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                              Abstract

    
The

 substrate  specificities and  the  mode  of  action  of  three cellula$es  frern ]Rsett-

domonas
 fi'eeorescens var. cellulosa  were  investigated. Two  cornponents  were  obtained

 
by

 
starch-zone

 electrophoresis  of  the culture  fi1trate, and  another  component  was  ex-
tracted  from the cells  by uitrasonic  oscillation.

    These cellulase  preparations hydrolyzed CM-cellulose in more  or  less random

fashion.
 The  extracellular  celiulases  hydrolyzeci cellooligosaccharides  with  DP  above

fpur,
 cellodextrins,  colloidaI  hydrecellulose, and  ground native  cellulose.  The hydroly-

sis
 products  therefrom were  composed  of  glucose, cellobiose,  and  at least two  oli-

gesaccharides  ef  unknown  structure  in an  approximate  melar  ratio  of  1:10:le:2:3,
Ce]lobiose,

 several  B-glucosides, and  methyl  B-cellobioside were  net  hydrolyzed and
vanillin  S-cellobiosidie was  only  slightly  hydrolyzed.

    Using labeled glucose as  acceptor,  it was  demonstrated that the  formation of
unknown

 oligosaccharides  was  due to the  g]ycosyl-transferring activity  of these cel-
]ulases.

    
An

 
extracellular

 cellulase  hydrolyzed colloidal  hydrocellulose according  to the
equatlon;  p =11,6tO･5E4,o.

                                  Introduetion

     In contrast  te much  effort to elucidate  the  nature  of fungal cellulasesi-S)  
reia-                                                                         ,

tively
 
little

 has been made  with  those  of bacterial origin, although  a variety  of soil
 bacteria         have been known  to utilize  cellulose  as  a  sole  carbon  source.

  . 
Fu.iiwara

 and  Terui2) have formerly reported  that a strain  ef  Bacillus h",drolv-
ticus

 produces an  extracellular  cellulase  that cause$  considerable  loosening of  c61-
]ulose

 
fiber

 with  the  formation of  enly  a  small  amount  of  reducing  sugars,  The  
ef-

fect
 of  this ceilulase  action  was  similar  to the degradation of  cellulose  by weather-'ing
 and  this particular enzyme  was  named  

"VVieathering

 cellulase".  On the  
other

hand. an  extraeellular  enzyme  from Aeudo?iionas .fluorescens var.  `'allulosa  showed

the hydroiase activity  teward  celluiose  fiber and  produced  a large amount  of  redu(--

presen//edThpiagrti)lti.VeaStZiiiilttiiOns.vWmaSo:l.laPPoQnrtglfl]ziv.rtie]Etrcihbe>n'nUstiitra(nFtuikreuMoktl)eM]aVl.iriitL,lni'go6f2iiducationofJapan,anr-i

Reseg;tffrgili 
ataog:raeStSh:i,Fserai?aernnata.iieOnn.
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ing sugarsiO);  this  cellulase  was  named  
"Hydrolytic

 cellulase".  The expressions  of
"VVeathering"

 or  
"Hydrolyti

¢
"

 appear  to belong to the current  category  of  endo-  or

exo-  splitting  mechanisms  for cellulose,  respectively.

    Recently, a  very  interesting study  on  bacterial cellulases  have been reported  by
King et alii),  who  found the  presence of  a  cellulase  component  acting  on  cellopen-

taose  in exowise  mechanism  in the culture  of  a  rumen  bacterium, Clellwibrio gilwus,
in addition  to several  components  of an  endowise  type, However,  other  detailed
studies  on  the mode  of  action  of  bacterial cellulases  have not  been carried  out  there-

after.  In the present  paper, preparatlons of  partially purified three  cellulases  from

2seudoinonas .fluorescens var.  cellulosa  and  the  mode  of  their  action  toward  various

substrates  are  reported,

                         Materials and  Methods

1. Isolation of cellulolytic  bacteria Several soil  bacteria were  isolated in the  fol-
lowing way  to compare  their cellulolytic  activities. A  small  amount  of garden  soil

was  inocu]ated on  the  culture  broths of  Omerianskii2) or  Hutchinson and  Claytoni3>
which  were  enriched  with  partly immersed pieces of  fiIter paper (1%), The  cul-

tures  were  kept at  37eC for several  days until  visible  colonies  appeared.  After suc-

cessive  transfer  of  the cultures  the growing  cells  were  diluted to a suitable  concen-

tration  and  spread  on  the  plates of  nutrient  agar  containing  starch  (O.5%) and  yeast
extracts  (O.Ol%). After incubation for a few days each  of  the colonies  appeared

was  transferred  to  a  broth of  filter paper. In this way,  about  fifty strains  of  cellu-

lolytic soil  baeteria were  isolated.

