  at  approx .  45oo rev. /min th rough  a sheet  of  Vyon (a p roduc t  of  
Porous  Plm~ti~ Limited,  Dagenham Docks, Essex (England)) and the filtrate collected. 
The  packed gel in the centr i fuge basket  was washed by spraying with an a m o u n t  of  

Bio~Sira. Bio:pkys. Aaa, 67 (z963) z-8 
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distilled water  equal to one- tenth  of the  original f i l t rate volume: The  washing wate r  
was removed by  centr i fugat ion and added to  the original filtrate. B y  this procedure  
a 3-fold incrca.~e in concent ra t ion  was achieved in a single step. By  repea ted  applica- 
t ion of  the procedure  85 ! of  cul ture  f i l trate were concen t ra ted  to  315 ml wi thou t  
~ubstantia! loss in cellulase activity,. The  concen t ra ted  solution conta ined 2o nag of  
high-molecular-weight .~dutes (proteins plus caxbohydrates) /ml .  The solution showed 
no measurable  loss in ac t iv i ty  af ter  s torage for 6 months .  

Epl~VT;l~ assays 

(3ellulase ac t iv i ty  was de te rmined  by  the  amoun t  of  soluble reducing sugars 
rearmed when the enzyme was incuba ted  with c a r b o x y m e t h y l  cellulose or a regenera ted  
cellulose sol prepared from co t ton  linters according to INORKRAXS is and bIcB~TH'L 
The ca~hoxymethy l  cellulose assay med ium containc0 9 ml of  a x % (w/v) aqueous  
solution of c a r b o x y m e t h y l  cellulose of  degree of  subs t i tu t ion  o, 7 (kindly provided 
by  Mr. B. ~AUCLISR, Uddeholm Aktiebolag,  Uddeho lm (Sweden)), x ml of  o. 5 M 
.~odium aceta te  hurter (pH 5.o) and x mg of  mer thiola te .  The cellulose sol assay me- 
dium conta ined 4.5 ml c~f a " %  (w/v) aqueous suspension o f  cellulose sol, o.5 ml of  
o. 5 M sodium aceta te  buffer (pH 5.o) and  o.5 mg of  mer thiola te .  Immed ia t e ly  up~m 
addit ion of 5o--2<,o/1I ~f enzyme s~>httion, and  again af ter  incubat ion  for r5 rain at  
4 o°, the  reducing sugars present  in x ml of  the  enzyme- incuba t ion  m i x t u r e  were 
de termined  spec t rophotomet r ica l ly  by  the  me thod  of  SOMOGYI la and NELSON tt. 
The difference in reducing power (expressed as glucose) at  zero t ime and  af ter  I5  rain 
incubat ion gave a re la t ive es t imate  of  cellu~ase ac t iv i ty .  

fl-Glucosidase ac t iv i ty  was de te rmined  b y  a modif icat ion of  the  me thod  of 
NORKRANS m LL'dng p-nitrophenyl-f l-D-glucosHe ~s the  substra te .  The  assay mix tu r e  
c~mtained 2 ml of  o.ooI M p-nitiopheny.b//-D-gt.ucoside in o.o5 M sodium ace ta te  
buffer at  pH 5.o and xoo #¢1 of enzyme  solution. After  zero t ime and  again a f te r  
incubat ion at 4 °0 for IO rain, o.5 ml of  the  mix tu re  was placed in a test  tube  con- 
taining I ml of  I M NazCO a. xo ml of  disti l led wa te r  were added and the  a m o u n t  of  
n i t rophenol  l iberated was de te rmined  from the absorbancy  at  4oo rn# in a Beckman  
B spec t rophotomete r .  The  difference in percent  #-nitrophenyl-fl-D-glucoside split at  
zero t ime and afte" 11)mitt incubat ion gave a re la t ive es t imate  o f  /~-glucosidase 
ac t iv i ty .  

