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ABSTRACT

L ig n in a s e  i s  an e x t r a c e l l u l a r  h a e m p ro te in  p ro d u ce d  

in  th e  c u l t u r e  f i l t r a t e s  o f  w h i t e  r o t  f u n g i  w h ich  i s  

c a p a b le  o f  c a r r y i n g  o u t  some o f  th e  r e a c t i o n s  a s s o c ia t e d  

w ith  th e  d e g r a d a t io n  o f  l i g n i n  in  v i v o . The enzyme was 

f i r s t  i s o l a t e d  fro m  s t a t i o n a r y  subm erged  c u l t u r e s  o f  

P h a n e ro c h a e te  c h r y s o s p o r iu m . I n  t h i s  t h e s i s ,  m o d i f i 

c a t io n s  to  e x i s t i n g  c u l t u r e  m ethods w e re  in v e s t ig a t e d  in  

o rd e r  to  f a c i l i t a t e  th e  p r o d u c t io n  o f  s u c c e s s iv e  h a r v e s t s  

o f l i g n in a s e  fro m  th e  same fu n g a l  b io m a s s . In  e a r l y  

e x p e r im e n ts ,  th e  fu n g u s  was embedded in  a g a r  b e n e a th  a 

l i q u i d  m edium . H o w eve r, i t  was fo u n d  t h a t  th e  fu n g u s  was

a p p a r e n t ly  a b le  to  s o l u b i l i s e  th e  a g a r ,  and  t h i s  le d  to
an

th e  u se  o f  p o ly u r e th a n e  foam  a s Aa l t e r n a t i v e  - i n e r t  - 

im m o b i l i s a t io n  s u p p o r t .

The im m o b i l i s a t io n  o f  P . c h ry s o s p o r iu m  in  cu b es  o f  

p o ly u r e th a n e  foam  r e s u l t e d  in  th e  p r o d u c t io n  o f  in c r e a s e d  

and m ore u n ifo r m  h a r v e s t s  o f  l i g n i n a s e ,  and  a ls o  f a c i l i 

t a t e d  th e  u se  o f  th e  same fu n g a l  b io m ass  f o r  th e  

p r o d u c t io n  o f  s e v e r a l  s u c c e s s iv e  h a r v e s t s  o f  l i g n in a s e .

In  a d d i t i o n ,  fo a m - im m o b ilis e d  c u l t u r e s  o f  P . c h ry s o s p o r iu m  

c o u ld  be s t o r e d  a t  4 °C  f o r  p e r io d s  o f  a t  

l e a s t  tw o  m onths w i t h  no a p p a r e n t  lo s s  i n  th e  a b i l i t y  o f  

th e  fu n g u s  t o  p ro d u ce  f r e s h  s u c c e s s iv e  h a r v e s t s  o f  

l i g n in a s e  upon c u l t u r e  r e a c t i v a t i o n .
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D u r in g  th e  c o n c e n t r a t io n  and p u r i f i c a t i o n  o f  th e  

iso z ym e s  o f  l i g n in a s e  p ro d u c e d  by foam im m o b il is e d  

P . c h r y s o s p o r iu m , i t  was o b s e r v e d  t h a t  an a p p a re n t  lo s s  o f  

enzyme activity c o u ld  be r e v e r s e d  by th e  i n c l u s i o n  o f  a 

ra n g e  o f  m e ta l io n s  in  th e  s ta n d a r d  v e r a t r y l  a lc o h o l  

o x id a s e  a s s a y .  T h is  e f f e c t  was shown to  be due to  th e  

c o - c o n c e n t r a t io n  o f  a p H -d ep en d en t i n h i b i t o r  o f  l i g n i n a s e ;  

th e  e f f e c t s  o f  th e  l a t t e r  b e in g  r e v e r s e d  i n  th e  p re s e n c e  

o f  th e  m e ta l io n s .  The i n h i b i t o r  compound was s e p a r a te d  

from  th e  is o z y m e s  o f  l i g n i n a s e  d u r in g  a n io n - e x ch a n g e  

c h ro m a to g ra p h y , and  a p r e l im in a r y  a n a l y s i s  has  shown i t  

s h a re s  a num ber o f  p r o p e r t i e s  w i t h  u r o n ic  a c id  p o l y 

s a c c h a r id e s .
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INTRODUCTION

1.1 What is lignin, and why is it so important both 
ecologically and industrially?
Lignin is the second most abundant organic 

compound on Earth, the most abundant being cellulose.
I t  i s  fo u n d  i n  a l l  h ig h e r  p l a n t s ,  i n c lu d in g  th e  f e r n s  and 

c lu b  m o sse s , b u t  has n o t  b een  d e t e c t e d  i n  o th e r  p l a n t  

g ro u p s  su ch  as  th e  B r y o p h y ta  ( t r u e  m o sses ) o r  th e  l i v e r 

w o r ts  ( E r i c k s o n  and M ik s c h e ,  1974a and b ; M ik sc h e  and 

Y a s u d a , 1 9 7 8 ) .  In  wood and  v a s c u l a r  p l a n t  t i s s u e ,  l i g n i n  

i s  p r e s e n t  a t  a c o n c e n t r a t io n  o f  20-30% (w /w ) and i s  

lo c a t e d  i n  t h e  c e l l  w a l l  m a t e r i a l  w h e re  t o g e t h e r  w i t h  th e  

h e m ic e l l u l o s e s , i t  fo rm s a m a t r ix  w h ic h  s u r ro u n d s  th e  

o r d e r l y  a r ra n g e m e n t  o f  c e l l u l o s e  m i c r o f i b r i l s  (S a rk a n e n  

and L u d w ig , 19 71 ) .  In  wood t i s s u e ,  th e  l i g n i n  a c t s  a s  a 

g lu e  w h ic h  fo rm s  th e  m id d le  l a m e l l a  l a y e r  b e tw een  

a d ja c e n t  c e l l s .

L ig n in  i t s e l f  i s  an  am o rp ho us , t h r e e - d im e n s io n a l  

p o ly m e r ,  com posed o f  p h e n y l p ro p a n e  u n i t s  l in k e d  i n  a 

v a r i e t y  o f  d i f f e r e n t  w a y s .  I t  d i f f e r s  fro m  o th e r  

n a t u r a l l y  o c c u r r in g  p o ly m e rs  su ch  as  c e l l u l o s e  o r  p r o t e in ,  

in  t h a t  i t  d oes  n o t  h a ve  a r e g u la r  r e p e a t in g  bond a lo n g  a 

l i n e a r  b a c k b o n e . The r e a s o n  f o r  t h i s  h e te ro g e n o u s  

s t r u c t u r e  l i e s  in  i t s  b io s y n t h e s i s  w h ic h  o c c u r s  by th e  

f r e e  r a d i c a l  p o ly m e r is a t io n  o f  p r e c u r s o r  a r o m a t ic  a l c o h o ls  

(S a r k a n e n  and  L u d w ig , 1 9 7 1 ) .  T h e re  a r e  t h r e e  p o s s ib le  

p r e c u r s o r  m o le c u le s  t h a t  a r e  known to  be in v o lv e d  in  th e



b io s y n t h e s i s  o f  l i g n i n ,  and  t h e s e  a r e  p - h y d ro x y c in n a m y l 

(c o u m a r y l )  a l c o h o l ,  4 - h yd ro x y- 3 - m e th o x yc in n a m y1 

( c o n i f e r y l )  a l c o h o l ,  and 3 , 5 - d im e th o x y c in n a m y l ( s i n a p y l )  

a l c o h o l ,  s e e  F i g .  1 ; th e s e  g i v e  r i s e  to  p - h y d r o x y p h e n y l, 

g u a i a c y l ,  and s y r i n g y l  u n i t s  i n  th e  l i g n i n  p o ly m e r , 

r e s p e c t i v e l y .  The r e l a t i v e  b a la n c e  o f  t h e s e  u n i t s  i n  

l i g n i n  e n a b le s  th e  l i g n i n s  o f  d i f f e r e n t  p l a n t  g ro u p s  to  

be c l a s s i f i e d  i n t o  t h r e e  m a jo r  g ro u p s : g u a ia c y l  l i g n i n

(m ost c o n i f e r s ,  ly c o p o d s ,  f e r n s ,  and h o r s e t a i l s ) ,  

g u a ia c y 1 - s y r in g y 1 l i g n i n  (m o s t d ic o t y le d e n o u s  a n g io sp e rm s  

and some g ym n o sp erm s) ,  and g u a ia c y l- s y r in g y l- p - h y d r o x y l  

l i g n i n  ( h i g h l y  e v o lv e d  g r a s s e s ) ;  H ig u c h i  e t  a l .  1977. 

T y p i c a l  e x am p les  o f  th e  s t r u c t u r a l  a r ra n g e m e n t o f  th e  

m onom eric  u n i t s  i n  c o n i f e r  and  b eech  l i g n i n  a r e  shown in  

F i g s .  2a and 2b , r e s p e c t i v e l y  ( A d le r ,  1977; N im z, 197 4 ) .  

F ig .  3 shows t h e  r e l a t i v e  p r o p o r t io n  o f  t h e  d i f f e r e n t  

l in k a g e s  fo u n d  i n  s p ru c e  l i g n i n  ( A d l e r ,  1 9 7 7 ) ;  th e  m ost 

d o m in an t fo rm  o f  l in k a g e  b e in g  th e  B-0-4 e t h e r  l in k a g e  

w h ic h  a c c o u n ts  f o r  a p p r o x im a te ly  50% o f  t h e  t o t a l  

l in k a g e s  i n  a l l  a n g io sp e rm s  ( K i r k  and F a r r e l l ,  1987 ) .