    On  the other  hand, Rseudomonas  flaorescens Migula var.  cellulosa  Ueda  et  Is-
hikawa, strain  number  107i`) was  obtained  through  the  courtesy  of  Dr. K. Ueda,
Institute of  Biochemical Engineering Agricultural Faculty  of  Toky.o Kyoiku  Unl-
versity.  This bacterium has been isolated in 1948 by Ueda  from the  fielcl soil. It
is a Gram-negative straight  rod  from O.5 to e,7u in width,  and  from 1.2 to 3.0pt
in length with  a  single  polar fiagellum.

    In addition,  several  strains  of  fporoaytophagn were  kindly supplied  by Dr. K.
Akashi, Institute of  Zootechnics, Agricultural Facult}r of  Kyusyu  University.
2'. Test conditions  of cellulolytic  activity  Bacteria were  cultured  on  a  10ml

medium  of  Omerianski or  Huchinson et  ctl. in a  te$t tubo containing  l%  partially im-
mersed  filter pape]'. The  cellulolytic  activity  vLTas eszirr]ated  bv an  extent  of  disinte-

gration of the filter paper, and  the  time of culture  required  for complete  crupnbling

was  employed  for their  relative  activity.

    For the  cultivation  of  Rseudomonas, 500ml  Roux bott!es containing'  2)t,)vml oT",

I')ubos' mineral  mediumi5)  with  1%  filter paper  were  used.  Culture of a  large scaie
was  made  at 400C  in a  10l  jar-fermentor containin.or  6 l. Dubos'medium  with  1%
filter paper  pulp under  rotary  agitation  of  400  cycles  per minute  and  aeration  of  5
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to  10 liters per minute.  Cellulase activity in the culture  filtrate reached  a  maxl-

mum  in general on  the  4th day of  culture  afterinoculation.  Possible contamination

with  other  bacteria was  checked  by incubation of  a  srnall  portion of  the  culture  on

Dubos-starch agar  plate,

3. Substrates Cellulose powder  was  prepared  by grinding defatted commercial

absorbent  cotton  dried on  phosphorous  pentoxide  and  sieved  through  an  1 mm

mesh.  Colloidal hydrocellulose was  prepared aecording  to the  method  of  WMstbltter

et  ali6). Cellodextrins and  cellooligosaccharides  were  prepared  by partial acetolysis

of  absorbent  cotton  according  to the method  of  Braun'7) modified  by LVhitaker`),

    A  mixture  oi  deacetylated oligosaccharides  was  fractionated on  a  column  of

activated  charcoal  (Shirasagi, Takeda  Co,) and  Celite 535 Cl:1 w/w)  by stepwise

elution  with  increasing ethanol  concentratlons.i8)  The  cellooligosaccharides  eluted

were  located by Anthrone methodi9}  and  paper chromatography,  EMuents  containing

sugar  component  of  the same  mobility  were  combined  and  concentrated  under

reduced  pressure to a  syrup.  Individual cellooligosaccharides  therein  were  crystallized

from aqueous  ethnol.  It was  identlfied by measuring  the  melting  point, R.  value

and  the  degree of  polymerization by means  of  Anthrone method  and  by reducing

value20'20.  Cellodextrins were  obtained  from the water  insoluble part of  the  saponi-

fied degradation products of  cotton.  An  average  degree of  polymerization  was  deter-

mined  to be approximately  20 by the method  of  Willstatter and  Schude122'. Sodium

earboxymethyl  celluloses  (CM-celluloses) with  the average  degrees of  substitution

(DS), O.613 and  O,41e, were  purchased  from Wako  Pure Chemicals Industry Ltd.,

p-Nitrophenyl B-D-glucoside and  vanillin  e-D-glucoside were  prepared  by the  method

of  Glaser and  Wulweck23), methyl  fi-D-g!ucoside was  prepared  aceording  to K6nigs

and  KnorrE`', vanillin  B-D-cellobioside was  synthesized  by the  method  of Helferich
and  Weber25), methyl  3-D-cellebioside was  synthesized  according  to Helferich et  al2e).

Ci`-glucose was  purchased frorn Japan Radio-isotope Associatlon,

4. Paper ehromatography  Reducing sugars  in reaction  mixtures  were  identified by

paper chromatography  with  Toyo  Roshi fiIter paper No, 51 using  (a) ascending  and

descending techniques  with  the  solvent  system  of  n-buthanol-pyridine-water  <6 :4:3)27)
iR most  cases,  (b) descending technique with  the  upper  layer of  isoamyl alcohol-

pyridin.e-water (I:1;1)`'28) for samples  containing  only  cellooligosaccharides,  and  (c)
descending technique  with  buthanol-pyridine-water (10:1:2) (personal communication

from Dr. A, Yasumura*1), In case  of  necessity,  samples  were  treated  with  Amber-

liTle IR  120  (H') and  IR  41V  (OH-) resin  before spotting.  Alkaline silver･ nitrate

reagent2D",  or  with  a  benzidine-trichloroacetic acid  reagent3"i'  was  used  as  detectors.
.i;･. Crude  enzyme  preparations (al) Extracellular cellulase  (Preparation I) : fZ{seu-

ci'o7ne7'ias cells  growv. on  ].Ol culture.  medium  were  removed  by centrifugation  at