Frax¢ionation by get fillration 

l"wo columns of  Sephadex G-75 (water regain 8 gig d ry  gel, part icle size xTo to 
3o0 mesh) were p repared  for use in this s t udy  by  the  methtxl  of  FLODIN st. Column I 
was prepared  by  suspending 5 ° g of Sephadex  in abou t  2 1 o f  o.x M p~,~ridine-acetate 
buffer (pH 5.o) and allowed to  swell for x 5 h. The  fine part icles t h a t  remained  sus- 
pended  3o rain af ter  re~uspending the  gel in the  buffer were removed by  decanta t ion .  
The  gel suspension was then t rasfer red  t h rough  a packing tube  3 cm in d iamete r  into 
a cylindrical  c h r o m a t o g r a p h y  tube  3 x zoo cm in length. The  c h r o m a t o g r a p h y  tube  
was closed at  the bo t t om  with py rex  glass wool above  a 2-cm layer  of  glass be.ads 
(Ballotini No. x2}. A 7o-cm-high column was ob ta ined  by  sedimenta t ion .  The  void  
volume of  the  column was 12o ml as de te rmined  using phycoe ry th r in  as a tes t  sub- 

Bio~him. Biopl~ys. Aaa, 6 7 (t963) 1-8 
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s tance .  Co lumn  I1 was  1. 5 b y  42 cm in length ,  had  a vo id  v o l u m e  o f  35 ml, and  was 
p r e p a r e d  in a s imi lar  fashion.  

P r e l i m i n a r y  tes ts  showed  t h a t  the  rec()very  and d i s t r i bu t ion  of  enzyrne  a c t i v i t y  
on t h e  gel c o l u m n s  were  essent ia l ly  ident ica l  ~-ith o.x and  o .o I  M p y r i d i n e - a c e t a h :  
buf fe r  (pH 5.0) a nd  o.z M b a r i u m  a c e t a t e  buffer  (pH 5.6). T h u s  the  fol lowing desal t -  
ing a n d  f r a c t i o n a t i o n  pr( )cedure  was a d o p t e d :  5 ml o f  cot~centra ted f i l t ra te  wer(: 
p laced  on top  o f  c o l u m n  I and  f i l tered down.  T h e  c o l u m n  was  tben  e lu ted  at  3.0 m!)'h 
wi th  o.x M py r id ine -ace t a . t e  buf fe r  (p t l  5.0). 3-rnl fraction.~ were  col lec ted  and  the i r  
a b s o r b a n c y  a t  28o m#, d e t e r m i n e d  in a B e c k m a n  I )U s p e c t r o p h o t o m e t e r  to  give an 
e s t i m a t e  o f  p ro t e in  concen tza t i on .  Af ter  f i l t ra t ion  of  each  5-ml a l iquot  of  cu l tu re  fil- 
t r a t e ,  the  c o l u m n  was  e l u t e d  for z 5 17 h wi th  the  same buffer  to  r e m o v e  p rev ious ly  
u n e l u t e d  c o n t a m i n a n t s .  

A typ i ca l  (ti.~triblltion o f  p ro te in  a n d  e n z y m e  act ivi t ie~ a f t e r  get f i l t ra t ion ,)n 
c o l u m n  I is shown  in Fig. z. T w o  pro te in  peaks  are e v i d e n t  a , d  f l-glucosidase an d  
cellula.~e ac t iv i t i e s  h a v e  been separztted almo.~t comple t e ly .  T h e  ac t ive  f rac t ions  were 
poo led  as shown  in Fig. 2 to  g ive  4 c o m p o n e n t s - - A ,  B, C and  D - - w h i c h  were each 
f reeze  dr ied .  Th i s  ge l - f i l t ra t ion  p rocedu re  was r e p e a t e d  ba tchwise  un t i l  all o f  the con-  
c e n t r a t e d  c u l t u r e  f i l t ra te  ~ a s  f r a c t i ona t ed  in to  the.~e 4 m a j o r  c o m p o n e n t s .  

$..6" 

14 

i ' °  " 
~ O.0 

O G  

...../" J ~ " ~  "'"-= .~ . . . . . . . .  
W5 ,i~O ~ 5  . f ro  -Tffl . ~ 0  ~ 5  5 0  r u : ~  

Fig. z. Distrib,.ti,~,- of Frotein, cellulas¢, and tq ~]ucosidase acti~-ity after gel flit-ration of a con- 
centrate0 culture filtrate of Polyporus ~ersacolor on ~phadex  G 75 (column I). ~ ×. absorbancy 
at z8o m/J, & - - & .  t~-glucosida~ activity measured against p-nitrophcnyl-/3-o-glucc~ide. C ~  ~. 
cellula_e,e activity measured against carboxymethy! cellulose; • • .  ccllula,ne activity measured 

ag-~in~t eel!ulose sol. 

