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SUMMARV 

i An a-L-arablnofuranoslde was purified from the culture fluid of cort~cmm 
rolls** IFO 4878 The process was as follows salting out by (NH4) 2 SQ,  gel filtration 
on Sephadex G-Ioo and G-2oo, heat treatment, chromatography on DEAE-Sephadex 
A-5o, SE-Sephadex C-5o and QAE-Sephadex A-5o 

2 The highly purified enzyme was demonstrated to be homogeneous by ultra- 
centrifugal analysis and disc electrophoresls, respectively 

3 The actlvlt3 of the purified enzTyme towards phenyl a-L-arablnofuranoslde 
and beet arablnan was found to be maximum at pH 2 5 The enzyme was also found 
to be stable over a wide pH range, p H I  5 to IO, and to be unusually acid stable, even 
after storage at pH 2 o and 5 ° for 72 h, 83% of enzymic activity remained 

4 Km values were determined to be 2 86 IO -3 M for phenyl a-L-arabmofurano- 
side, 8 47 g/1 for arablnan and 28 6 g/1 for 1,5-arabman The values of Vmax were also 
determined to be 124 o/*moles for phenyl a-L-arabmofuranoslde, 53 o /*moles for 
arabman and 16 7/,moles for 1,5-arablnan per rain per nag of protein, respectively 

An a-L-arabmofuranosldase of Aspergdlus roger was highly purified b~ a 
method proposed by KAJI et al 1, and found to be active excluslvel3 on arablnofura- 
noslde I t  was recently obtained in crvstalhne form, and the amino acid composition 
and some physlcochemlcal properties were presented in the previous paper 2 

In 197o , the authors 3 reported that Cortw~um rolfs,~ produces an a-L-arabmo 
furanosldase in the culture fluid and the crude enzyme has a very low pH optimum 
and high acid tolerance The present communication describes the propertms of 
highly purified a-L-arabmofuranosldase produced by C rol[s~ IFO 4878 in respect 
to comparative biochemistry 

C rolfs~, is a plant-pathogenic, oxalate-formmg fungus It  was cultured by tim 
method described in the previous paper a a-L-Arabmofuranosldase was purified from 
5 6 1 of culture filtrate by the method of salting out by (NH4)2SO 4, gel filtratmn on 
Sephadex G-Ioo and G-2oo, heat treatment, chromatography on DEAE-Sephadex 
A-5o, SE-Sephadex C-5o and QAE-Sephadex A-5o The details of purification were 
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I A B L E  I 

P U R I F I C  g.TION OF ( 1 - L = A R ~ B I N O F U R A N O S I D A S E  

b t e p s  3 a n d  6 u e r e  r e p e a t e d  t ,~me I n  S t e p  4, t h e  e n z y m e  s o l u t m n  w a s  h e a t e d  a t  7 o~ a n d  p H  5 o 
lo r  i o  n11n S t e p  i o  w a s  p e r f o r m e d  as  lollo,~s Q A E - S e p h a d e x  A-5o  w a s  e q m h b r a t e d  w i t h  o o i  M 
s o d i u m  p h o s p h a t e  b u f f e r  ( p H  7 5) a n d  p a c k e d  in a c o l u m n ,  i 6 c m  x 15 c m  T h e  e n z ' , m e  so lu t ion  
9o ml ,  c o n t a i n i n g  io  3 m g  p r o t e i n  or  32o u n i t s  o f  a - L - a r a b m o f u r a n o b x d a s e ,  ~ a s  p o u r e d  o n t o  t h t  
c o l u m n  Fhe  e n z y m e  ~ a s  e l u t e d  ~ l t h  a step-x~lse a d d l t m n  o f o  i ,  o 2, o 3 a n d  o 4 M NaC1, succe~- 
six e ly  ,~ l th  c o n s t a n t  o o I  M sod lun l  p h o s p h a t e  b u f f e r  ( p H  7 o) 

f t ,  p I ol Total Total k teld Wpe~ zfic Szze of 
(ml) prot, t)z actzwty (°o) actwztv column 

(g) (umts) (umts/mg) (cm) 

I C u l t u r e  h l t r a t e  56oo 14 4 95 ° °  i o o  o 60 
2 ( N H 4 ) 2 S O  4 

(o 4 - o  7 ~atn  ) 450 6 4 8600 91 1 3 
3 b e p h a d e x  G - i o o  i o o o  3 o5 7 ooo 74 2 3 5 o × So 
4 H e a t  t r e a t m e n t  95 ° 2 ~5 283°  3 ° i 
5 (NH4)~SOa 

( 0 2  o 9 ~ a t n )  i t o  io(> 146o 15 1 4 
6 D E A E - S e p h a d e x  

A-5o  (I) 280 0 2 5  116o 12 4 ° 2 5  / 3o 
7 S E - S e p h a d e x  

C-5o 16o o 025 720 7 (3 29 2 5 '< ~o 
8 D E A E - S e p h a d e x  

A-5o  
( c o n c e n t r a t i o n )  42 O O 1 5  47 ° 4 9 31 I 6 X 1 0  

9 S e p h a d e x  G -2oo  90 o OlO3 :;2o ~ 4 31 2 5 ~ 4 ° 
i o  Q A E - S e p h a d e x  

A-5o 7 ° o 0092 290 3 i 32 i () ~< 15 
I i D E A E - S e p h a d e x  

,X-5o ( I I )  35 o 0060 290 3 I 44 I 2 , IO 

analogous to those described in the previous paper  2 except for the column chromato- 
graphy  on QAE-Sephadex 