2tOOO × g  for 30min. The  supernatant  was  concentrated  ro  about  one  thirtieth of

    
*
 Present address/  Sankyo Pharmaceutical Company, Shinagawa Tokye.
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 the initial volume  under  reduced  pressure below 40eC and  dialyzed against  tap  wa-

 ter at  50C, The  dialyzed solution  was  centrifuged  at 50000 x  g  for 40min,  and

 lyophilyzed, The resulting  fluffy white  powder  of  about  4 grams (O.023 unit  of  CM-

 cellulose  liquefying activity  lxig protein) was  stored  in wacuo  on  sllica  gel at  -400C.

 .In some  cases,  the  crude  enzyrne  was  stored  in a  state  of  precipitate obtained  by

salting  out  with  arnmonium  sulfate,  For further purification, the  Iyophilyzed enzyme

 was  dissolved in water  at  O.2%  and  pH  of  the  solution  was  adjusted  to 5 with  ad-

･dition of  O.1M.  acetic  acid. Solid ammonium  sulfate  was  added  to 35%  saturation

 under  constant  stirring.  The  resulting  precipitate was  dissolved in water,  dialyzed
against  O.O05 M. potassium  phosphate  buffer, pH  7.0 for 3 days at  OOC  and  lyophil-

.yzed. This cellulase  preparation showed  a  considerably  high cellobiase  activity.

 (b) Cell-bound cellulase  (Preparation IV): Abeut 5g  of  bacterial cells  were

obtained  by centrifugation  from 10l  culture  medium  after  filtration through  several

layers of gauze. They  were  washed  three  times  with  O.85 %  saline,  suspended  in

a  small  volume  of water  and  treated by sonie  oscillation  at  10 k cycle  for 15 rnin.

 The  disrupt cell-suspension  was  then  kept standing  overnight  with  toluene  at  OOC.

-A clear  solution  obtained  by centrifugation  at  50000 × g  for 40 min  was  dialyzed a-

galnst O.O05M  potassium  phosphate  buffer, pH7,O,  The  preparation showed  some

cellebiase  and  B-glucosidase activities  in addition  to powerful  cellulase  activity  (O.O036
unit  of  CM-cellulose liquefying activity  /ptg protein).
･6,

 Enzyme  assays  (a) Meesurement  of  cellulase  activity:  Colloidal hydrocel-
lu]ose and  CM-celiulose (DS, O.410), were  employed  for the cellulase  assays.  The

reaction  mixture  was  composed  of  two  volumes  of 1 %  CM-cellulose solution  (or 1
%  suspension  of  colloidal  hydrocellulose), one  volume  of  O.02 M  sodium  citrate buf-

fer, pH  6.1, and  one  volume  of  enzyme  solution.  After suitable  incubation t{me  at

,300C., aliquots  of  the  reaction  mixture  was  removed  for the determination of  tota1

reducing  power  (saccharifying activity,  SA)  by Schaffer-Hartmann-Somogyi titration

.method3i'32) or  Nelson-Somogyi colorimetry20'2i}.  In the  latter method,  absorbancy  at

･5(}Om#  was  measured  in a  Hitachl Beckmann spectrophotometer  DU.

    Viscometric assay  (liquefying activity, LA) was  performed  in an  Ostwald visco-

meter  (T6==14.2 sec.  for 2･ ml  of  water)  using  CM-cellulose as  substrate,  and  the

flow rates  of the reaction  mixture  were  measured  at  suitable  intervals. Although
.aqueous  CM-cellulose gave  a non-Newtoniari  iiquid, challges  in apparent  specific  flu-

idity Q¢ ,p)  under  these  conditions  were  parallel with  enzyme  concentration.  Ne

further attempt  was,  therefore, made  to elucidate  the  relationship  between  true and

apparent  specific  fiuidities.

(bl; Unit ef  cellulase:  The  unit  of cellulase  was  definecl as  an  enzvme  a-

rnouni  which  increases the  specific  fluidiTy oi; reaction  mixture  by 1,O during initial'･
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10  ̀ seconds*.  The reaction  mixture  was  composed  of  one  volume  of  1f}f CM-
cellulose  (DS, O.613), two  volumes  of O.02M  sodium  acetate  buffer, pH6.1,  and

one  volume  of  enzyme  solution5'e). The specific  fiu{dity and  reducing  power  were

determined in the same  way  as  above.

(c) Measurement  of the activities of  B-glucosidase and  cellobiase:  The  reac-

tion mixture  was  cornposed  of  one  volume  of  4.8mM.  solution  of  substrate,  two･

volume$  of  O.02M  sodium  citrate  buffer, pH  5.1, and  one  volume  of enzyme  solu-

tien, After the  suitable  incubation time  at  30eC, a}iquots  of  the  reaction  mixture･

(usual]y O.5ml for cellobiase  and  O.L) ml  for B-glucosidase) were  removed,  and  the･

reducing  power was  measured  by Nelson method  and  p-nitrophenel liberated was,

determined by the absorbancy  at  400 mpt  in O.1 M  sodium  carbonate.