Af t e r  d issolving z8 m g  o f  c o m p o n e n t  D in 0.5 nal o f  o.z M p y r i d i n e - a c e t a t e  
buf fe r  {pH 5.0) a n d  ref i l ter ing wi th  this  s ame  buffer  on c o l u m n  i I  a t  an e lu t ion  r a t e  
o f  6 mi /h ,  c o inc iden t  a n d  s y m m e t r i c a l  single peak.s for p ro te in  an d  e e l l u l ~ e  a c t i v i t y  
were  o b t a i n e d  as sho~ 'n  in Fig. 3- T h e  cen t r a l  f rac t ions  in c o m p o n e n t  D were  p6oled  
as shown  a n d  aga in  f reeze  dr ied  in p r e p a r a t i o n  for :~edinaentation s tudies .  

F r o m  the  or ig inal  85 I of  cu l t u r e  f i l t ra te  the  yie ld  o f  each  m a j o r  c o m p o n e n t  
a f t e r  f reeze  d .tying was :  20o mg o f  c o m p o n e n t  A {with a v e r y  h igh  c a r b o h y d r a t e  
c o n t e n t ) ,  z75 nag o f  B, zxo mg o f  C, and  45 m g  of  c o m p o n e n t  D. 

Biochim. Biophys. Acta, 67 (~963) z-8 
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Fig. 3. IMst ri't)ttti¢~n o f  p r o t e i n  a n t i  c e l l u l a sc  a c t i v i t y  o f  c o m l m n e n t  D a f t e r  reffltJr0.tion o n  ~ p h a d c x  
G 75 ( c o l u m n  I l l  w i t h  o.m .Vf p y r i d i n e  a c e t a t e  ( p H  5.o]÷ X - - X ,  a b s o r b a n c y  a t  ~ 8 o m p ;  C ) - ~ O .  
ccl|ul~l_~t, a t t l ivi t}-  m e a s u r e d  a g a i n s t  e a r b o x y m e t h y l  c e l l u l o s e ;  • • ,  e e l l u l a s e  a c t i v i t y  r e c a s t : r e d  

a g a i n s t  ce l lu lose  so/ .  

Sed ime~ta t ion  studies 

Sed imenta t ion  analyses  were per formed on componen t s  B, C and  D in a Spinco 
A.n~!ytic,~| Centr i fuge model E with an ana ly t ica l  D-rotor  a n d  a syn the t i c  b o u n d a r y  
cell. Tile freeze dried componen t s  were dissolved m o.x aTI pyTidine--acetate buffer  
(pH 5.0) to give r~o (wlv) solut ions o f  componen t s  B and  C a n d  a o.6~/o (v,/v) solut ion 
of  componen t  D. The average speed of  ro ta t ion  was 59 780 rev . /min  and  the  tempera-  
ture dur ing  tile exper iment  varied between z9.5 and  2o.o  °. Componen t  B gave a 
single symmet r i ca l  peak with a sed imenta t ion  cons t an t  (st0,w) of  3.75. Componen t  C 
gave 2 peaks wi th  an s~o.w of  3.75 for the rapid componen t  a n d  z.55 for t he  slow one. 
After  f i l t rat ion on column II ,  component  D gave a single symmet r i ca l  peak wi th  an 
s~0,=, of  1.53. 

D a e r m  ina:io.~ o f  ,,vo/¢t:ular ".,,eight 

A ten ta t ive  es t imate  of  the molecular  weight  of  f ract ion D was de t e rmined  
af ter  f i l t rat ion on column I I  by  the  me thod  of ARCHtBA].r) t2. The  centr i fuge cell 
wag filled to a height  of  8 m m  with a z'~/o (w/v) solution of the  enzyme  in o.I M 

" I 'A  H I . E .  II  
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pyridine--acetate buffer (pH 5.o). During centr ; fugat ion at an average o f  x2 590 rev.[ 
rain at  2x °. the molecular  weight es t imates  shown in Table  I[  were de te rmined  from 
the  meniscus and bo t tom readings a ~ u m i n g  I V~? ~ o.29. 

The  value o.TT for ~ has been e~timated from the amino acid composi t ion so. 
I f  ~ for the c a rbohyd r a t e  moie ty  is considered to be o.6o, the mean molecular  weight  
will be reduced to  xo ooo. 
The  var ia t ion among these molecular-weight e~timates probably  was due to un- 
ce r t a in ty  in the  de te rmina t ion  of  increments  in ~efractive index at the boundar ies  
r a the r  t han  to  polydispersi ty.  This unce r t a in ty  re~ulted in part  from the  necessi ty of 
using a lower than opt imal  prote in  concent ra t ion  in the celt. 