From  an  e c o lo g i c a l  p o in t  o f  v ie w ,  l i g n i n s  a r e  an 

e x t r e m e ly  im p o r t a n t  g ro u p  o f  com pounds. U l t im a t e l y ,  th e  

d r i v i n g  f o r c e  f o r  th e  m a in te n a n c e  o f  l i f e  on E a r t h  i s  

p ro v id e d  b y  s o l a r  r a d i a t i o n .  A u to t r o p h ic  o rg a n is m s  u se  

t h i s  e n e rg y ,  and  by th e  p r o c e s s  o f  o x y g e n o g e n ic  p h o to 

s y n t h e s i s ,  c o n v e r t  s im p le  in o r g a n ic  com pounds in t o  

com p lex  l i v i n g  o r g a n ic  m a t e r i a l .  A f t e r  an  a p p r o p r ia t e  

p e r io d ,  th e  l i v i n g  m a t e r i a l  e v e n t u a l l y  d i e s ,  and when th e
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" t r a p p e d "  c a rb o n  and o x yg en  h a ve  b een  m in e r a l i s e d ,  t h e y  

th e n  r e - e n t e r  th e  p o o l o f  c a rb o n  and  oxygen  as  s im p le  

in o r g a n ic  com pounds a g a in .  I n  t h i s  w ay , th e  c a rb o n -  

o x yg en  c y c l e  i s  a b le  to  c o n t in u e .  W i t h in  t h i s  c y c l e ,  

i n s o lu b le  a r o m a t ic  m a c ro m o le c u le s  s y n th e s iz e d  b y th e  

h ig h e r  p la n t s  c o n s t i t u t e  a v a s t  r e s e r v o i r  o f  c a rb o n  and 

o xyg en  (E v a n s ,  1 9 7 7 ). The l a t t e r  in c lu d e  l i g n i n s  and 

t a n n in s ,  and t h e s e  com pounds a r e  p a r t i c u l a r l y  im p o r ta n t  

s in c e  th e y  a r e  o f t e n  o n ly  d e g ra d e d  a t  a v e r y  s lo w  r a t e ;  

and c o n s e q u e n t ly ,  t h e y  p r o v id e  th e  m ost p ro b a b le  r a t e -  

l i m i t i n g  s te p  f o r  t h e  e n t i r e  c a rb o n - o x y g e n  c y c l e .

In  a d d i t i o n  to  b e in g  im p o r t a n t  e c o l o g i c a l l y ,  

l i g n i n  i s  a l s o  im p o r ta n t  i n d u s t r i a l l y .  Man h a s  e x p lo i t e d  

th e  b io s p h e r e 's  a b i l i t y  t o  p ro d u c e  v a s t  q u a n t i t i e s  o f  

l i g n o c e l l u l o s i c  m a t e r i a l ,  and  h as  d e v e lo p e d  l a r g e  

i n d u s t r i e s  b a se d  on th e  u se  o f  t h i s  s u b s t r a t e ;  f o r  

e x a m p le , a g r i c u l t u r e ,  f o r e s t r y ,  and th e  m a n u fa c tu re  o f  

p a p e r .  E a ch  o f  t h e s e  i n d u s t r i e s  g e n e r a te s  e i t h e r  

d i r e c t l y  o r  i n d i r e c t l y  enorm ous q u a n t i t i e s  o f  w a s te  

p ro d u c t s  t h a t  c o n t a in  l i g n o c e l l u l o s e  as  a m a jo r  com p onen t. 

A summary o f  th e  w a s te  p ro d u c t s  t h a t  c o u ld  be u se d  as  

p o t e n t i a l  s u b s t r a t e s  f o r  m ic r o b ia l  c o n v e r s io n ,  and  a l s o ,  

a summ ary o f  th e  p r o d u c t s  t h a t  m ig h t  u s e f u l l y  be p ro d u ce d  

b y  m ic r o b ia l  c o n v e r s io n ,  a r e  shown in  T a b le s  1 and 2, 

r e s p e c t i v e l y .
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T a b l e  1 P o t e n t i a l  s u b s t r a t e s  -For m i c r o b i a l  c o n v e r s i o n  *

Substrate Reference
i
f

Cattle manure

1

Bellamy (1972a and b, and 1974) j
Urban solid waste Stutzenberger et al. (1970 and 

1971); Updega-f-f (1971)
Logging and pulpmill wastes Millett et al. (197Q); 

Mellenberger et al- (1971); 
Harkin et al - (1974); Pamment et 
al. (1979)

Agricultural wastes Chalel et al. (1979); Chandra 
and Jackson (197l); Dekker and 
Richards (1973); Peitersen 
(1975); Ramasay et al .  (1979)

Peat

.

Farnham (1978); Quierzy et al .  

(1979); Ghosh and Klass (1979)

* Adapted -from Craw-ford (1901)
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Table 2 Goals -For microbial conversion *

Production of chemicals
'Reference

Polyphenols Goldstein <1975)
Organic acids Scott et al - ( l93Ĉ | Hajny et

al. (l95l)
Methane Schmid <1975); Clausen et

al- <1977); Hashimoto et
al. (1975); Yeck <1979);
Commoner <1979); Robbins et
al. <1979)

Glucose Mandels et al. <1971);
Brandt et al. (l972) ; Dhawan
and Gupta <1977)

Alcohols or Single 
cell protein Bellamy (l974); Dauglulls and

Bone (1977); Moo—Young et
al. (1979); Stutzenberger
<1979)

Delignification o-f Ander and Eriksson <1975
wood chips and 1978)
Pretreatment o-f Dekker and Richards (1973);
highly lignified Zadrazil (1977);
plant residues to 
increase their 
digestibility by 
ruminants

Ford (1978)

Detoxi-fication o-f 
pollutants Eaton (1985)

-*Adaoted from Crawford <1981)
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1.2 Lignin degradation - How is its degradation studied, 
and what microorganisms can degrade it?

I t  can  be seen  fro m  F i g s .  2a and 2b t h a t  m ic r o 

o rg a n is m s  w h ic h  ca n  d e g ra d e  l i g n i n  m ust f i r s t  o ve rco m e  

t h e  d i f f i c u l t i e s  a s s o c ia t e d  w i t h  th e  s t r u c t u r e  o f  su ch  a 

co m p lex  p o ly m e r . T h is  means t h a t  u n l i k e  th e  d e g r a d a t io n  

o f  o t h e r  b ip o ly m e r s ,  th e  i n i t i a l  s t e p s  i n  th e  d e g r a d a t io n  

o f  l i g n i n  m ust be n o n - s p e c i f i c  and n o n - h y d r o l y t i c , and 

b e c a u s e  o f  th e  s i z e  and s o l u b i l i t y  o f  l i g n i n ,  t h i s  

i n i t i a l  a t t a c k  m ust a ls o  be e x t r a c e l l u l a r .  The n a tu r e  o f  

l i g n i n  h as  a l s o  p re s e n te d  d i f f i c u l t i e s  i n  th e  s tu d y  o f  

i t s  d e g r a d a t io n .  The u se  o f  1 l+C - la b e l l e d  l i g n i n s  w h ic h  

a r e  c o n v e r te d  t o  1 ^CC^ p r o v id e s  a r e l a t i v e l y  s im p le  a s s a y  

w h ic h  g iv e s  a good e s t im a t io n  o f  th e  o v e r a l l  d e g r a d a t io n  

o f  l i g n i n .  H o w e ve r , th e  r e s u l t s  m ust be i n t e r p r e t e d  w i t h  

c a u t io n ,  as  t h e r e  a r e  a num ber o f  p o s s ib le  f la w s  i n  t h i s  

a p p r o a c h .

The p r e p a r a t io n  o f  1^ C - la b e l le d  l i g n i n s  can  e i t h e r  

be i n  v i v o  (C r a w fo rd  and C r a w fo r d ,  1976; H a id e r  and 

T r o ja n o w s k i ,  1975) o r  in  v i t r o  (H a id e r  and T r o ja n o w s k i ,  

1975 ; K i r k  e t  a l . ,  1 9 7 5 ). D u r in g  th e  p r e p a r a t io n  o f  in  

v i v o  l a b e l l e d  l i g n i n s ,  i t  i s  e s s e n t i a l  t o  e n s u re  t h a t  

l a b e l l e d  p r e c u r s o r  m a t e r i a l  d o e s  n o t  becom e in c o r p o r a t e d  

i n t o  n o n - l ig n in  com ponents s u ch  a s  p r o t e in  o r  a r o m a t ic  

a c id s  t h a t  a r e  n o t  p a r t  o f  t h e  s t r u c t u r e  o f  l i g n i n  i t s e l f  

(B e n n e r  e t  a l . ,  1984; C r a w fo r d ,  1 9 8 1 ). I n  a d d i t i o n ,  

when u s in g  l a b e l l e d  l i g n i n s  p r e p a re d  in  v i t r o , i t  i s  

e s s e n t i a l  t h a t  th e  l i g n i n  s y n t h e s iz e d  i s  in d e e d  p o ly m e r ic  

(C r a w fo r d ,  1 9 8 1 ). I t  s h o u ld  a l s o  be p o in t e d  o u t  t h a t



d u r in g  th e  d e g r a d a t io n  o f  l i g n i n ,  a p r o p o r t io n  o f  th e  

l i g n i n  i s  d e g ra d e d  to  w a t e r - s o lu b le  compounds and th u s  

when u s in g  l a b e l l e d  l i g n i n s ,  some o f  th e  l a b e l  w i l l
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a lw a y s  re m a in  i n  th e  aq ueo u s  p h a s e  ( L e i s o l a  e t  a l . ,

1 9 8 3 a ;  R e id  e t  a l . ,  1 9 8 2 ) ;  and  a l s o ,  t h a t  some o f  th e  

bonds i n  l i g n i n  ca n  be r e l a t i v e l y  u n s t a b le  d u r in g  p r o 

lo n g e d  in c u b a t io n  i n  h o t ,  a c i d i c ,  o r  a l k a l i n e  c o n d i t io n s ,  

and  t h i s  can  le a d  to  th e  r e l e a s e  o f  s m a ll  f r a g m e n ts ,  

w h ic h  a r e  th e n  a b le  t o  be d e g ra d e d  m ore e a s i l y ,  th u s  

le a d in g  to  c o n c lu s io n s  w h ic h  a r e  n o t  n e c e s s a r i l y  

a p p l i c a b l e  t o  an  in  v i v o  s i t u a t i o n  ( K i r k  and F a r r e l l ,

1 9 8 7 ) .  An a l t e r n a t i v e  a p p ro a c h  t o  th e  u se  o f  l a b e l l e d  

l i g n i n ,  i s  to  s tu d y  th e  d e g r a d a t io n  o f  l i g n i n  m odel 

com pounds. T h ese  a r e  lo w  m o le c u la r  w e ig h t  compounds t h a t  

c o n t a in  c h e m ic a l s t r u c t u r e s  t h a t  a r e  known t o  o c c u r  i n  

l i g n i n .  The in f o r m a t io n  t h a t  i s  g a in e d  a b o u t  th e  

d e g r a d a t io n  o f  t h e s e  may th e n  p r o v id e  u s e f u l  in f o r m a t io n  

a b o u t  th e  d e g r a d a t io n  o f  l i g n i n  i t s e l f  (M u ra n a k a  e t  a l . , 

