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Purification of laccase 

Despite  a relatively extensive l i terature,  recently reviewed by  ]3OmCER 1, our  knowledge of the  
chemical na tu re  and  xnode of act ion of the  copper-conta ining oxidases,  tyros inase  and laccase, 
is r a the r  f ragmentary .  One of the  ma in  causes of this  has  been the  lack of well-defined prepara t ions  
of these enzymes  (c/, BOZ~ER1). The earlier finding b y  one of us = t h a t  the  mycelia of Polyporus 
versicolor can be induced to  fo rm large a m o u n t s  of laccase as an  exoenzyme offered a new possibil i ty 
for the purif icat ion of this  enzyme.  As will be shown  in the  p resen t  communica t ion ,  laecase con- 
s t i tu tes  the  major  p ro te in  componen t  in the  m ed i u m and, following a m m o n i u m  sulfate precipita- 
tion, a fu r ther  purification can easily be achieved by  zone electrophoresis  in cellulose columns3, 4 
or by  ch roma tog raphy  on a cellulose anion  exchanger  5. The  enzyme so obta ined  appears  homo-  
geneous, as judged by  electrophoresis,  ul t racentr i fugat ion,  end-group determinat ions ,  and  copper 
analyses.  

On the basis of resul ts  publ ished earlier=,6, ~, t he  following procedure  was  adopted  for the  
product ion  of crude enzyme solutions.  A s t ra in  of Polyporus versicolor Fries (No. z in) was  cul tured 
on the  following basal  med ium:  glucose, 20 g; L-asparagine, 2.5 g; KH=PO~, 0.5 g; MgSO~-7H20, 
o. 5 g; CaCle, o.oi  g; FeSO4- 7H=O, o.oi  g; M_nSO4.4HIO, o.ooi  g; ZnSO~-7HtO,  o.oo1 g; CuSO a. 
5H20, o.ooi  g; DL-phenylaianine, o.15 g; th iamin .  HC1, 5 ° / , g ;  distilled water ,  IOOO ml. (pH about  5 
af ter  sterilization.) 

I-1 Er lenmeyer  flasks, each containing 50o ml of this  medium,  were sterilized in the  autoclave 
at  12o ° for 20 min. They  were inoculated wi th  a myceliai suspension obta ined b y  shaking  mycelia 
of P. versicolor with  glass beads in a glass-s toppered bottle.  The size of the  inoculum corresponds 
to abou t  20 mg  dry  weight  per  flask. 

The cul tures were incubated on  a r o t a ry  shaker  (i io  rev/min ,  5 cm radius) a t  24 °. 4 days  
after  inoculation an " inducer"  was  added, normal ly  2.5-xylidine ( Eas tman  Kodak  No. 758) a t  a 
concentra t ion of 2. IO -4 M. This subs tance  induces a s t rong  format ion  of laccase, which is a lmost  
quant i ta t ive ly  secreted f rom the  mycel ium into the  medium.  W i thou t  this  addition,  the  format ion 
of laccase is negligible. 

The oxidase act ivi ty  of the  med ium was followed daily by  colorimetric tests  (catechol). 
\Vhen the m a x i m u m  had been reached, usual ly after  2 or 3 days, the  mycelia were filtered off, the  
filtrates being combined and cooled. The enzyme was precipi tated by  sa tura t ing  the  solution 
wi th  solid a m m o n i u m  sulfate. The precipitate,  which rose to the surface as a compact  layer, was  
easily separated f rom tile solution. Excess  solut ion was removed by centr i fugat ion (15oo × g). The 
precipitate was finally dialyzed in the cold (4 °) against  several  changes of dilute acetate buffer, 
p H  5 (o.oi M), during 2-  3 days. After  dialysis, the so lu t ion  often showed a marked  green color. 
The dialyzed solution was frozen, lyophilized, and the dry  powder  obtained (Fract ion A) was used 
for fu r ther  purification of the enzyme. 

Fract ion A was studied in paper  electrophoresis at a n u m b e r  of different p H  values (5.o, 6.8, 
and 8.2). Acetate, phosphate ,  and phospha t e -bo ra t e  buffers, all having  # = o.05, were used. In  all 
three  buffer systems,  only two protein  components  were obtained. The act ivi ty  could be localized 
in the paper  by spraying wi th  a catechol solution, and it was found tha t  bo th  pro te in  spots  possess 
oxidase activity. The two components  were separated in cellulose column electrophoresis in an 
appa ra tus  of the type described by  PORATH 8. ;~ typical pa t t e rn  for Frac t ion  A is shown in Fig. 1 ; 
the  exper imenta l  details are given in the caption. The samples in tubes  Nos. 18-2 4 (Fig. I) were 

