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   A  cellulase  was  purifiod by  ammenium  sulfate  prccipitation, DEAE-Sepharose
chromatography  and  Toyopearl  HW-55F  gel fi1tration from the culture  fi1trate of  dilb
ulomonas  th  CB4. Thc  purified enzymc  appeared  homogeneous  on  disc-electrophoresis.

Its isoclecuic point was  4.4 and  ks morccular  weight  was  estimated  to bc 66,ooO by  sodium

dodecyl sulfate-polyacrylamide  gel electrophoresis.  The enzyme  rapidly  hydrolyzed
crysta]line  cellulose  and  produced  cellobiose,  but showcd  little activity  on  CM-cellulose
or  filter paper. It hydrolyzed cellotetraose  to cellobiosc  but did not  hydrolyze cellotriose.

  Previously,i) we  reported  the  isolation of

CleUulomonas uda  CB4, which  produced  an

extracellular  cellulase  with  strong  1rydrolytic
activity  on  crystalline  cellulose  (Avicel) and

described the  enzymatic  properties of  the
culture  filtrate of  strain  CB4. The  rate

limiting step  of  hydrolysis of  native  cellulose

was  considered  to be breakdown  of  the

crystalline  region.2)  Fungal  cellulases  which

hydrolyze crystalline  cellulose  have been
studied  extensively  and  are  considered  to  be

fi-1,4-glucan cellobiohydrolaseS,4)  or  a  
"1ess

random"  cellulase.5,S)  This paper describes
the  purification and  some  properties of  a

cellulase  active  on  crystalline  cellulose  from
Clellutomenas uda  aB4r.

          Materials  smd  Methods

 Production  of  cellulolytic  enzymes  CleUitlomo-
nas  udla CB4  was  cultured  at  30ea  for 48 h with  shaking

in the medium  described previously.i)

 Assay of  enzyme  activity.  The  hydrolysis of

crystalline  cellulosc  (Avicel, E. Merck  AG.)  and  CM-
cellulose  (Sigma Co.) was  measured  as  described

previously.i) Activity for hydrolysis of  crystalline

cellulose  was  assayed  by measuring  thc  !iberation of

reducing  sugar  by  the  Somogyi-Nelson  method.V)

 Determination  of  protein  concentration  Pro-

tein concentration  was  determined  by  the  method  of

Lowry  et al.,S) with  bovine serum  alburnin  as  a  standard,

or  estimatecl  from absorbance  at  280 nm.  The  value

of  absorbance  at  280 nm  for e.1%  ceilulase  (final step

in Table 1) was  O,989.

 Electrophoresis  Disc electrophoresis  was  carri-

ed  out  by the method  of  OrnsteinO) and  Davis.iO) The
molecular  wcight  was  determined by  sodium  dodccyl
sulfate  (SDS)-polyacrylamide gel disc electrophoresis

by  thc method  of  Weber  and  Osborn.ii) Marker

proteins wcre  obtained  from Sigma  Co. The  iso-
elcctric  point of  the  enzyme  was  determined  by  electro-

focusing on  an  Ampholine polyaerylamide gel plate
(LKB. Co.).

 Preparation  of  cellooligosaccharides  Cellpt
niose and  cellotetraose  were  prcpared from cellulose
powder  (Whatman Co., aFll> by  the  method  of

Sasaki et aL12)

  [hin  layer chromatography  Samples wcre

spottcd on  a  Silica Gel G  plate and  developed for 3 h
with  n-butanol-ethanol-water  (2:2:1, vlv).  Sugars
on  the  plate wcre  detected by  spraying  the  plate with
50%  sulfuric  acid  and  heating it at  110eC.

        Results and  Discussion

  Purification of  cellulase  All opera-

tions were  perfbrmed  at  40C. The  culture

broth (6 l) was  fractionated by le to 50%
saturation  with ammonium  sulfate  and  the

resulting  precipitate was  dissolved in a  small

volume  of  O.05 M  Tris bufler, pH  7.2, and

applied  to a  Sephadex  G-25  column  (3× 90
cm)  equilibrated  with the same  buffer. Pro-
tein fractions of  larger molecular  size  were

cellected  and  precipitated with  ammonium

sulfate  (50% saturation).  The  precipitate
obtained  was  dissolved in a  small  volume

of  the  buffer, desalted by gel filtration on

Sephadex G-25, and  applied  to a  DEAE-
Sepharose column  (2.6× 34 cm)  equilibrated
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Fig. 1.
   (S xco  cm)  drtmatograplry.
   Fracticms of  9.5 ml  wtne  collected.

   A, ?rotein (absotbance at  2eo nm);

   As tivity tovvard (IM-otillulose.

number

Elution pattern af  cellulolytic  enzymes  on  the first DEAE-Srpharose  co1um

e,  Activity toward  erystal1ine cellulose;o,

with the Tris buffer. Thc  column  was

washed  with  the saxne  buffer and  cnzyme

protein was  eluted  with a  linear gradient of

O to O.3 M  NaCl in the  buffer, as shown  in

Fig.1. Fractionnos.178-189,whichshcrwed
high activity  on  erystalline eellulose, were

collected  and  concentrated  by  thc above

procedures. The  pooled imctions were  re-

chromatographed  on  a  DEAE-Sepharose

colum  with  a  !inear gradient of  O to O.2 M

NaCn. Fractions were  treated  as  above,  and

applied  on  ･a T:oyopearl HW-55F  colum

(3× 63 cm)  equilibrated with  the Tris buffer

containing  O.2 M  Naal. As shown  in Fig.