1 9 7 6 ) .  Once a g a in  th o u g h , t h e  r e s u l t s  o b ta in e d  s h o u ld  be 

i n t e r p r e t e d  w i t h  c a u t io n ,  and  i t  s h o u ld  be rem em bered 

t h a t  w h e re a s  th e  l i g n i n  m odel com pounds a r e  u s u a l l y  lo w  

m o le c u la r  w e ig h t  and  w a te r  s o lu b l e ,  and ca n  th u s  be 

d e g ra d e d  i n t r a c e l l u l a r l y , l i g n i n  i t s e l f  i s  m a c ro m o le c u la r  

and w a te r  i n s o l u b l e ,  and i t s  d e g r a d a t io n  m ust t h e r e f o r e  

f u l f i l  th e  c r i t e r i a  o u t l in e d  a b o v e ,  i . e .  i t  m ust be 

e x t r a c e l l u l a r ,  n o n - s p e c i f i c  an d  n o n - h y d r o ly t i c  (H a a rs  and 

H u tte rm a n n , 1 9 8 0 ) .  Of a l l  t h e  m odel compounds i n v e s t i 

g a t e d ,  one o f  th e  s im p le s t  t o  u s e  w i t h  i s o l a t e d  

p r e p a r a t io n s  o f  enzym es i s  v e r a t r y l  a l c o h o l .
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The u se  o f  v e r a t r y l  a l c o h o l  was f i r s t  r e p o r t e d  b y 

T ie n  and  K i r k  (1 9 8 4 ) .  T h e y  n o te d  t h a t  d u r in g  th e  

o x id a t io n  o f  th e  B-O-4 d im e r  m odel com pound,

1 - ( 3 , 4 - D im e th o x y p h e n y l) - 2 - ( 2 - m e th o x y p h e n o x y )p ro p a n e - 1 , 

3 - d i o l , a p p r o x im a te ly  15% o f  th e  compound was o x id is e d  to  

th e  C - a lp h a  k e to n e ,  and  t h a t  t h i s  r e a c t i o n  was a n a lo g o u s  

t o  th e  o x id a t io n  o f  v e r a t r y l  a l c o h o l  t o  v e r a t r a l d e h y d e . 

The m a in  a d v a n ta g e s  o f  u s in g  v e r a t r y l  a l c o h o l  a s  a m odel 

compound f o r  th e  d e g r a d a t io n  o f  l i g n i n ,  a r e  t h a t  i n  

a d d i t io n  to  i t  b e in g  c o m m e r c ia l ly  a v a i l a b l e ,  i t s  

o x id a t io n  to  v e r a t r a ld e h y d e  c a n  a l s o  be m o n ito re d  

s p e c t r o p h o t o m e t r i c a l l y . T h u s , u n l i k e  m ore co m p lex  m odel 

com pounds t h a t  r e q u i r e  s o p h i s t i c a t e d  t e c h n iq u e s  to  

i n t e r p r e t e  w h a t p r o d u c t s  h a v e  b een  fo rm ed  upon t h e i r  

d e g r a d a t io n ,  i t  i s  p o s s ib le  t o  m o n ito r  th e  o x id a t io n  o f  

v e r a t r y l  a l c o h o l  a s  i t  o c c u r s .

H a v in g  d is c u s s e d  t h e  m ethods b y  w h ic h  l i g n i n  

d e g r a d a t io n  ca n  be s t u d ie d ,  and  a l s o  th e  c r i t e r i a  w h ic h  

m ust be f u l f i l l e d  f o r  t h e  r e s u l t s  o b ta in e d  t o  be 

a p p l i c a b l e  to  an  i n  v i v o  s i t u a t i o n ,  i t  i s  now a p p r o p r ia t e  

to  d is c u s s  th o s e  m ic ro o rg a n is m s  w h ic h  by a c o m b in a t io n  o f  

m a c ro s c o p ic  and m ic r o s c o p ic  o b s e r v a t io n ,  and i s o l a t i o n  

from  " r o t t e d - l i g n i n "  e n v ir o n m e n ts ,  i n  c o n ju n c t io n  w i t h  

th e  t e c h n iq u e s  d is c u s s e d  a b o v e ,  h a ve  b een  shown to  

d e g ra d e  l i g n i n .  I t  s h o u ld  be s t a t e d  t h a t  a t  p r e s e n t ,  

u s in g  t h i s  a p p ro a c h , t h e r e  i s  no c o n v in c in g  e v id e n c e  

w h ic h  s u g g e s ts  t h a t  l i g n i n  d e g r a d a t io n  ca n  o c c u r  t o  a n y  

s i g n i f i c a n t  l e v e l  i n  a n a e r o b ic  e n v iro n m e n ts  su ch  a s  i n
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la k e  s e d im e n ts ,  se a - b e d s  o r  a n a e r o b ic  s o i l s  (Z e ik u s  e t  

a l . ,  1982 ; C o lb e rg  and Yo ung , 1985 ; H o l t  and  Jo n e s ,  

1983; O d ie r  and  M o n t ie s ,  1 9 8 3 ). T h u s , i t  w o u ld  a p p e a r  

t h a t  th e  m ic r o b ia l  d e g r a d a t io n  o f  l i g n i n  i s  

c o n f in e d  t o  a e r o b ic  c o n d i t io n s  o n l y .

The d e g r a d a t io n  o f  l i g n i n  b y  m ic ro o rg a n is m s  ca n  be 

c o n v e n ie n t l y  d iv id e d  in t o  b a c t e r i a l  and  f u n g a l  s y s te m s .

Of th e  b a c t e r i a l  s y s te m s  t h a t  h a ve  b een  s t u d ie d ,  i t  ca n  

g e n e r a l l y  be c o n c lu d e d  t h a t  a e r o b ic  b a c t e r i a  a r e  n o t  a b le  

to  b r in g  a b o u t  r a p id  o r  e x t e n s iv e  l i g n i n  d e g r a d a t io n .

The a c t in o m y c e te s  a r e  th e  m ost e x t e n s i v e l y  s t u d ie d  g ro u p  

o f  b a c t e r i a ,  w i t h  th e  maximum c o n v e r s io n  o f  14C - la b e l le d  

l i g n i n  t o  ltfC 0 2 b e in g  c .2 0 % .  In  one r e p o r t ,  S t r e p to m y c e s  

v i r id o s p o r u s  and  S .  s e t o n i i  w e re  a b le  t o  re d u c e  th e  

l i g n i n  c o n t e n t  o f  s p r u c e ,  m ap le  and  A g ro p y ro n  b y  32-44%, 

as d e te rm in e d  b y  p e r fo rm in g  a c h e m ic a l  a n a l y s i s  o f  th e  

i n s o lu b le  r e s id u e s  ( A n t a i  and C r a w fo r d ,  1 9 8 1 ), and in  

a n o th e r  r e p o r t ,  o x id a t i v e  a l t e r a t i o n s  t h a t  re s e m b le d  

th o s e  b ro u g h t  a b o u t  by w h it e  r o t  f u n g i  ( s e e  b e lo w ) w e re  

o b s e rv e d  when S .  v i r id o s p o r u s  had  been  in c u b a te d  in  th e  

p re s e n c e  o f  s p ru c e  ph loem  (C r a w fo r d  e t  a l . ,  1 9 8 2 ). In  

o th e r  s t u d i e s ,  th e  p r o d u c t io n  o f  " a c i d - p r e c i p i t a b l e  

p o ly m e r ic  l i g n i n " ,  o r  A P P L , h as  been  r e p o r t e d  (C ra w fo rd  

e t  a l . ,  1983; M c C a r th y  e t  a l . ,  1986; P e t t y  and 

C ra w fo rd ,  1 9 8 5 ). T h e se  p r e p a r a t io n s  o f  l i g n i n  c o n t a in  

d i f f e r e n t  r e l a t i v e  c o n c e n t r a t io n s  o f  c a r b o h y d r a t e ,  and 

th u s ,  may be fo rm ed  as a r e s u l t  o f  p o ly s a c c h a r id e  

d e g r a d a t io n  r a t h e r  th a n  l i g n i n  d e g r a d a t io n  (M c C a r th y  e t

a l .  1 9 8 6 ).
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I n  s t u d ie s  u s in g  o t h e r  g ro u p s  o f  b a c t e r i a ,  i t  has 

n o t  been  p o s s ib le  t o  p r o v id e  c o n c lu s i v e  e v id e n c e  o f  

s i g n i f i c a n t  l i g n i n  d e g r a d a t io n .  H o w e ve r , i n  one s e t  o f  

e x p e r im e n ts ,  Descham ps e t  a l . ,  (1 9 8 0 ) d id  show t h a t  a 

ra n g e  o f  b a c t e r i a  w e re  a p p a r e n t l y  a b le  t o  b r in g  a b o u t 

r a p id  r a t e s  o f  K r a f t  l i g n i n  d e g r a d a t io n ,  a lth o u g h  s in c e  

th e y  d id  n o t  u se  1^ C - la b e l l i n g , i t  c a n n o t  be d is c o u n te d  

t h a t  th e y  may s im p ly  h a ve  b ee n  o b s e r v in g  a d s o r p t io n  o f  

th e  l i g n i n  t o  th e  c e l l s .

The d e g r a d a t io n  o f  l i g n i n  by f u n g i  i s  g e n e r a l l y

much m ore r a p id  and  e x t e n s iv e  th a n  t h a t  o b s e rv e d  f o r
wood

b a c t e r i a .  I t  i s  p o s s ib le  t o  s u b - d iv id e Afu n g i

in t o  t h r e e  c a t e g o r i e s  d e p e n d in g  on th e  m a c ro s c o p ic  and 

m ic r o s c o p ic  a p p e a ra n c e  o f  t h e  wood a f t e r  fu n g a l  

c o lo n i s a t i o n :  w h i t e  r o t ,  s o f t  r o t  and  b row n  r o t .  The

w h i t e  r o t  f u n g i  a r e  th e  m o st p r o l i f i c  l i g n i n  d e g ra d in g  

f u n g i ,  and c o n s e q u e n t ly ,  b e c a u s e  t h i s  g ro u p  h as  been  m ore 

th o r o u g h ly  i n v e s t i g a t e d  th a n  t h e  o th e r  g ro u p s ,  i t  w i l l  be 

d e a l t  s e p a r a t e l y  i n  S e c t io n  1 .3  o f  t h i s  I n t r o d u c t io n .