                                 Results

1, Disintegration assay  The  results  of  tests for filter paper-disintegration by'

various  bacteria are  shown  in Table !. Of the bacteria tested, Rseudo7?tonas fiuo-

     Table 1, Comparison between the  ceHuSolytic  uctivities  of  sorne  mesopl]ilic; aerobic  bacteria,

Micreorganism

Aettdemonas J7:t.orescens var.  ceUulosa

ii: Duration of  cultivation  (days)

3I4 51
   '6i7

 l 10

i+i '
Sporoc.ytophaga,

   red  coiony

   yeilow colony

   white  eolQny

   black GDIony

   orange  colony

JtE]fI
--[

      I I            '

  
-)+)

  
-j.L

  
-i'!'

  
"i-1+

  
-[-i

T-nv1

!i i11

      Unidenfied,

         No. 4

         No. 8

         No.  Il

       +:  Residual filter
       -:  Residual filter

t"escens  var.  celtztlosa

of  filter paper.

2. Starch-zone
tion A  starch

Miller et  al3"'. Crude

    
*
 
'rhe

 5CK)U unrts  of

Keport ol' the  Commission  of

power  as  giucose.

1'IL L:

1

  r
  )

-l

    +

    +

  1
  l

   paper was  disintegrated by mild  
shake

 
of

 the  
culture.

 

-'

   paper was  not  disintegrated by moderate  shake  of  the  culture.

   was  found to have the strongest  activity  for the

electrophoresis  of  crude  extracelluiar  celiulase

block (5× 2 × 45cm)  in a  plastic tray  was  prepared

    extracellular  cellulase  was  dissolved in veronal

  No, 27 fraction, for example.  corresponds  to  one  unit  calculated  according  to the

    Enzymes of  the  Internationa! (Jnion of  Biochemistry, based

                                         NII-Electronic
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 on  the  reducing

        



The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  and

578

Bioengineering,  Japan

             Y. Shibata and  K.  Nisizawa [J. Ferrnent, Technol.,

8.6, and  pO.05,  to  give a  1.2 %  final concentraion,  and  dialyzed against  the same

buffer overnight  at  OOC. A  sludgy  mass  of starch  containing  about5ml  of  the  cel-

,lulase solution  was  packed  into an  about  1cm  crosswise  slit in the  starch  block at

a  distance of 15-16 cm  from eathode.  After electrophoresis,  the starch  block was  cut

crosswise  into 1cm  pieces and  each  was  transferred  to a  test tube  containing  10ml

 of  O.85 %  saline  soiution.  The  mixture  in the  tube  was  fully shaken  and  decanted
after  standing  overnight  at  room  temperature.  Each  extract  was  assayed  for pro-
tein  concentratione`'3S)  G-glucosidase activity,  and  CMC-cellulose-saccharifying and-

liquefying activities.  The  results  are  shown  in Fig, 1, The cellulase  activity  was

               b-
               )-
               =b
               8-
               

v
-

              .E- 
,,
 j"Ni;Al S. o･ss.

                               v.  O.FOt7･

r, ia.
 e,osFe/It

 so,L/ai-o

   
,
 

'llG

 lxibth
,
 

.ti`

    "

x

LA

bl,1}tsogtLsgo.'z

g
               -- o
               f] IO 1 2b 25  30  b5
                  +  Fract+om number

       Fig. 1. Resolution of  B-glucosidase and  cellulase  eomponants  of

           ctt!tllre  filtrate by starch  zone  electrophoresis,  Conditions;

          pH  8.6,p O.05, at  5℃ ,
 for 24 hours, 2.4 mAlcrn2  and  6-8

          eriginal  position (T) is not  corrected  for electreendosmosis.

          Lowry  protein measured  by the extinction  at  750mp,  G;
          measured  by  the  extinction  at  400 mp,  SA;  saccharifying  

''

          cellulose  rneasured  by the  extinction  at  500m-,  LA:. Iiquefying

          CM-cellulose expressed  by specific  fluidity.

separated  into two  peal<es, though  they  were  partly
saccharifying  activity  was  in accordance  with  the Iiquefying

eluate  in fraction No.27  or  30, especially  latter, was  used  for

purified cellulase  preparation,

    The  B-glucosida$e was  completely  separated  into two

activity. The  major  component  migrates  toward  anode

'minor
 one,  but both of  them  did net  everlap  the  cellulase

part of  protein was  separated  from any  cf  the  cellulase

activities  of  the  cellulase$  were  considerably  enhanced:  O.14

cellulose  liquefying activity  per Ltg. of  protein for No,27  and

3. Effect of  pH  on  celluiase  activities  The  hvdrolvsis

at  different pH  values  from 4,8 to 7',3, with  O.02M  sodium  
'

sults  are  shown  in Fig. 2. A  maximum  of  the

          veronal

           veltsfcm.