Electrophoretic analysis 

I t  soon became evident  tha t  nt~ ~uitable e tectrophoret ic  methc_d wa~ available 
for the character iz: t t ion of  t o m p o n e n t  D. The ~txbstance remained at  ~he ~tarting 
point  af ter  electrophoresis  in s tarch gel and l×~iyacrylamide gel. This could be due 
to  the  fact t ha t  the su|z~tance was clc,.~e to its isoelectric point  a t  the  actual  pH 4.5 
or it could depend on inabi l i ty  of  the enz3-rne to pene t ra te  the gel. To  eliminate the 
la t te r  possibil i ty a dens i ty  gradient  composed of wate r  and heavy  wate r  was used 
a~ medium for electrophor~sLs (the rnethck-I will be descr ibed in a later publication}. 
The  mater ia l  did not  migrate  nei ther  could any he te rogenei ty  be observed. Becattse 
of  lack of  mater ia l  fu r ther  exper iments  could not be, performed.  

Car, bohydmte a~wlysis 

The  hexo.~, content  of  fract ion D af te r  refi l tration was de te rmined  with the 
orcinol meti~od of V^SSEUR 2t to 33"o (~'dw). 

DISC US.'$ION 

T h e  resul ts  o f  these exper iments  clearly demcmstrate  tha t  dextraxt geL'~ can be used 
to  concent ra te ,  desalt  and provide  a pre l iminary  f rac t ionat ion  of  the celluh>Iytic 
enzymes  o f  Poly~orus ve~,sicolor. Extens ive  Iosse~ in cellulase ac t iv i ty  usually a_~so- 
cra ted '~'ith prec ip i ta t ion  and evapora t ion  methods  of  concentra t ion,  precipi tat ion 
me thods  o f  f rac t ionat ion ,  and with desal t ing by  dialysis in cellulo.,a, mcmbral les  have  
been avoided ent irely.  

The  f i l t ra t ion procedure  gave very  reproducible  f ract lonat ion:  when performed 
on the same gel column. Each  o f  3 buffer sys tems tes ted gave iden.~ical pattet-r,s of  
d is t r ibu t ion  for protein and enz~ame activit ies within the limits of  err.'~1s of  analysis. 
The  pa t t e rns  achieved were consistent  with the principle of  f ract ionat ion according 
to  molecular  size. 

fl-Glucosidase has been separa ted  c~smpletely from cellulase and component  D 
has been sepaxated from at  least 2 o ther  celhfloiytie eomponent~ by  filtration on 2 
d e x t r a n  gel columns. The curves  (Fig. 2) for acti ' . ' i ty of  component: ,  B and C against  
c a r b o x y m e t h y l  cellulose and cellulose sol do not  coincide. This ma 5" be explained by  
the presence of  several  cellulolytic coml~ments  o f  different subs t ra te  .~pecificities. 
This  exp lana t ion  a l ~  is suptxwtt.xi by the polydispers i ty  observed during sedimenta-  
tion analysis  o f  these components .  
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Comp on e n t  D was  monoclisperse b o t h  in f i ltration on ~eI co lumn I I and in the  
ultracentrifuge.  Its  ac t i v i ty  ~ as a b o u t  5 t imes as  high as the  original  cul ture  filtrate 
when  calculated on the  basis  of  prote in  c o n t e n t  (280 m/~ absorbancy) .  The  ext~nt  o f  
purif ication c a l c ~ a t e d  on solids con ten t  was  very  m u c h  higher.  The  molecular  weight  
t t 400  cah:ulated for c o m p o n e n t  El places  this  e n z y m e  a m o n g  the  smallest  known 
enz3wnically act ive  na t ive  prote ins  and it  is very  m u c h  lower th a n  the  63 ~oo 
reported by" XVfllTAKER 1~ fi)r a purified ceLlulase from Myrothecium verruc~aria. 

Further  purif icat ion o f  the  impure c o m p o n e n t s  here obta ined  will be reported 
later. Kinet ic  s tudies  o f  c o m p o n e n t  D are in progress and studies  o f  the  comparat ive  
ac t i v i t y  of  the  various  c o m p o n e n t s  are p lanned.  
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