T h e  s o f t  r o t  f u n g i  h a v e  n o t  b e e n  s t u d i e d  

e x t e n s i v e l y ,  a n d  a s  a  r e s u l t ,  l i t t l e  i s  k n o w n  a b o u t  t h e i r  

e n z y m o l o g y .  H o w e v e r ,  i t  h a s  b e e n  s h o w n  t h a t ,  a t  l e a s t  

f o r  s o m e  s p e c i e s  o f  A s c o m y c e t e s  a n d  F u n g i  I m p e r f e c t i ,  

w o o d  p o l y s a c c h a r i d e s  a r e  p r e f e r e n t i a l l y  d e g r a d e d  r a t h e r  

t h a n  t h e  l i g n i n  ( K i r k ,  1984 ; K i r k  a n d  C o w l i n g ,  1 9 8 4 ).

The brow n r o t  f u n g i  h a v e  a l s o  n o t  b een  s tu d ie d  

v e r y  e x t e n s i v e l y ,  a l th o u g h  i t  i s  known t h a t  t h e y  s e c r e t e
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t h e y  a r e  a b le  t o  d e m e th y la te  a r o m a t ic  m e th o x y l g ro u p s , 

and  to  a l e s s e r  e x t e n t ,  b r in g  a b o u t  a r o m a t ic  r in g  

h y d r o x y la t io n  and  r i n g  c le a v a g e  ( K i r k ,  1984; K i r k  and 

A d le r ,  1 9 7 0 ). C o n s e q u e n t ly ,  i n  s t u d ie s  u s in g  1^ C - la b e l le d  

l i g n i n s ,  m ore ll+C02 was p ro d u c e d  when th e  l a b e l  was 

p r e s e n t  i n  th e  a r o m a t ic  m e th o x y l g ro u p s  r a t h e r  th a n  in  

th e  s id e  c h a in s  o r  th e  a r o m a t ic  r in g  i t s e l f  (H a id e r  and 

T r o ja n o w s k i ,  1975 ; K i r k  e t  a l . ,  1 9 7 5 ). B e c a u s e  o f  th e s e  

c h a r a c t e r i s t i c s ,  b row n r o t  f u n g i  do n o t  le a d  t o  a 

s i g n i f i c a n t  m in e r a l i s a t i o n  o f  th e  l i g n i n  p o ly m e r .

1.3 Lignin degradation by the white rot fungi
The w h i t e  r o t  f u n g i  a r e  th e  m ost e f f i c i e n t  l i g n i n  

d e g ra d in g  f u n g i ,  and  c o n s e q u e n t ly ,  a r e  th e  m ost t h o r o u g h ly  

s t u d ie d  o f  a l l  t h e  l i g n i n  d e g r a d in g  m ic ro o rg a n is m s . 

T y p i c a l l y ,  w h i t e  r o t  f u n g i  in v a d e  th e  lum en o f  wood c e l l s  

w h e re  th e y  s e c r e t e  enzym es w h ic h  le a d  to  th e  d e g r a d a t io n  

o f  l i g n i n  as  w e l l  a s  o f  o t h e r  wood c e l l  co m p o n en ts .

S t u d ie s  u s in g  e l e c t r o n  m ic ro s c o p y  h a ve  shown t h a t  th e  

d e g r a d a t io n o f  l i g n i n  can  a c t u a l l y  o c c u r  a t  a d i s t a n c e  aw ay 

fro m  th e  f u n g a l  h yp h ae  ( B l a n c h e t t e ,  1984; B la n c h e t t e  and 

R e id ,  1986; O t je n  and B l a n c h e t t e ,  1 9 8 6 ). D u r in g  th e  

d e g r a d a t io n  o f  l i g n i n ,  i t  h a s  a l s o  been  shown t h a t  a 

number o f  o x i d a t i v e  ch a n g e s  o c c u r  a t  th e  s t r u c t u r a l  l e v e l ,  

in c lu d in g  th e  o p e n in g  o f  a r o m a t ic  r in g  s t r u c t u r e s  (C hen  

and C hang , 1 9 8 5 ), and t o g e t h e r ,  th e s e  r e s u l t  i n  th e  

d e p o ly m e r is a t io n  o f  l i g n i n  (C hen  e t  a l . , 1982 ; Chen e t  

a l . ,  1983; R e id ,  1985; R e id  e t  a l . ,  1982; T a i  e t  a l . ,

33



34

1983; T e ra z a w a  e t  a l . ,  1983) and th e  r e l e a s e  o f  f r a g 

m en ts  w h ic h  h a ve  a m o le c u la r  w e ig h t  o f  1000 Kd o r  l e s s  

( F a i x  e t  a l . ,  1985; L e i s o l a  e t  a l . ,  1 9 8 3 a ).

M ost w h it e  r o t  f u n g i  a r e  b a s id io m y c e te s  (C r a w fo r d ,  

1 9 8 1 ), and o f  t h e s e ,  P h a n e ro c h a e te  c h ry s o s p o r iu m  ( a l s o  

r e f e r r e d  to  as  S p o ro t r ic h u m  p u lv e r u le n t u m ) h a s  b een  

s t u d ie d  th e  m ost e x t e n s i v e l y .  I n  th e  f o l lo w in g  s e c t i o n s ,  

v a r io u s  a s p e c t s  o f  l i g n i n  d e g r a d a t io n  by t h i s  fu n g u s  w i l l  

be d is c u s s e d  i n  m ore d e t a i l .

1 .3 .1  C u l t u r e  c o n d i t io n s  and  m ic r o b ia l  p h y s io lo g y

The o p t im is a t io n  o f  t h e  c u l t u r e  c o n d i t io n s  f o r  

l i g n i n  d e g r a d a t io n  b y  P . c h r y s o s p o r iu m  has r e v e a le d  t h a t  

l i g n i n  i s  n o t  a g ro w th  s u b s t r a t e  and t h a t  i t s  d e g r a d a t io n  

i s  a s e c o n d a ry  m e t a b o l ic  p r o c e s s  t h a t  r e q u i r e s  th e  

p r e s e n c e  o f  a c o - s u b s t r a t e ,  and  t h a t  i s  o p t im a l  u n d e r  a 

h ig h  oxygen  t e n s io n  and  in  t h e  p re s e n c e  o f  in d u c e r  

m o le c u le s .

L ig n in  a lo n e  i s  n o t  a b le  to  s e r v e  as  th e  s o le  

s o u r c e  o f  c a rb o n  and  e n e r g y ,  and i t s  d e g r a d a t io n  w i l l  

o n ly  o c c u r  in  th e  p re s e n c e  o f  a c o - m e ta b o l iz a b le  

s u b s t r a t e  such  a s  c e l l u l o s e ,  h e m ic e l l u l o s e , o r  g lu c o s e .  

T h is  o b s e r v a t io n  h as  b een  made u s in g  a v a r i e t y  o f  l i g n i n  

p r e p a r a t io n s ,  and  f o r  a num ber o f  d i f f e r e n t  f u n g i  in  

a d d i t i o n  to  P .  c h r y s o s p o r iu m  ( K i r k  e t  a l . ,  1976; K i r k  

and  F e n n , 1982; D rew  and  Kadam , 1 9 7 9 ). I t  h a s  a l s o  been  

d e m o n s tra te d  t h a t  t h e  d e g r a d a t io n  o f  l i g n i n  by 

P . c h ry s o s p o r iu m  w i l l  o n ly  o c c u r  u n d e r  c o n d i t io n s  o f
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n i t r o g e n  (K e y s e r  e t  a l . ,  1978 ; K i r k  e t  a l . ,  1978;

J e f f r i e s  e t  a l . ,  1 9 8 1 ), c a rb o n  o r  s u lp h u r  ( J e f f r i e s  e t  

a l . ,  1981) l i m i t a t i o n  and i s  th u s  a s e c o n d a ry  m e t a b o l ic  

p r o c e s s .  T h is  o b s e r v a t io n  h a s  a l s o  b een  made f o r  a 

num ber o f  o th e r  w h i t e  r o t  f u n g i  (H a ta k k a  e t  a l . ,  1983; 

Le a th a m  and K i r k ,  1983 ; O d ie r  and  R o ch , 1 9 8 3 ). I n  wood 

i t s e l f ,  i t  i s  l i k e l y  t h a t  l i g n i n  d e g r a d a t io n  i s  n a t u r a l l y  

t r i g g e r e d  by th e  d e p le t io n  o f  n i t r o g e n  (C o w lin g  and 

M e r r i l l ,  1 9 6 6 ), and c o n s e q u e n t ly ,  m ost o f  th e  in  v i t r o  

s t u d ie s  o f  l i g n i n  d e g r a d a t io n  h a v e  b een  c a r r i e d  o u t  u n d e r  

c o n d i t io n s  o f  n i t r o g e n  l i m i t a t i o n .  J e f f r i e s  e t  a l .

(1 9 8 1 ) o b s e rv e d  t h a t  c a rb o n  l i m i t a t i o n  le d  to  a u t o l y s i s  

and o n ly  t r a n s i e n t  l i g n i n  d e g r a d a t io n ;  h o w e ve r , i n  r e c e n t  

s t u d i e s ,  c a rb o n  l i m i t a t i o n  h a s  becom e th e  p r e f e r r e d  m ethod 

o f  t r i g g e r i n g  s e c o n d a r y  m e ta b o lis m  b e c a u se  i t  le a d s  t o  th e  

p r o d u c t io n  o f  in c r e a s e d  t i t r e s  o f  l i g n in a s e  (S e e  S e c t io n  

1 .3 . 2 . 1 )  and d e c r e a s e d  l e v e l s  o f  e x t r a c e l l u l a r  p o l y 

s a c c h a r id e  ( F a is o n  and  K i r k ,  1985 ; L e i s o l a  e t  a l . ,

1 9 8 5 a ). S u lp h u r  l i m i t a t i o n  h a s  n o t  b een  w id e ly  u s e d ; 

p r o b a b ly  b e c a u se  i t  i s  n o t  so  e a s y  t o  d e m o n s tra te  t h a t  i t  

h as  b een  d e p le t e d .