        S-glucosidiaseactivity

          actlvlty

     overlapped

         components

           rnuch

            actlvltles.

        components,

            and

            No. 30,

           cltrate

activity-pH-curves

  b
  1}
 .21.

  v2s

 .i I,
  8
  8o

Rseudomnas
  buffer at

     The
TP;  Total

  for CM-
activity  fer

 each  other,  and  the

one.  Therefore, the

the  experiments  as

      with  different

    faster than  the

 
'''

 . The  rnajor

     and  the  specific

  O.23 units  of  CM-

     respectively.

                 i

 rate  was  measure(j

    buffer. The  re-

  is at  pH  6.8, being
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in good  agreement  with  the values  reported  by

 lulase preparation obtained  by an  entireiy  dif-

 ferent procedure.

4. Time  course  of  hydrolysig  and  effect

of  enzyme  concentration  upon  the hydrol-

 ysis  of  CM-cellulose and  hydrocellulose

     The  rates  of  initial hydrolysis of  CM-cel-
lulose by purified extracellular  cellulase  were

measured  by both reductmetry  and  viscometry

･as a  function of  the amount  of  enzyme.  The
resuits  are  shown  in Fig's 3 and  4, respec

tively. The  hydrolysis rates  are  followed by
the  zeroorder  kinetics in ail cases.

    Relationships between the rate  of  hydrol-
ysis of  hydrecellulose at  various  periods of  time
and  enzyme  concentration  were  investigated.
The  results  are  shown  in Fig, 5 and  Table 2.

    As clearly  seen  from the bottom line of

the  table, the  increment of  the  logarithms of

ratios
 between the amounts  of reducing  sugars

produced  and  the roots  of reactton  time  
were

practically parallel with  the  logarithms of  the

 Exo-"or8-]o8egig'aB,e

Fig,

Asaiand  Okametoie) for their  cel-

 O 100 200
            Time  {min)

:i
 The  formation of  Teducing  $ugar  during

the  hydrolysis of  Cpt{-cellulose by  purified
exiracellu]ar  cellulase  of  different cencen-

tration. Numbers  iii t･he figure represent

ILg proteill pev ml  of  rhe  cellulase  !)repaTa･
tion, and  the  substrate  was  disso]ved at  O,5

per cent  nnul  ceneentration  in O.02M  socli-

um  citrate  buffer, pH6.1,

hi'-LS-.v.'atuaepE9g.a,,

Fig.

g

-taO.5t

 
m

nl

:･ l
o 1

             l
   /

  J. L,

     5 6pHV 8

Fig. 2. Effect of  pH  on  the sacchari-

   fying activlty  of  purified extracer-

   ]ular cellulase  for CM-cellulose.
   CM-cellulose was  dissolved at  O.5
   per cent  final concentration  in O.02

   M  sodium  citrate  buffer, Reaction
   mixture  was  incubated at  30"C, io:
   the  time  indicated.

 20

 

l.

 

 

 OS OOO  2000
 

3000
            Time {sec]

 4. The  time  course  of  increase in apparent
specific  fiuidity of  CNI-cellulose during the
hydrolysis by purified extracellular  cellvlase

o{  different concentration.  Numbers in T}ic
figure represent  -eg protein per ml  oi  the
cellulase  preparation,  and  the  substrate  wus

dissolved at  O.5 per cent  final concentration
in O.02M  sodium  cltrate  buffer, pH6.1,

i

tE
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enzyme  concentrations  and  the  propor-

tional  constant  of  O.43 was  obtained.

Thus, these  results  can  be expressed

hy the  following equation;

          P== 11.7 Ee･43 to･s

where  P  is the amount  of  reducing  su-

gars produceti (mg as  glucose) E  is the

relative  enzyme  concentration,  and  t is
reactlon  tlme  ln  mlnute.

5; Relationships between  specific

fiuidity (LA) and  the arnounts  ef

reducing  sugars  (RA) in the hydrol-

ysis of  CM-cellulose  Using CM-

celiuiose  as  substrate,  relationships  be-

tween  increase in the specific  fiuidity
and  increase in the  reducing  power

caused  by extracellular  and  cell-bound

cellulases  were  investigated to compare

the  mcde  of  their  action.  A  tangent

    Table  2. Relationships between the relative

       increase in reducing  sugars  produced from

Nisizawa (J. Fennent.  Technol.,

E
 g
 .if
 E L5
 gg'
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-x'[.O--,

z
 
`v!.o.5

 .e.#9'g

 o:.

Fig.

concentratlon

 hvdrocellulose.