Fig. I. Cellulose column electrophoresis of lac- 
case (Fract ion A). Column dimensions:  1.8 cm 
diameter ,  5o cm length;  buffer: phosphate ,  
p H  6.8, F = o.o5; sample:  2 ml of solution 
having  an optical densi ty  at 280 m F of 95 
(about  60 mg/ml) ; current :  I5 in.k; t ime:  33 h;  
fraction volume:  approx.  3 ml. O = protein 
concentrat ion,  measured as optical densi ty  at  
28o nile; & ~ enzyme activity.  The act ivi ty  
was zneasured by  adding lo ttl of sample to 
3 nil of subs t ra te  in a i -cm cuvette  in a Beckman 
DU spec t rophotometer  and following the ex- 
t inct ion change at 4~5 rot* as a funct ion of t ime 
at  20°; subs t ra te  solution: o.i  M catechol in 
phospha te  buffer, p H  5.8, [* = 0.o 5. The ( + )  and 
(--)  at  the b o t t o m  of the d iagram indicate the 
posi t ion of the anode and cathode, respectively. 
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c o m b i n e d  d ia lyzed  a g a i n s t  wa te r ,  a n d  lyophi l ized (F rac t ion  B). I n  general ,  on ly  th i s  m a i n  f rac t ion  
h a s  been  s t u d i e d  fu r t he r .  T h e  smal l e r  c o m p o n e n t  h a s  a cons ide rab ly  lower  specific ac t iv i ty ,  b u t  i t  
is imposs ib le  to  say ,  as ye t ,  if  i t  c o n s t i t u t e s  a d i f ferent  e n z y m e  or  a f o rm  of mic rohe te rogene i ty ,  
o f ten  obse rved  w i t h  enzymes*,  l°. 

F r a c t i o n  A can  also be  pur i f ied  b y  c h r o m a t o g r a p h y  on  t h e  chlor ide  fo rm  of D E A E  cellulose 5. 
A c o l u m n  h a v i n g  1.5 c m  dia.  a n d  18 c m  l eng t h  was  used .  I t  was  equ i l ib ra ted  w i t h  a o.o 5 ,~I t r is-  
( h y d r o x y m e t h y l ) a m i n o m e t h a n e ( T r i s ) - H C 1  buffer ,  p H  7.3, a n d  6o nag of F r ac t i on  A, d issolved in 
i ml  of  t h e  s a m e  buffer ,  were appl ied  to  t h e  co lumn.  S tepwise  e lu t ion  was  p e r f o r m e d  w i th  t h e  
fol lowing conce n t r a t i ons  of Tr i s :  o.o5, o.I ,  o.z a n d  o. 3 M.  The  m a i n  c o m p o n e n t  emerged  a t  0.2 3l" 
Tris ,  while  t h e  smal l e r  c o m p o n e n t  was  n o t  ad so rbed  even  a t  t h e  lowes t  ionic s t r e n g t h .  The  s a m p l e s  
of  zone e m e r g i n g  a t  o.2 M Tris  were  combined ,  d ia lyzed  a g a i n s t  wate r ,  a n d  lyophi l ized (Frac t ion  C). 
I n  p a p e r  e lec t rophores is ,  f r ac t ion  C s h o w e d  t h e  s a m e  mob i l i t y  as  f rac t ion  A. 

F r a c t i o n  B (or C) a p p e a r s  to r e p r e s e n t  p u r e  laccase  as  ev idenced  b y  severa l  cri teria.  The  
specific a c t i v i t y  across  t h e  zone in Fig.  1 is c o n s t a n t .  One  c o m p o n e n t  on ly  is ob t a ined  in  t h e  u l t r a -  
cen t r i fuge  ($20 ~ 6.0 s for  a o.8 % solut ion) .  T h e  p ro t e in  yields on ly  one N - t e r m i n a l  a m i n o  ac id  
(glycine), as d e t e r m i n e d  b o t h  w i t h  t h e  p h e n y l i s o t h i o c y a n a t e  a n d  w i th  t he  f luorod in i t robenzene  
m e t h o d  11. F r a c t i o n  A con t a i n s  more  t h a n  i 6  % c a r b o h y d r a t e  (de t e rmined  b y  t h e  orcinol  m e t h o d  12 
w i th  lac tose  as s t anda rd ) ,  whi le  t h e  c a r b o h y d r a t e  c o n t e n t  of  F r a c t i o n  B is less t h a n  1 % .  The  
h i g h e s t  specific ac t iv i ty ,  expressed  as Qo2 w i t h  ca techol  as s u b s t r a t e  x, is 3 6 o o o / , l / m g / h ,  wh ich  is 
1.8 t i m e s  h ighe r  t h a n  t h a t  of laccase p r e p a r e d  by  t h e  m e t h o d  of KEILn~ AND MANN TM. The  copper  
c o n t e n t  of  F r ac t i on  B is o.40 % (analys is  b y  t h e  c a r b a m a t e  methodl~ ;  t h e  p ro t e in  concen t r a t i on  
was  d e t e r m i n e d  b y  micro  Kje ldah l  ana lys i s ,  a s s u m i n g  a N c o n t e n t  of 16 %), i.e. 1. 7 t i m e s  t h a t  
f ound  in t h e  p r e p a r a t i o n  of KEILIN AND MANN 13. The  molecu la r  we igh t  h a s  no t  ye t  been  de te r -  
m i n e d  b u t  t h e  copper  con ten t ,  coupled  w i t h  t h e  s e d i m e n t a t i o n  cons t an t ,  m a k e s  i t  l ikely t h a t  t h e  
molecu le  con t a in s  4 a t o m s  of copper .  E lec t ron - sp in  r e sonance  m e a s u r e m e n t s  h a v e  d e m o n s t r a t e d  
t h e  p resence  of Cu(II) ,  b u t  t h e  s p e c t r u m  shows  t wo  re sonance  l ines,  wh ich  m a y  ind ica te  t h a t  t h e  
copper  a t o m s  are  n o t  all b o u n d  in  t h e  s a m e  way.  Th i s  q u e s t i o n  is be ing  s tud ied  fu r the r .  I n  addi t ion ,  
a t t e m p t s  a re  be ing  m a d e  to  isola te  coppe r - con t a in ing  f r a g m e n t s  a f te r  par t i a l  hyd ro ly s i s  w i th  
p ro teo ly t i c  e n z y m e s .  
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