The r e l a t i v e  c o n c e n t r a t io n  o f  m o le c u la r  o xygen  has  

a l s o  b een  shown to  h a v e  a p ro fo u n d  e f f e c t  upon th e  

d e g r a d a t io n  o f  l i g n i n .  I n  th e  p re s e n c e  o f  an in c r e a s e d  

c o n c e n t r a t io n  o f  o x y g e n , t h e r e  i s  an  in c r e a s e  in  th e  r a t e  

o f  l i g n i n  d e g r a d a t io n  w h ic h  h a s  b een  e x p la in e d  by th e  

in c r e a s e d  p r o d u c t io n  o f  l i g n i n a s e  (S e e  S e c t io n  1 . 3 . 2 . 1 ) ,  

and a l s o  o f  th o s e  s y s te m s  w h ic h  p ro d u c e  H20 2 (s e e  S e c t io n
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1 . 3 . 2 . 4 )  ( F a is o n  and K i r k ,  1983 ; F a is o n  and K i r k ,  1 9 8 5 ); 

a n d , i n  a d d i t io n ,  t h e r e  i s  a l s o  an  in c r e a s e  in  th e  

r e l a t i v e  e f f i c i e n c y  o f  th e  e x i s t i n g  l i g n i n o l y t i c  s y s te m  

w h ic h  h as  been  e x p la in e d  b y th e  in c r e a s e d  a v a i l a b i l i t y  o f  

o x yg en  f o r  d e g r a d a t iv e  r e a c t i o n s  and a l s o  f o r  H202 p r o 

d u c t io n  ( K i r k  e t  a l .  1 9 8 6 a ).

V e r a t r y l  a l c o h o l  i s  a n a t u r a l  s e c o n d a ry  m e t a b o l i t e  

p ro d u ce d  b y  P . c h r y s o s p o r iu m  (L u n d q u is t  and K i r k ,  1978) 

w h ic h  h as  a ls o  b een  shown to  be p ro d u ce d  by a number o f  

o t h e r  w h i t e  r o t  f u n g i  i n c lu d in g  C o r io iu s  v e r s i c o l o r  

(K a w a i e t  a l . ,  1987) and P h l e b i a  r a d i a t a  and P y c n o p o ru s  

c in n a b a r in u s  (H a ta k k a  1 9 8 6 ). I t  h as  b een  d e m o n s tra te d  

t h a t  th e  p re s e n c e  o f  t h i s  com pound, o r  o f  l i g n i n  i t s e l f ,  

r e s u l t s  i n  an a p p a r e n t  in d u c t io n  o f  th e  c o m p le te  

l i g n i n o l y t i c  s y s te m  in c lu d in g  l i g n i n a s e  (U lm e r  e t  a l - ,  

1984; F a is o n  and  K i r k ,  1985) and  t h i s  h as  le d  to  th e  

p r o p o s a l  t h a t  v e r a t r y l  a l c o h o l  i s  a n a t u r a l  in d u c e r  o f  

th e  l i g n i n o l y t i c  s y s te m  ( L e i s o l a  e t  a l . ,  1 9 8 4 ). I t  h a s  

a l s o  b een  p ro p o se d  t h a t  r a d i c a l  c a t io n s  o f  v e r a t r y l  

a l c o h o l  can  a c t  a s  re d o x  m e d ia to r s  w h ic h  w o u ld  be a b le  to  

i n i t i a t e  a c h a in  r e a c t i o n  o f  a u t o - o x id a t io n  in  l i g n i n  b y  

th e  re m o v a l o f  s i n g l e  e l e c t r o n s  (P a lm e r  e t  a l . ,  1 9 8 7 ).

1 .3 .2  B io c h e m is t r y

In  r e c e n t  y e a r s ,  t h e r e  h a s  been  s i g n i f i c a n t  

p r o g r e s s  in  th e  b io c h e m is t r y  o f  l i g n i n  d e g r a d a t io n ,  and 

c o n s e q u e n t ly ,  i n  t h i s  s e c t i o n ,  d e t a i l s  o f  some o f  t h e s e  

a s p e c t s  w i l l  be d e a l t  w i t h  s e p a r a t e l y .
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1 .3 .2 .1  L ig n in a s e  ( L ig n in  P e r o x id a s e )

I n  1983 , th e  d i s c o v e r y  o f  an  e x t r a c e l l u l a r  H 20 2- 

r e q u i r i n g  enzym e in  th e  c u l t u r e  f i l t r a t e s  o f  P ♦ 

c h r y s o s p o r iu m  t h a t  was a b le  t o  c a r r y  o u t  r e a c t io n s  p r e 

v i o u s l y  o n ly  d e s c r ib e d  f o r  w h o le  c u l t u r e s ,  was 

in d e p e n d e n t ly  r e p o r t e d  b y  tw o  r e s e a r c h  g ro u p s  (G le n n  e t  

a l . ,  1983 ; T ie n  and K i r k ,  1 9 8 3 ). T h is  d i s c o v e r y  was 

e x t r e m e ly  s i g n i f i c a n t  s in c e  n o t  o n ly  was t h i s  enzym e a b le  

to  c a t a l y s e  th e  o x id a t io n  o f  l i g n i n  m odel com pounds, b u t  

m ore im p o r t a n t l y ,  i t  was a b le  t o  p a r t i a l l y  d e p o ly m e r is e  

1^ C - la b e l le d  m e th o x y la te d  l i g n i n s .  The enzym e was 

s u b s e q u e n t ly  r e f e r r e d  t o  a s  " l i g n i n a s e "  and  was shown to  

h a ve  a m o le c u la r  w e ig h t  o f  c .4 2 K d  and  t o  be a g l y c o s y l a t e d  

h a e m p ro te in  c o n t a in in g  one m o le  o f  p ro to h a e m  IX  p e r  m o le  

o f  enzym e ( T ie n  and  K i r k ,  1983 ; T ie n  and  K i r k ,  1984; 

K u w ah ara  e t  a l . ,  1 9 8 4 ). The in c o r p o r a t i o n  o f  1 8o 2 i n t o  

C - a lp h a  - C - b e ta  c le a v a g e  p r o d u c t s  o f  l i g n i n  d im e r m odel 

com pounds le d  t o  th e  i n i t i a l  c o n c lu s io n  t h a t  t h i s  enzym e 

was a u n iq u e  H 20 2- r e q u i r in g  o x y g e n a s e  (G o ld  e t  a l . ,  1984; 

T ie n  and K i r k ,  1 9 8 4 ). H o w e v e r , i t  h as  now g e n e r a l l y  

a c c e p te d  t h a t  th e  co n su m p tio n  o f  o xygen  ca n  be e x p la in e d  

by th e  b in d in g  o f  o xygen  t o  in t e r m e d ia t e  f r e e  r a d i c a l s  

(Y a m a z a k i and  Y o k o ta , 1973 ) o r  b y  t h e  in v o lv e m e n t  i n  an  

oxygen  s h u t t l e  i n  th e  c y c l i n g  b e tw e e n  compound I I I  and  th e  

f e r r o u s  fo rm  o f  th e  enzym e (S m ith  e t  a l . ,  1 9 8 2 ), and t h a t  

a l l  t h e  e x p e r im e n ta l  e v id e n c e  o b ta in e d  so  f a r  i s  c o n 

s i s t e n t  w i t h  t h e  v ie w  t h a t  l i g n i n a s e  i s  i n  f a c t  a 

p e r o x id a s e  (H a r v e y  e t  a l . ,  1985a and b ; Hammel e t  a l . ,

1985 ) .
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A s e r i e s  o f  s p e c t r o s c o p i c  s t u d i e s  h a v e  r e v e a l e d  

t h a t  t h e  h a e m  g r o u p  i n  l i g n i n a s e  i s  s i m i l a r  t o  t h e  

h e x a c o o r d i n a t e  h a e m  i n  h y d r a t e d  m y o g l o b i n ,  a n d  t h a t  i t  i s  

d i s t i n c t  f r o m  t h e  p e n t a c o o r d i n a t e  h a e m  i n  h o r s e r a d i s h  

p e r o x i d a s e  ( A n d e r s s o n  e t  a l . ,  1 9 8 5 ). I t  h a s  a l s o  b e e n  

s h o w n  t h a t  t h e  i r o n  i n  t h e  h a e m  i s  h i g h  s p i n  F e  I I I  

( A n d e r s s o n  e t  a l . ,  1985; K u i l a  e t  a l . ,  1985;

P a s z c z y n s k i  e t  a l . ,  1 9 8 6 ), and  t h a t  th e  f i f t h  l ig a n d  in  

th e  p e n t a c o o r d in a t e  i s  h i s t i d i n e  (A n d e rs s o n  e t  a l . ,  1985; 

K u i l a  e t  a l . ,  1 9 8 5 ). The f o r m a t io n  o f  compounds I  and I I  

has a l s o  b een  d e m o n s tra te d  s p e c t r o s c o p i c a l l y  f o r  l i g n in a s e  

(R e n g a n a th a n  and  G o ld , 1 9 8 6 ), and  i t  was shown t h a t  th e  

c o n v e r s io n  o f  compound I  ( t h e  2 - e le c t r o n  o x id iz e d  fo rm ) to  

compound I I  ( t h e  1 - e le c t r o n  o x id iz e d  fo rm ) r e q u ir e d  th e  

e q u iv a le n t  o f  1 - e le c t r o n ;  f o r  e x a m p le , fro m  a 1 - e le c t r o n  

s u b s t r a t e  su ch  a s  p h e n o l,  o r  fro m  a 0 .5  e q u iv a le n t  o f  a

2 - e le c t r o n  s u b s t r a t e  su ch  a s  v e r a t r y l  a l c o h o l .  T h u s , i t  

h as  b een  c o n c lu d e d  t h a t  l i g n i n a s e  s h a re s  a number o f  

p r o p e r t i e s  w i t h  c l a s s i c a l  p e r o x id a s e s  su ch  as  h o r s e r a d is h  

p e r o x id a s e .  I n  f a c t ,  i n  r e c e n t  s t u d ie s ,  i t  has  been  

d e m o n s tra te d  t h a t  th e  H20 2- o x id iz e d  s t a t e s  o f  l i g n in a s e  

a r e  e v e n  m ore o x id iz in g  th a n  t h e  a n a lo g o u s  s t a t e s  o f  

h o r s e r a d is h  p e r o x id a s e  (Hammel e t  a l . ,  1 9 8 7 ).