 O  IOOO  2000  3000  4000

             -me  {min)

5, Hydrolysis of  hydrocellu]ose by purified
extracelluiar  cellulase  of  different concentra-

tlOll.Numbers

 in the  figure represent  pg  pTotein

per ml  of the  eellula$e  prepaTation, and  the

substrate  was  suspended  in 50 mM.  sodium

cnrate  buffer, pH  6.1 at O.5 per  cent  final
concentration,

'
 of  purified extraceilular  cellulase  and

Relativeconcentratlonof  enzyme  (E) 1:2 4i

LI
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tis! P!tU2

24.53L644.7 Lr1.141.201.IS
./.!11.591.55l,

 52-

1irL

2.02.e1.97 2,412,472.41iLI1112.742.812.69

Mean

Log8LogLogLog
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 iog p,,tin
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      :

1,55e.

 19]O,122O.3012.aj71i
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      I
      [
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 I
      LO.361 [
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  Data  were  eited  from  Fig. 5. P; reducing  sugaTs  as gtucos.e in mg,  t; incubation time  in minute.

(LA/RA) obtained  with  1 N-hydrochloric acid  was  shown  for comparison.  The
results  are  shown  in F{g', 6.

    Tangents for all cellulase  preparations indicate that  the mode  of  hya"roly.sis of

CTLa-eellulose by all these cel}ulases  were  of  a  random  type, although  more  or  less

differences were  found in randomness.
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6. Hydrolysis  products  from var-

ious substrates  Hydrolysi$ products

from various  substrates  by purified ex-

tracellular celluiase  were  identified by

paper  chromatography.  The  standard

reaction  mixture  (O.2ml) contained  2.4

"  mole$  of  stibstrate, except  CM-cel-

lulose, native  cellulose  and  cellulose

and  cellodextrins,  1pt mole  of  citrate

buffer, pH  6.1, and  O.4 unit  of  cel-

lulase. The  final concentratiens  of  CM-

cellulose,  native  cellulose  and  cellodex-

trins were  O.5, 1.0, and  2-.5 per cent,

respectively,  After the  suitable  periods

of  incubation at  300C., 20pt1 aliquots

of  the  reaction  mixture  were  removed

and  analyzed  for hydrolysis products by

paper  chrornatography.

    Cellobiose, cellotriose,  p-nitrophenyl
fi-glucoside, vaniilin  B-glucoside, rnethyl

B-glucoside, and  methyl  B-cellobioside

were  not  hydrolyzed by any  of  the ex-

tracellular  cellulase,  except  for very

low activity  for vanillin  B-cellobioside,

As shown  in Fig. 7, cellotriose,  cello-

biese, and  glucose were  produced  from

cellotetraose.  cellopentaose,  cellohexaose,

cellodextrins  and  cellulose  powder,  in an

approximate  ratio  of  le:10:1.  Cellooli-

gosaccharides which  seemed  to be cellot-

etraose  or cellopentaose  and  other  higher

oiigosaccharides  with  lower Rg  were

also  found at  earlier  stages  of  hydro!ysis
of  cellohexaose,  cellodextrins,  and  other

Ionger chain  substrates.  Oligosacchari
early  stages  of hydrolysis of

    The  existance  of such  higher
the longer chain  subsrrates  suggests  that

J`lyeudov7tonas cellula$es  is effected  by a

7. Transglycosylation  reaction  by
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       Diagram  showing  the  paper chrornato-

    grarns  of hydrolysis products  from varl,ous

    substrates  by purified extracellular  cellulase.

       gluce$e, cz;  eellobiose.  c3;  cellotriose.  c,;

    celleteTruose,  cs;  cellopentaose.  cG;  cel-

    lohexaose, CD;  cellodextrin,  NC;  native

    cellulose.  CMC;  GM-cellulose, SoLvent sys-
    tem;  buthanollpyridinlwater (6:4:3L', de-

    scending  tedhnique.  Detection: alkaiine

    silver  nitrate  method,

of  lower Rg  values  were  also  found at

 arides  in the hydrolysis products frora

  hvdroivsis of･ cellulosic  substrates  bv

     mechanism,

          Slnce the  presence  of  oligosac-
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charides  of  unknown  Rg  seemed  to be due to the enzymic  transglycosylation  reac-

tion, the possible transglycosylation activity  of  purified extracellular  cellulase  was

examined  in a  reaction  mixture  of  25mM  substrate$  and  methanol  as  an  acceptor

at around  7 per  cent  final concentration.  However, no  significant  difference was

feund in the  reducing  power of  reactien  mixtures  with  or  without  methanol.  Anal-
ysis of  the  reaction  mixtures  by paper chromatography  also  failed to detect any  trace

ef methyl  ts-glucoside or  cellobioside  and  any  other  glycosides different from the  pre-
ducts in the  absence  of  methanol.