The results of the over all purification procedures are summarized  in Table I 
and  show the 67-fold increase In specific ac t iv i ty  achieved Steps 7, 9 and  IO effec- 
t ively removed the very small  amoun t  /~-u-galactosldase which remained in the 
purified enzyme preparat ion The single zone in Fig I and the clear pa t te rns  in Fig 2 
demons t ra te  the homogenel t  3 of the purified a-L-arabmofuranosldase 

A reaction mix ture  conta in ing  i o ml of 25 mM phenyl  a-L-arablnofuranoside,  
o 25 ml of o I M HCl-sod lum ci trate  buffer (pH 2 5), I o ml of enz}me solution, 
o 25 ml of delonlzed water,  and  2 drops of toluene was incuba ted  at 3 °° for 3o mm 
Tile reaction was s topped by  the addi t ion of I ml of o o5 M Na2CO3 to I ml of reac- 
t ion mix ture  The arablnose released by  the act ion of enzyme was determined by  
the method of NELSON AND SOMOGYI 4 6 One u m t  of a-L-arabinofuranosldase is tha t  
amoun t  of enzyme which hberates  I /zmole of aldehyde per mln under  the above 
condit ions The actions on a rab lnan  and 1,5-arabinan were tested in a reaction 
mix ture  conta in ing  I o ml of o 5°i, subst ra te  (pH 2 5), o 25 ml of o I M HCl-sodmm 
ci trate  buffer (pH 2 5), i o m l  of enzvme solution, o 25 ml of delomzed water  and 
2 drops of toluene 

Phenyl  a-L-arabmofuranoslde was prepared according to the method reported 
by BORJESON et a l  ~ Purified beet  a rab inan  and 1,5-arabman were prepared as de 
acrlbed in the previous paper s 
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Fig  i Disc e lec t rophores ls  o fa -L-a rab lno fu ranos ldase  on p o l y a c r y l a m l d e  gel The purif ied enzvme  
solu t ion  c o n t a m m g  91/2g of  p ro te in  was  la'¢ered on a co lumn of  70'0 p o l y a c r y l a m l d e  gel and  allow- 
ed to m ig ra t e  in T r l s -g lvc lne  buffer (pH 8 3) for 90 m m  Pro te in  was s t a ined  wi th  Amxdo b lack  lOB 

Fig  2 Veloc i ty  s e d i m e n t a t i o n  of a -L-a rabmofuranomdase  Schheren p ic tures  were t a k e n  a t  
59 78o r e v / r a m  and  20 ° The purif ied enzyme  m o i M sodium ace t a t e  buffer (pH 6 o) was  ana lyzed  
a t  a concen t r a t ion  of 6 4 mg  enzyme  pro te in  per  ml 

The a m o u n t  of reducing sugar produced is a hnear  funct ion  of enzyme con- 
cent ra t lon  up  to 2 o # g  protein  per ml of react ion m e d m m  under  the condit ions 
men t ioned  above 

Effect of pH on act, wty of enzyme 
The effect of pH on the ac t iv i ty  of purified enzyme is shown m Fig 3 The 

op t imum pH value is 2 5 and  the high ac t iv i ty  appears in the range of p H I  5 to 3 o 
The purified a-L-arabmofuranosldase is still active at  the very low pH of I I The 
pH curve was the same when o I M HC1-KC1 buffer was used m place of o I M HC1- 
sodium citrate buffer In  order to examine  the influence of C1- on enzymic act ivi ty,  
the ac t iv i ty  was assayed in the reaction mix ture  con tammg various concentrat ions of 
NaC1 or KC1 The result  shows tha t  C1- does not  ac t ivate  the act ion of a-L-arabmo- 
furanosldase 

The op t imum pH was also pH 2 5 when beet a r a b i a n  was used as subs t ra te  
In place of phenyl  a-L-arablnofuranoslde 

Effect of pH on stab,lzty of enzyme 
Stab lh ty  of purified a-L-arablnofuranosldase at  various pH values and  5 ° for 

72 h was examined  using o i M HCl-sod lum ci trate  buffer for p H I  I to 3 o, o I M 
sodium c l t ra te -o  2 M sodmm phosphate  buffer for pH 3 o to 8 o, o 2 M Tr ls -o  i M 
HC1 buffer for pH 8 o to 9 o and  o 05 M Na2C03-o I M NaHCO 3 buffer for pH 9 o 
to I i  o After  Incubat ion,  the enzyme ac t iv i ty  was then  de te rmmed by  the method 
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trig 3 Effect  of p H  on a c t i v i t y  of a -L-a rabmofuranos ldase  A reac t ion  m i x t u r e  con ta in ing  i o ml 
of 25 mM phenv l  a -L-arabmofuranos lde ,  o z5 ml of buffer, i ,o  ml  of enzyme solu t ion  (3/~g of 
protein)  and  o 25 ml o f d e l o m z e d  w a t e r  was i n c u b a t e d  a t  3 o" for 30 mm o i M HC1 s o d m m  c~trate 
buffer ~a~ used for p H I  i to 3 o, o t M bodlum c l t r a t e - o  z M sod ium phobphate  buffer for pH  3 o 
t o S o  