D u r in g  th e  o x id a t io n  o f  v e r a t r y l  a l c o h o l  to  

v e r a t r a ld e h y d e  b y  l i g n i n a s e ,  i t  h as  been  d e m o n s tra te d  

t h a t  i n  th e  p re s e n c e  o f  e x c e s s  v e r a t r y l  a l c o h o l ,  t h e r e  i s  

a s t o i c h io m e t r y  o f  one m o le  o f  v e r a t r a ld e h y d e  p ro d u ce d  to  

one m o le  o f  H20 2 consum ed ( T ie n  e t  a l . ,  1 9 8 6 ). The



r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e d  t h a t  H 20 2 f i r s t  r e a c t e d  

w i t h  th e  enzym e, and  th e  o x id iz e d  enzym e th e n  r e a c t e d  

w i t h  th e  v e r a t r y l  a l c o h o l ;  i . e .  th e  o x id a t io n  o f  

v e r a t r y l  a l c o h o l  o c c u r r e d  v i a  a "p in g - p o n g "  m echan ism .

The i n a b i l i t y  t o  d e t e c t  s u b s t r a t e  f r e e  r a d i c a l s  le d  to  

th e  c o n c lu s io n  t h a t  v e r a t r y l  a l c o h o l  was o x id iz e d  by tw o  

r a p id  one e l e c t r o n  o x id a t io n s  w i t h o u t  th e  r e l e a s e  o f  f r e e  

r a d i c a l  c a t i o n s .

I n  S e c t io n  1 .3 .1 ,  i t  w as m e n tio n e d  t h a t  th e  r a d i c a l  

c a t io n s  o f  v e r a t r y l  a l c o h o l  c o u ld  p la y  a k e y  r o l e  in  th e  

d e g r a d a t io n  o f  l i g n i n  in  v i v o . E x p e r im e n t a l l y ,  i t  has 

been  d e m o n s tra te d  t h a t  v e r a t r y l  a l c o h o l  w as a b le  to  

f a c i l i t a t e  th e  in c r e a s e d  o x id a t io n  o f  a n i s y l  s u b s t r a t e s ,  

and a l s o  b e n z o ( a ) p y re n e  b y  l i g n in a s e  (H a r v e y  e t  a l . ,  1986; 

H aem m erli e t  a l . ,  1986b, r e s p e c t i v e l y ) .  H a rv e y  e t  a l .  

(1 9 8 6 ) h a ve  p ro p o se d  t h a t  t h i s  was due t o  t h e  fo rm a t io n  

o f  r a d i c a l  c a t io n s  o f  v e r a t r y l  a l c o h o l  b y  l i g n in a s e  w h ic h  

a r e  a b le  t o  a c t  a s  d i f f u s i b l e  1 - e le c t r o n  o x id a n t s ,  and 

th e n  r e a c t  w i t h  o t h e r  s u b s t r a t e s  re m o te  fro m  th e  enzyme 

a c t i v e  s i t e .  H o w e ve r , K i r k  and  F a r r e l l  (1 9 8 7 ) a rg u e  t h a t  

th e  i n a b i l i t y  o f  T ie n  e t  a l .  (1 9 8 6 ) to  d e t e c t  s u b s t r a t e  

f r e e  r a d i c a l s  means t h a t  i t  i s  m ore l i k e l y  t h a t  v e r a t r y l  

a lc o h o l  i s  e i t h e r  s im p ly  p r o t e c t i n g  th e  enzym e from  

i n a c t i v a t i o n  b y  th e  a n i s y l  s u b s t r a t e s  t h e m s e lv e s ,  o r  t h a t  

i t  i s  a c t in g  a s  an  e l e c t r o n  r e l a y  w h i l s t  a t  th e  enzyme 

a c t i v e  s i t e ,  o r  e ve n  t h a t  i t  m ig h t  be b r in g in g  a b o u t an 

a l t e r a t i o n  o f  th e  enzyme c o n f i g u r a t i o n .
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I n  f a c t  i t  w a s  p r o p o s e d  b y  S c h o e m a k e r  e t  a l .

(1 9 8 5 ) t h a t  th e  o x id a t io n  o f  a l l  s u s c e p t ib l e  compounds by 

l i g n in a s e  was a b le  t o  be e x p la in e d  b y  th e  fo r m a t io n  o f  

c a t i o n  r a d i c a l s ,  and  t h i s  was b a ck e d  up w i t h  th e  e v id e n c e  

t h a t  th e  c h e m ic a l  1 - e le c t r o n  o x id a t io n  b y  i r o n  

p h e n a n t h r o l in e  o r  c e r i c  ammonium n i t r a t e  o f  v e r a t r y l  

a l c o h o l  o r  l i g n i n  m odel d im e r  com pounds g a v e  th e  same 

p ro d u c ts  a s  o x id a t io n  by l i g n i n a s e  (H a r v e y  e t  a l . ,

1 9 8 5 a ). S i m i l a r l y ,  K e r s t e n  e t  a l .  (1 9 8 5 ) and  Hammel e t  

a l . (1985 and  1 9 8 6 a ) ,  h a ve  shown t h a t  l i g n in a s e  w i l l  

o x id iz e  s u s c e p t ib l e  a r o m a t ic  n u c l e i  b y  one  e l e c t r o n ,  th u s  

p ro d u c in g  a c a t i o n  r a d i c a l  w h ic h  ca n  th e n  u n d e rg o  a 

v a r i e t y  o f  n o n - e n z y m a t ic  r e a c t i o n s .

The f a c t o r  w h ic h  d e te r m in e s  w h e th e r  o r  n o t  a g iv e n  

s u b s t r a t e  i s  s u s c e p t ib l e  t o  o x id a t io n  b y  l i g n i n a s e ,  i s  

i t s  o x id a t io n  p o t e n t i a l  (Hammel e t  a l . ,  1 9 8 6 b ), and t h i s  

in  t u r n  i s  i n f lu e n c e d  b y th e  e a s e  w i t h  w h ic h  i t  can  g iv e  

up e l e c t r o n s ;  t h e  t i g h t e r  a compound h o ld s  on to  i t s  

e l e c t r o n s ,  th e  l e s s  s u s c e p t ib l e  i t  i s  to  o x id a t io n  by 

l i g n i n a s e .  C - a lp h a  c a r b o n y l  g ro u p s  a r e  s t r o n g l y  e l e c t r o n  

w ith d r a w in g  and  h e n ce  te n d  t o  i n a c t i v a t e  a r o m a t ic  n u c l e i  

t o  o x id a t io n  b y  l i g n in a s e  ( K i r k  and F a r r e l l ,  1987), 

w h e re a s  th e  p r e s e n c e  and r e l a t i v e  ab u n d an ce  o f  a lk o x y  

g ro u p s , te n d  to  make com pounds i n c r e a s in g l y  more 

s u s c e p t ib l e .  T h u s , s y r i n g y l  l i g n i n  i s  m ore e a s i l y  

o x id iz e d  th a n  g u a i a c y l  l i g n i n ,  and g u a ia c y l  l i g n i n  i s  

more e a s i l y  o x id iz e d  th a n  p - h y d ro x y p h e n y 1 l i g n i n  (s e e  

S e c t io n  1 . 1 ) .
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A f t e r  th e  fo r m a t io n  o f  a c a t i o n  r a d i c a l ,  a number 

o f  d i f f e r e n t  r e a c t io n s  can  f o l l o w  d e p e n d in g  on th e  

r e l a t i v e  p o s i t i o n  and ab u n d an ce  o f  s u b s t i t u e n t  g ro u p s  

( K i r k  e t  a l . ,  1 9 8 6 b ). T h ese  in c lu d e  n u c l e o p h i l i c  a t t a c k  

by w a te r  o r  i n t e r n a l  h y d r o x y l  g ro u p s , o r  th e  lo s s  o f  th e  

a c i d i c  p ro to n  a t  th e  C - a lp h a  p o s i t i o n ,  o r  C - a lp h a  - 

C - b e ta  c le a v a g e .  T h e se  i n i t i a l  r e a c t io n s  a r e  th e n  

f o l lo w e d  b y  a v a r i e t y  o f  s e q u e n t ia l  r e a c t io n s  w h ic h  

a c c o u n ts  f o r  d i v e r s i t y  o f  p ro d u c t s  t h a t  c a n  be fo rm ed  

d u r in g  th e  d e g r a d a t io n  o f  l i g n i n  (H ig u c h i ,  1 9 8 7 ). These  

in c lu d e  th e  a d d i t i o n  o f  m o le c u la r  oxygen  t o  ca rb o n -  

c e n t e r e d  r a d i c a l s ,  one e l e c t r o n  o x id a t io n  o r  r e d u c t io n ,  

and i n  th e  a b se n c e  o f  m o le c u la r  o xyg en  w h ic h  i s  a b le  t o  

s c a v e n g e  r a d i c a l s ,  th e  c o u p l in g  o f  r a d i c a l s  (Hammel e t  

a l . ,  1986a; s e e  K i r k  and F a r r e l l ,  1 9 8 7 ).

The p r o d u c t io n  and c h a r a c t e r i s a t i o n  o f  l i g n in a s e  

fo rm s th e  b a s is  o f  t h i s  t h e s i s  and i s  th u s  d is c u s s e d  in  

d e t a i l  i n  The D is c u s s io n  o f  t h i s  t h e s i s  (s e e  S e c t io n  4 ) .
q  ao sS

H o w e ve r , f o r  th e  s a k e  o f  c o m p le t^ e n , i t  s h o u ld  be s t a t e d  

t h a t  when t h i s  t h e s i s  was commenced i n  1984, th e  p r o 

d u c t io n  o f  l i g n i n a s e  was i n  n i t r o g e n  l im i t e d  n o n - in d u ce d  

s t a t i o n a r y  c u l t u r e s  w h ic h  p ro d u ce d  r e l a t i v e l y  lo w  

a c t i v i t i e s  o f  C .5 U .1  1 b ased  on th e  o x id a t io n  o f  v e r a t r y l  

a l c o h o l  ( T ie n  and  K i r k ,  1 9 8 4 ). S in c e  i t s  i n i t i a l  d i s 

c o v e r y ,  s t r a t e g i e s  f o r  th e  s c a l e  up o f  l i g n in a s e  

p r o d u c t io n  h a ve  b een  a p p ro a c h e d  fro m  a v a r i e t y  o f  

d i f f e r e n t  d i r e c t i o n s .  F o r  e x a m p le , th e  a d d i t i o n  o f  

v e r a t r y l  a lc o h o l  t o  c u l t u r e s  h as  f a c i l i t a t e d  th e
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p r o d u c t io n  o f  y i e l d s  o f  l i g n i n a s e  o f  up to  120U.1  1 in  

n i t r o g e n  l im i t e d  c u l t u r e s  in c u b a te d  i n  l a r g e r  f l a s k s  and 

w i t h  c u l t u r e  a g i t a t i o n  ( L e i s o l a  e t  a l . ,  1 9 8 5 a ). In  th e  

same p u b l i c a t i o n ,  i t  was a l s o  r e p o r t e d  t h a t  c a rb o n  

l i m i t a t i o n  le d  to  a s i g n i f i c a n t  in c r e a s e  i n  th e  p r o d u c t io n  

o f  l i g n in a s e  w i t h  y i e l d s  o f  up t o  670U .1  1 b e in g  p ro d u c e d . 