    On  the  other  hand, several  spots  of  unknown  sugars  which  seem  to be trans-

glycosylation products were  detected in the  paper chromatograms  of the  hydrolysis

products in Fig. 7, These oligosaccharides  were  possib]y di- and  trisaccharides  judg-
ing from their  Rsr values.  Since no  cellebiase  and  B-glucosidase activities  were

found in the  purified extracellular  cellulase  preparation used  in this experiment  and

a  B-glucosidase preparation separated  from the  crttde  eellulase  preparation produced
gentiobiose as  a  transfer product*, the formation of  these unknown  sugars  in the

paper  chromatograms  may  be due to the  transglycosylation activity  of  cellulase, To
estimate  the approximate  molar  ratios  of  the.se products, they  were  extracted  from
the filter paper  and  determined colorimetrically.  Table 3 shows  the  results  as  ex-

pressed by the  relative  values.  The di- and  trisaccharides seeming  to be the trans-

glycosyiation products are  in considerably  large amounts,

    
Table

 3. Appreximate  molar  ratios  of  hydrolysis and  transglycosylation products from several

       substrates  by purified extraee]luiar  cellulase.

r

   C4

   c's

   ('ENative

 eellulose

C3rg3 C2

i'1,OLe1.01,25

1lO.15O,3O.4O,2lf

I

1.0LOl

1.o 1.
I･ .o l
      7

g2l
'G

O.1O.25O.2O.05O.05O.1o.]O.15

The  molar  amount  for eellobiose  was  taken  as unity.  G, C?,, C3, C4, Cs, Cg, represent  glucose, cellebiose,

cellotriose,  cellotetraose,  celiopentase.and  cellohexaose,  respectively.  Transglyeosylatien products that seemed

to be di- and  trisaccharides  are  representecl  as  g2 and  g3, respeciively.

    To
 confirm  the  possible  transglycosylation  activity  of cellulase,  

i`C-glucose

was  added  at  5 per cent  final concentration  to a  reaction  mixture  which  contained

cellotetraose  or  celloclextrin  as  substrate,  and  the  hydrolysis pro5uc.ts wete  analvzecl

chromatof.rraphicaliy  and  radioautographically  in the  routine  pro:ecdure, Theresults
are  showll  in Fig. 8, The  radioactivities  were  detected main]y  in the  spots  of  un-

known  saccharides.  but iow activizies  were  found in the spots  of  cellotriose  and  ce]-

lobiose. Therefore. it may  first be suggested  that cellulase  weuld  transfer  cellobiosvl

    
*

 Unpulished ebservaton.
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Tesidue  of the  substrates  to 
'`C-glucese

 to form

unknown  
'`Ctrisaccharide

 and  even  
i`C-cello-

'triose.
 On  the  other  hand, unknown  

i`C-disac-

-charide and  
i`C-cellobiose

 might  be secondarily

produced  {rom higher cellooligosy}  
i`C-glucose

whlch  had been pessibly formed by the trans-

,glycosyiation Teaction,

    One  of  the  unknown  
i`C-saccharides

 seemed

'to
 be i`C-trisaccharide

 (g3) was  eluted  from

paper  chromatogram  and  partially hydrolyzed
'with

 N-HCI for 1 hour. The  products obtained

were  then  identified by paper chromatQgraphy.

Tbe  results  are  indicated in Fig. 9. Partial

acid  hydrolyzate of  g.- contained  radioactive

,glucose, cold  cellobiose, and  a  small  amount  of

active  lamlnaribio$e, and  unhydrolyzed  g3 , The

fact suggests  that the possible strueture  of  
.aa

rnay  be 3-o-cellobiosyl glucose, The  g3, how-
･ever,

 has been slightly  contaminated  with  active

gentiobiose before hydrolysis, and  this disac-

charide  was  also  found in the hydrolyzate of

S)'3.

               Discussion

    In the  present work,  two  cellulase  com-

'ponents
 were  obtained  from the culture  filtrate

of  a  cellulolytic  pseudemonad  in a  purified

state.  They  were  entirely  free from cellobiase
･and B-glucosidase. In addition,  a  cellulase  pre-

paration that seems  to represent  the  cell-bound

･cellulase was  also  obtained,  although  in a  crude

state.  A  characteristic  feature ot' the extracel-

lular cellulases  is their wide  substrate  specificity.
'They

 hydrolyzed not  only  native  cellulose  but
alsc  various  cellooligosaccharides  down tQ celle-

tetraose.  Cellotriose and  cellobiose  were  not

hydro]yzed. Preclominant  products found in the

di.cr- est$  bs the  extraceliular  cellulase.  therefore,

.ameunt  of  glucose, This substrate  specificity  is

ef  AIL>,rothecium verrucaria("'`F"),  and  also any

G

g2CrgsC3C4Standerd

 Fig. 8, Diagram showing  the  paper

   ehromategrams  (Ch) and  radioau-

    tograms  (Ra) of  the  hydrolysis andi

   transglycosy]ation  pioducts  by puri-
   fied eellulase from  cellotetraose

    (CD and  celiodextrin  (CDI) ineu-

   bated with  
i4c-glucose

 as  acceptor.
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   Fig. 9. Diagram showing  paper  chro-

      rnatograms.  (Ch) and  radioauto-

      grarns (Ra) of  an  unknown  trisac-

      charide  (g3) a"d  those  of  the  par-

      tial acid  hydrolyzate from it. L' k･ :.