F ig  4 Effect  of p H  on stabdlt-~ of a - I - a r a b m o f u r a n o s l d a s e  2 5 ml of enzyme  solut ion (62 5 t*g 
of protein)  and  o i M H C l - s o d m m  c i t r a t e  buffer were used for acid s t a b i l i t y  E a c h  m i x t u r e  ~ a s  
a l lo t t ed  to  ~tand a t  3 °0 "ihe procedure  .~as descr ibed m the  t e x t  t l e s ldua l  a c t l w t )  is represen ted  
as per  cen t  of u n t r e a t e d  enzyme  bolutlon 

ment ioned  above  The  resul ts  show t h a t  purif ied a -L-arab lnofuranos ldase  is relatlx ely 
s tab le  over  a wide p H  range,  I 5 to IO o Even  af ter  the  enzyme solut ion was s tored  
at  p H  2 o and 5 ¢ for 72 h, 83°0 of ac t iv i ty  r ema ined  and  a t  p H  I I ,  47°0 of a c t i v i t y  
st i l l  r ema ined  

S t ab i l i t y  of the  purif ied enzyme at  low p H  values  and  3 °0 for 5 h to 20 day~ 
was also examined  using o I M H C l - s o d m m  c i t ra te  buffer The procedure  was the  
same as descr ibed above  and  the  t empe ra tu r e  of incuba t ion  was ad]us ted  to 3 °0 in 
place  of  the  low t e m p e r a t u r e  of 5 ° As shown in F ig  4, the  purif ied enzyme was 
r e a c t i v a t e d  af te r  24 h of incuba t ion  at  p H I  I ,  b u t  56% or 77% of enzyme ac t i v i t y  
r ema ined  af ter  2o days  of incuba t ion  at  p H  2 o and  2 5, respec t ive ly  

These resul ts  ev iden t l y  d e m o n s t r a t e  the  unusua l  s t a b l h t y  at  low p H  which is 
character ls t l~ of a -L-arabmofuranos ldase  p roduced  b y  C rolfsz~ 

Act*o~ of a-L-arab,nofuranos2dase on various arab,noszdes 
The purif ied enz~ me was confirmed to be able  to hbe ra t e  L-arabmose  from beet  

a r abman ,  1 ,5-arablnan , a r a b m o x y l a n  and  pheny l  a -L-arabmofuranos lde ,  respec t ive ly  
The enzymic  p roduc t  was pape r  ch roma tog raph ica l ly  d e m o n s t r a t e d  to be only  L- 
arablnose  As a l r eady  descr ibed  above,  the  h igh ly  purif ied enzyme was also confirmed 
to be inac t ive  on p - m t r o p h e n y l  f l -D-galactopyranoslde  This subs t r a t e  specxficltv is 
the  same as t h a t  of  a -L-a rabmofuranos ldase  f rom A nzger 1,~ 

Mlchaehs cons tan t s  were de t e rmined  to be 8 47 g/1 for beet  a r abman ,  28 b g/1 
for 1 ,5 -a rabman  and  2 86 i o  -~ M for pheny l  a-L-arablnofuranoslde ,  respect ive ly  The 

Hz.~hzm Bzophys ~tcta, 250 (197 l) 3h7-~77 
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values of ~'max were also calculated to be 53 o/,moles for beet arabman, 16 7/,moles 
for 1,5-arablnan and I24 o #moles for phenyl a-L-arablnofuranoslde per mln per mg 
of protein These constants were determined by the method of LINEWEAVER AND 
BURK 9 

The results show that a-L-arabmofuranosldase from C rolfs~, lS active exclu- 
sively on furanomdes of arabmosldes, as already reported in the previous paper on 
a-L-arabmofuranosldase from A roger 1,2 

The highly purified enzyme was found to be active at very low pH values, 
I to 3 o, and to have an optimum for catalytic activity at pH 2 5 The purified 

enzyme was also demonstrated to be acid tolerable at p H i  I to 2 5 and 5 ° for 72 h, 
or at pH 2 o to 2 5 and 3 °° for 20 days According to these remarkable results, it is 
concluded that the high enzymic activity at very low pH values and the unusual 
tolerance to hydrogen ions are charactenstms of a-L-arabmofuranosldase from C 
rolfsz~ Endopolygalacturonasel° and fl-D-galactosldasen produced by the same fungus 
were found to be highly active at pH z 5 to 2 5 and acid tolerable These enzymes, 
including a-L-arablnofuranosldase, might be called acid glycosldase or acid glycanase 
because of their remarkable properties 

R E F E R E N C E S  

i A 
2 A  
3 A  
4 N  
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