S i m i l a r l y ,  J a g e r  e t  a l . (1 9 8 5 ) r e p o r t e d  t h a t  i n  th e

p re s e n c e  o f  d e t e r g e n t s  i t  was p o s s ib le  t o  s c a l e  up th e  

p r o d u c t io n  o f  l i g n i n a s e  i n  a g i t a t e d  c u l t u r e s .  In  o t h e r  

r e p o r t s ,  th e  u se  o f  m u ta n t s t r a i n s  o f  P .  c h r y s o s p o r iu m  

h a s  b een  r e p o r t e d .  B u s w e l l  e t  a l .  (1 9 8 4 ) i s o l a t e d  one 

s t r a i n  d e s ig n a te d  IN A - 1 2 , w h ic h  was a b le  t o  p ro d u ce  

l i g n in a s e  a c t i v i t i e s  o f  400U .1  1 when grow n on g l y c e r o l ,  

and K i r k  e t  a l . (1 9 8 6 c ) u se d  a  s t r a i n  d e s ig n a te d  SC-26

w h ic h  was a b le  t o  p ro d u c e  l i g n i n a s e  i n  a r o t a t i n g  d i s c  

f e r m e n to r .  O th e r  r e s e a r c h  g ro u p s  h a ve  a d o p te d  a s i m i l a r  

a p p ro a c h  t o  t h a t  p r e s e n te d  i n  t h i s  t h e s i s .  F o r  e x a m p le , 

P a s z c z y n s k i  e t  a l . (1 9 8 5 ) h a s  im m o b il is e d  P . c h r y s o s p o r iu m

on th e  rou g h en ed , i n t e r i o r  w a l l s  o f  a 201 c a r b o y ,  and 

r e c e n t l y ,  L in k o  e t  a l .  (1 9 8 6 ) h a ve  r e p o r t e d  th e  

im m o b i l i s a t io n  o f  P .  c h r y s o s p o r iu m  in  a g a r  o r  a g a ro s e  

g e l s .  I n  b o th  o f  t h e s e  im m o b i l i s a t io n  t e c h n iq u e s ,  th e  

same f u n g a l  b io m a ss  h as  b een  u sed  f o r  th e  p r o d u c t io n  o f  

s u c c e s s iv e  h a r v e s t s  o f  l i g n i n a s e .

In  a num ber o f  r e p o r t s  on th e  p r o d u c t io n  o f  

l i g n i n a s e ,  i t  h as  a l s o  b een  shown t h e r e  a r e  a num ber o f  

p r o t e in s  w h ic h  e x h ib i t  l i g n i n a s e  a c t i v i t y  ( L e i s o l a  e t  

a l . ,  1985b; L e i s o l a  e t  a l . ,• t 1987; J a g e r  e t  a l . , 1985;
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R e n g a n a th a n  e t  a l . ,  1985; K i r k  e t  a l . ,  1986 c;

P a s z c z y n s k i  e t  a l . ,  1 9 8 6 ). The  v a r i a t i o n  i n  th e  num ber 

o f  is o z y m e s  s e p a r a t e d  and  a co m p a r iso n  o f  t h e i r  p r o 

p e r t i e s  a r e  d is c u s s e d  f u r t h e r  i n  The D is c u s s io n  to  t h i s  

t h e s i s ;  se e  S e c t io n  4.

1 .3 .2 .2  M ang anese  P e r o x id a s e

In  1984, K u w ah ara  e t  a l .  r e p o r t e d  th e  i s o l a t i o n  o f  

an e x t r a c e l l u l a r  p e r o x id a s e  fro m  th e  l i g n i n o l y t i c  c u l t u r e  

f l u i d s  o f  P .  c h r y s o s p o r iu m . T h is  enzym e had  a m o le c u la r  

w e ig h t  o f  46Kd and- c a t a l y s e d  th e  o x id a t io n  o f  p h e n o l r e d ,  

o - d ia n i s id in e  and  p o ly m e r ic  d y e s , i n  th e  p re s e n c e  o f  H20 2 , 

Mn11 and l a c t a t e .  The p re s e n c e  o f  l a c t a t e  was r e p o r t e d  

to  le a d  to  a 3-20 t im e s  s t im u la t i o n  i n  t h e  o x id a t io n  o f  

s u s c e p t ib le  s u b s t r a t e s  (G le n n  and G o ld , 1 9 8 5 ). Huynh and 

C ra w fo rd  (1 9 8 5 ) w e re  a l s o  a b le  to  i s o l a t e  a s im i l a r  

enzym e; h o w e v e r ,  a l th o u g h  th e  enzym e t h e y  i s o l a t e d  had  a 

m o le c u la r  w e ig h t  o f  45-47Kd, and a l s o  r e q u i r e d  H20 2 and 

Mn1 1 , i t  d id  n o t  r e q u i r e  l a c t a t e  and d id  n o t  c a t a l y s e  th e  

o x id a t io n  o f  p h e n o l r e d .  N e i t h e r  o f  t h e s e  enzym es 

c a t a l y s e d  th e  o x id a t io n  o f  v e r a t r y l  a l c o h o l .

D e s p i t e  t h e s e  d i f f e r e n c e s ,  s u b s e q u e n t  p u r i f i c a t i o n  

and c h a r a c t e r i s a t i o n  (G le n n  and  G o ld ,  1985 ; P a s z c z y n s k i  

e t  a l . ,  1985) h a v e  r e v e a le d  t h a t  th e  tw o  enzym es a r e  

e i t h e r  i d e n t i c a l  o r  a r e  tw o  is o z y m e s ; b o th  enzym es 

c o n t a in in g  one m o le  o f  h ig h - s p in  f e r r i c  i r o n  p ro to h aem  IX  

p e r  one m o le  o f  enzym e, and  f u n c t io n in g  b y  th e  o x id a t io n  

o f  Mn11 to  Mn111 w h ic h  th e n  i n  t u r n  i s  a b le  to  o x id iz e



th e  o r g a n ic  s u b s t r a t e .  P a s z c z y n s k i  e t  a l .  (1 9 8 6 ) h a ve  

r e c e n t l y  shown t h a t  th e  Mn p e r o x id a s e  th e y  i s o l a t e d  i s  a 

g l y c o p r o t e in  c o n t a in in g  17% c a r b o h y d r a t e  and a h ig h  

p r o p o r t io n  o f  a c i d i c  am ino  a c i d s .

The i s o l a t i o n  o f  s i m i l a r  enzym es h a s  a l s o  been  

r e p o r t e d  b y  L e i s o l a  e t  a l . (1 9 8 7 a ) who w e re  a b le  to

s e p a r a t e  s ix  Mn p e r o x id a s e s  on th e  b a s is  o f  d i f f e r e n c e s  

i n  t h e i r  i s o e l e c t r i c  p o in t s .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  m anganese 

t r i a c e t a t e  (Mn111 io n s )  w i l l  o x id iz e  l i g n i n  on i t s  own 

w i t h o u t  th e  p r e s e n c e  o f  th e  enzym e. T h is  i s  due to  th e  

g r e a t e r  o x id a t io n  p o t e n t i a l  o f  th e  Mn^^^ io n s  com pared  to  

t h a t  o f  th e  enzym e.

1 .3 .2 .3  P h e n o l O x id a s e s

T h is  g ro u p  o f  enzym es in c lu d e s  la c c a s e  and was 

shown to  p la y  an  im p o r ta n t  r o l e  in  l i g n i n  d e g r a d a t io n  by 

A n d e r and E r ik s s o n  (1 9 7 6 ) who d e m o n s tra te d  t h a t  a p h e n o l 

o x id a s e - le s s  m u ta n t  o f  S p o ro t r ic h u m  p u lv e ru le n tu m  (= P . 

c h r y s o s p o r iu m ; B u r d s a l l  and  E s l y n ,  1974; R a e d e r  and 

B r o d a , 1984) was u n a b le  t o  d e g ra d e  l i g n i n ,  w h e re a s  th e  

w i ld  t y p e  s t r a i n  and  a r e v e r t a n t  s t r a i n  o f  th e  p h e n o l 

o x id a s e - le s s  m u ta n t  w e re  b o th  a b le  to  d e g ra d e  th e  l i g n i n .  

L a c c a s e  i s  p ro d u ce d  by m ost w h i t e  r o t  fu n g i  and i s  a b lu e  

co p p e r  o x id a s e  t h a t  c a t a l y s e s  th e  1 - e le c t r o n  o x id a t io n  o f  

p h e n o ls  to  p h en o x y  r a d i c a l s ,  a cco m p a n ie d  b y  th e  t r a n s f e r  

o f  f o u r  e l e c t r o n s  t o  oxygen  (R e inham m er 1 9 8 4 ). The 

1 - e le c t r o n  o x id a t io n  o f  l i g n i n  r e l a t e d  p h e n o ls  le a d s  to
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C - a lp h a  o x id a t io n ,  l im i t e d  d e m e th o x y la t io n  and a r y l  - 

C - a lp h a  c le a v a g e  ( K i r k  and S h im a d a , 1 9 8 5 ). I t  h as  a l s o  

been  shown t h a t  some d e g r a d a t i v e  r e a c t io n s  can  o c c u r  w i t h  

v a r io u s  p h e n o l ic  l i g n i n  m odel com pounds, e s p e c i a l l y  w i t h  

s y r i n g y l  compounds ( K i r k  and  S h im a d a , 1985; H ig u c h i , 

1 9 8 7 ). The m ost s i g n i f i c a n t  a c t i v i t y  o f  la c c a s e  

o x id a t io n ,  h o w e v e r , i s  th e  c o u p l in g / p o ly m e r is a t io n  o f  

l i g n i n  r e l a t e d  p h e n o ls  and  i s o l a t e d  l i g n i n s  (L o b a r z e w s k i 

e t  a l . ,  1982; Kam aya and  H ig u c h i ,  1 9 8 3 ).