2, two  protein pcaks were  cluted. Fraction
nos.  60-65, which  sbowed  high activity  on

qrystalline cel1ulose,  were  treated  as  above

and  rechromatographed  on  a  Ebyopearl

HW-55F  columm  undcr  the samc  conditions.
'Tli

¢  cellulase  was  eluted as  a  single  peaJc.
The  purification steps  are  summarized  in
Tab!c 1. The  recovery  of  the activity  on

crystalline  cellulose was  O.4%. From  the
electrophoretic  pattern shown  in Fig. 3, the

enzyme  appeaTed  homogenous.
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2. Elution pattern of eeflulolytic  enzymes  on  a

Tc,yopcarl HW-55F  colum  (3x6S cm).
Fzactions of 4.5rril were  co11ected.

A,  ?rvtcin (absorbanec at  2eo rm);  e,-Activity
tffward  crystallinc  ed1ulese; O, Activity toward

aM-oellulese.

Fig.3. Pdlyacry1amide ge! disc electrophoresis  ef the

purified oellulase.  Electrepboresis was  carried  out

at pH  8.9 at  2 mAItube  for 180 rnin.
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Tabie 1.Summary  of purification.

381

step
TbulProtdn

 (mg)

Totalactivity(units)Spec"ic
 aedvity

(unitslmg}Yuld{%)

Culture Mtrate

Amrnonium  sulfate

DEAE-Sepharese (2nd)
Tesyopearl HW-55F  

'
 (2nd)

31, 1oo5,

 560

  am

   ss

1,410

 4za

  ro

  6

O. O-5a

 oo7O.

 099O.

 !1

1oosu.4

 l.4

 Q4

Ceilulase aetivity  was  measured  with  Avicel as  a  subetzatc.

  Properdes  of  the  cdUulase  As  shown

in Fig. 4, the molecular  weight  of  the purified
cnzyme  was  estimated  to be 66,OOO. The
isoelectric point of the enz)rme  was  estimated

to  be 4.4. . The  opdmum  pH  for the hydroly-
sis ofAvicel  was  pH  5.5 to 6.5. The  errzyme

was  stable  between pH  5.5 and  8.0. The
optimum  ternperature  of  the  enzyme  was

45-500C. 
'I'he

 activity  of  the enzym ¢  was

complete!y  1ost on  incubation at  600C for
10min  in O.2M  acetate  buffer, pH  5.5,
without substrat ¢ . The  ¢ nzlrme  was  activat-

ed about  2 times  by  addition of  l mM  Cc"+
or  Mns+.

  Hydralysis of  ¢ el1ulose substretes

The  substrate  specificity of  the purified
enzyme  was  studied.  As shown  in Table  2,
Avicel was  the  best substrate  and  the rates

of  the hyzlrolysis of  cotton,  CM-cel1ulosc
and  Mter paper we!t  16, 13 and  1%  of  that

t-

:t
#:

s'
E

of  Avicel, respeedvcly.  The  apparent  Ki
value  for Avicel was  about  2.9 mglrnl.  As
shown  in IFXg. 5, the rnain  product ffom
Avicel was  cellobiosc, with  a  trace  of  cello-

triose. Figure 6 shows that cellotetraose

was  readily  hydrolyzed to  ccllobiose,  but
cellotriose  was  not  hydrolyzed. [Eliese re-

sults  suggested  that the cellulase  frem a  ttcla

CB4  was  a  fi-l,4-glucari cellobiohydrolase.

Although fi-1,4:glucan cellchiolrydrolase  from
T: uin'de iso!atcd by Woocl et al.S) hac{ little
ability to hydrolyze highly ordcred  forms of
ceUulesc,  our  putified cnzyme  had high
activityonAvioel.  

'!hecellulasewith"high-

ly lcss randem"  specificity,  purified ffom

Trit 1lodenna by Niskizawa et at.5) and  Toyma
et at.,S) 1rydrolyzed cel!ouiose  readily  to

cellobiose  and  gluoose. Our  enzyrne  from

Cletlvlomenas u`la aB4  did not  hydrolyze
cellotriose,  but had  high activity  on  Avicel.
These differences in substrate  specificity  must

Tabie2. Substratcrpecificltyafpurifieclcellulasc.

Subetrates Activity
(unitslml)

      o e.2 o,4 e.s o,s 1,o

         Hetative  mobility

Fig.4. Estimationofmolecularwelghtefthepurified

   oellulase by SDS-gel electrophoresis.

   A, egg  albumin  C45,eOO); B, pgpsin C34,7oo);
   C,  trypsittogun  (24,OOO); D, tl-lactogiobulin
   (18,400); E, purified cellulase and  bcrvine albumin

   (66,OOO).

AvioelCnA-oellulosc

(]omonFilter

 paper

o. orroO.

 O095O.

 Ol!7e.

 ooog

A  reactitm  mi,tturc  oonsisting  ef  2.0ml of  I%  substrate

solution,  pH  5.5, and  O.1ml of purified cellulase  (61pg}
was  incubated at 45ea for 6emin. Reducing sugar
was  measure(l  as  glucose bJr thc Somogyi-Nelson  m"

thod. One  unit  ef  activity is dcfined as  the  ameunt

liberating 1 -,mol af  glucose per min.
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