      Iaminaribiose, Ls; iaminaritriose.

      G2; geniiobiose.

are  cellotriose  and  cellobiose  but smali

 incon$istent  with  those of  a  ce!lulase

of the cellulase  components  of  bpex

Tlt-+-rT'
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  lacteus (5,6). In this respect,  Rseudomonas-extracellular cellulases  resemble  the cel-

  lulase components  of  7blichoderma viride  (8). Putting aside  its specificity toward

  lower cellooligosaccharides,  stress  should  be layed on  the  fact that  the  extracellular

 cellulase  of  the  11seuclomonas hydrolyze a  variety  of  substrates  from native  cellulose

 to higher cellooligosaccharides,  Possibly they  must  have a  nature  of  both C, and  C.

 cellulase  components,  according  to the  concept  of  Reese3S), Although the  cellulase-

 prel)arations in this  work  were  purified by electrophoresis,  they  rnight  be contamina-

 ted  by so-called  Ci-component as has recently  been repDrted  by Selby and  MaitlandST)'

 and  Wood3S) on  its presence  in the  culture  filtrate of  [b-ichode7wia x,iride.

     Purified extracellular  Rseudomonas cellulases  showed  similar  kinetics to the  cel-

 lulases of  other  erigin39'`S).  The reactions  by these  cellulases  seem  to proceed  ac--

 cording  to the equation;

                               P=k-tth-E"

 where  k is proportionai constant  and  p  is hydrolysis extent  effected  by the enzyme-

 amount  E  after  the  reaction  time  t. In the  equation  proposed  by Schtitz"), the･

 value  of  m  was  O.5, The  same  value  was  obtained  with  llseudo"zonas cellulase  on

 the  hydrolysis of  colloidal  hydrocellulose. blpex lacteus and  Aspe7gillus niger  cel-

 iulases have been reported39)  to hydrolyze the  hydroeeliulose with  the values  o ±

t O.5･

 and  O,33 for m,  respectively.  The  values  of n  for Ilietcdo?nonas cellulase,  however,.

 were  different from those  for bpec  (O.5) and  Aspergilllus (O.33) cellulasesJ  1.0 for

 CM-cellulose and  O.4 for hydrocellulose when  k was  11.7. These  differences in the,
rates  of hydrolysis of the colloidal  hydrocellulose may  be explained,  at  least in part,.
by the difference$ in the diffusion velocity  of  cellulases  and/or  products to and  from
the  heterogeneus phase  of  this substrate,  although  no  advanced  kinetic study  was

performed  in the present work.

    Another important problem  implied in the present work  is concerned  with  the,

mechanism  of  action  in the  hydrolysis of CM-cellulose, AII three cellulases  of  Rseu--
donionas were  shown  to be of  a  typical  random  type,  altheugh  the degree of  rando--
mness  seemed  to be different. In general, the  following consideration  on  the cellu-

lolytic process may  accottnt  for the differences in randomness  or  
"more"

 random  hy-
drolysis. In the  cellulolysis  sequence,  long chain  substratesri  intermediates r,a
end  products where  ki and  k2 represent  velocity  constants,  if ki is much  greater'
than  ]{2, then the  

"more

 random"  mechanism  would  be predominant, However, if'
k2/ki ratio  is in reverse  and  lower mo!ecular  saccharides  are  abundant  in the  end

products, an  apparent  
"less

 random"  mechanism  would  prevail. Similar reiationships･

have observed  most  recently  by Toda et  al. 
`S'

 on  fungal cellulase.  The  cellulase,

components  from 71 Vii"idc. which  have higher aflinity for lower cellooligosacchari-･

des hydroiyzecl CNi-cellu]ose less randomly,  while  the other  components  of lower af-

finitv･ showecl  more  random  characteristic.

    With  cellotetraose  as  well  as  other  cellulosic  materials  as  donor sub' strates,  the.
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purified .IZsettdomonas  cellulase  was  found to catalyze  glycosyl transfer  to  
i`C-glucose

giving Tise  to  at  least four Iabeled sugars,  two  1,4-linked 
'`C-oligosaccharides

 and  at

least two  not  fully identified 
i`C-sugars,

 presumably  
:`C-laminaribiose

 and  3-O-S-cello-

biosyl i`C-giucose.
 The  former (i`C-cellooligosaccharides) may  be the  hydrolysis product

･of the  cellooIigosyl  
'`C-glucose

 which  might  be formed by transglyeesylation  activity

･of this  cellulase.  These resalts  are  particularly noticeable,  because the fact is one

of few instances of  transglycosylation to sugar  catalyzed  by polysaccharidases of  an

endotype  when  the  intermediary enzyme-glycosyl  cQmplex  is relatively  stable  as  seen

-snTith
 lysozyme`S'`') and  a  certain  a-amy]ase`8).
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