A n d e r and E r ik s s o n  (1976 and 1978) h a ve  s u g g e s te d  

t h a t  th e  r o l e  o f  p h e n o l o x id a s e s  in  v i v o  was t o  e i t h e r  

d e t o x i f y  lo w  m o le c u la r  w e ig h t  p h e n o ls  t h a t  a r e  r e le a s e d  

d u r in g  l i g n i n  d e g r a d a t io n ;  t o  t r i g g e r  l i g n i n  d e g r a d a t io n  

by some unknown r e a c t i o n ;  t o  r e g u la t e  th e  p r o d u c t io n  o f  

l i g n i n -  and p o ly s a c c h a r id e - d e g r a d in g  enzym es; o r  t o  a c t  

i n  c o n c e r t  w i t h  c e l l o b io s e :q u in o n e  o x id o r e d u c ta s e  

(W e s te rm a rk  and  E r i k s s o n ,  1974 ) t o  r e g u la t e  th e  

d e g r a d a t io n  o f  l i g n i n .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  u n l i k e  th e  m a j o r i t y  

o f  w h i t e  r o t  f u n g i ,  P . c h r y s o s p o r iu m  d oes n o t  p ro d u c e  

l a c c a s e ;  h o w e v e r , i s o l a t e d  l i g n i n a s e  w i l l  a l s o  le a d  to  

th e  p o ly m e r is a t io n  o f  p h e n o ls  and  i s o l a t e d  l i g n i n s  

(H a e m m e r li e t  a l . ,  1 9 8 6 a ) .  I n  an  a t te m p t  t o  e l u c i d a t e  

th e  m echan ism  w h e re b y  l i g n i n a s e  d oes  n o t  le a d  to  th e  

p o ly m e r is a t io n  o f  v e r a t r y l  a l c o h o l  in  v i v o , L e i s o l a  e t  

a l . ,  ( 1987b )  h a v e  s u g g e s te d  a p a th w a y  in v o l v in g  

o x id a t io n s  by p e r o x id a s e s ,  r e d u c t io n s  and r e a c t i o n s  w i t h  

a c t i v a t e d  o xygen  s p e c i e s ,  i n  w h ic h  v e r a t r y l  a l c o h o l  i s



o x id iz e d  t o  r a d i c a l  c a t i o n s  by l i g n i n a s e ,  o f  w h ich  c . 8 5%  

a r e  th e n  f u r t h e r  o x id iz e d  t o  v e r a t r a ld e h y d e ,  and c . 1 5 %  

a r e  th e n  o x id iz e d  t o  q u in o n e s  o r  l a c t o n e s ,  and th e n  o f  

th e s e  p r o d u c t s ,  th e  v e r a t r a ld e h y d e  i s  re d u c e d  b ack  to  

v e r a t r y l  a l c o h o l  by an  a r y l  a lc o h o l/ N A D P - o x id o r e d u c ta s e , 

and th e  q u in o n e s  and  la c t o n e s  a r e  th e n  m e ta b o liz e d  to  

c a rb o n  d io x id e .

I n  c o n t r a s t  t o  t h i s  m o d e l ,  h o w e v e r ,  P a l m e r  

( P e r s o n a l  c o m m u n i c a t i o n )  h a s  s u g g e s t e d  t h a t  i n  v i v o , 

r a d i c a l  c a t i o n s  o f  v e r a t r y l  a l c o h o l  p r o b a b l y  i n t e r a c t  

d i r e c t l y  w i t h  t h e  l i g n i n ,  t h u s  r e s u l t i n g  i n  t h e  

s i m u l t a n e o u s  f o r m a t i o n  o f  r a d i c a l  c a t i o n s  o f  t h e  l i g n i n ,  

a n d  a l s o  t h e  r e t u r n  o f  t h e  r a d i c a l  c a t i o n s  o f  v e r a t r y l  

a l c o h o l  b a c k  t o  t h e i r  g r o u n d  s t a t e ,  w i t h o u t  v e r a t r a l d e h y d e  

e v e r  b e i n g  f o r m e d .

1 . 3 . 2 . 4  P r o d u c t io n  o f  H 20 2

The o r i g i n  o f  H 20 2 p r o d u c t io n  i n  l i g n i n o l y t i c  

c u l t u r e s  o f  P .  c h r y s o s p o r iu m  h as  r e c e i v e d  p a r t i c u l a r  

a t t e n t i o n  i n  r e c e n t  y e a r s .  F o r  e x a m p le , F o rn e y  e t  a l .  

(1982a and  b)  d e m o n s tra te d  t h a t  in  th e  p re s e n c e  o f  added  

g lu c o s e ,  l i g n i n o l y t i c  c u l t u r e s  p ro d u ce d  R20ir and t h a t  

th e  l i k e l y  o r i g i n  f o r  th e  p r o d u c t io n  o f  t h i s  H , 0 2 was 

p e r o x is o m e - l ik e  s t r u c t u r e s  lo c a t e d  j u s t  b e n e a th  th e  

h y p h a l c e l l  w a l l s .  G lu c o s e  o x id a s e  a c t i v i t y  in  

l i g n i n o l y t i c  m y c e l ia  (R e d d y  e t  a l . ,  1983)  was s u b s e q u e n t ly  

d e m o n s tra te d  to  be g lu c o s e - l- o x id a s e  (K e l l e y a n d  R e d d y , 

1 9 8 6 a ) ,  and i t  was shown t h a t  m u ta n ts  l a c k in g  t h i s  enzym e
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w ere  u n a b le  to  d e g ra d e  14-C l a b e l l e d  l i g n i n  to  C 0 2, 

w h e re a s  th e  w i ld  t y p e  s t r a i n  and  a r e v e r t a n t  s t r a i n  w e re  

b o th  l i g n i n o l y t i c . In  a d d i t i o n ,  i t  was a l s o  o b s e rv e d  t h a t  

when P .  c h r y s o s p o r iu m  was g ro w n  on a ra n g e  o f  s u g a r s ,  

g lu c o s e  o x id a s e  a c t i v i t y  w as o n ly  fo u n d  i n  th o s e  c u l t u r e s  

t h a t  w e re  l i g n i n o l y t i c  ( K e l l e y a n d  R e d d y , 1986b;  R ed d y  and 

K e l l e y  1 98 6 ) .  From  th e s e  r e s u l t s ,  K e l le V a n d  Reddy c o n 

c lu d e d  t h a t  g lu c o s e  o x id a s e  w as th e  p r im a r y  s o u rc e  f o r  H , 0 2 

p r o d u c t io n  in  l i g n i n o l y t i c  c u l t u r e s  o f  P .  c h r y s o s p o r iu m .

H o w e ve r , o t h e r  p o t e n t i a l  s o u rc e s  f o r  th e  p r o d u c t io n  

o f  H 20 2 h a ve  a l s o  b een  d e m o n s t r a te d .  F o r  ex am p le ,

E r ik s s o n  e t  a l . (1986 )  h a v e  p u r i f i e d  an  i n t r a c e l l u l a r

g lu c o s e - 2 - o x id a s e ,  and G re e n e  and G o u ld  (1984 )  c o n c lu d e d  

t h a t  t h e  p r o d u c t io n  o f  H 20 2 t h a t  t h e y  o b s e rv e d  b y  w ashed  

s t a r v e d  m y c e l ia  was due to  f a t t y  a c y l  CoA o x id a s e .  I n  

a d d i t i o n ,  th e  Mn p e r o x id a s e  d e s c r ib e d  in  S e c t io n  1 . 3 . 2 . 2 ,  

has  a l s o  been  shown to  o x id iz e  a ra n g e  o f  s u b s t r a t e s  

c o u p le d  to  th e  r e d u c t io n  o f  0 2 to  H 20 2 ( P a s z c z y n s k i  e t  

a l . ,  1 9 8 5 ) ;  and m ore r e c e n t l y ,  K e r s t e n  and  K i r k  ( 1987 )  

h a ve  d e m o n s tra te d  t h e  p r e s e n c e  o f  an  e x t r a c e l l u l a r  g ly o x a l  

o x id a s e  w h ic h  i s  a b le  t o  o x id iz e  a ra n g e  o f  a lp h a - h y d ro x y  

c a r b o n y l-  and d ic a r b o n y l  com pounds a l s o  c o u p le d  to  th e  

r e d u c t io n  o f  0 2 to  H 20 2. H ence  from  th e  r e s u l t s  o f  a 

num ber o f  r e s e a r c h  g ro u p s ,  i t  seems l i k e l y  t h a t  H20 2 ca n  

be p ro d u c e d  fro m  a v a r i e t y  o f  d i f f e r e n t  s o u r c e s .
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1 . 3 . 2 . 5  O th e r  enzym es

T h e  s t u d y  o f  p a r t i a l l y  d e g r a d e d  l i g n i n  b y  1 3 C - n m r  

s p e c t r o s c o p y  h a s  r e v e a l e d  t h a t  d u r i n g  t h e  d e g r a d a t i o n  o f  

l i g n i n ,  t h e r e  i s  a  d e c r e a s e  i n  t h e  n u m b e r  o f  m e t h o x y l - ,  

p h e n o l i c -  a n d  a l i p h a t i c  h y d r o x y l  g r o u p s ,  a c c o m p a n i e d  b y  

t h e  c l e a v a g e  o f  a r o m a t i c  n u c l e i  w i t h  t h e  r e s u l t a n t  

f o r m a t i o n  o f  a l i p h a t i c  c a r b o x y l - c o n t a i n i n g  r e s i d u e s ,  a n d  

a l s o  t h e  f o r m a t i o n  o f  n e w  C - a l p h a  c a r b o n y l  a n d  c a r b o x y l  

g r o u p s ,  a n d  o f  a l k o x y a c e t i c  a c i d ,  p h e n o x y a c e t i c  a c i d  a n d  

p h e n o x y e t h a n o l  s t r u c t u r e s  ( S e e  C h e n  a n d  C h a n g ,  19 85 ) .  I n  

a d d i t i o n ,  i t  h a s  a l s o  b e e n  r e p o r t e d  t h a t  t h e r e  i s  a  

s i g n i f i c a n t  i n c r e a s e  i n  t h e  c o n t e n t  o f  a l i p h a t i c  h y d r o 

c a r b o n  s t r u c t u r e s  ( H a i d e r  a n d  T r o j a n o w s k i ,  1975; C h u a  e t  

a l . ,  1982;  C h e n  a n d  C h a n g ,  1 9 8 5 ) .

A lth o u g h  i t  i s  now p o s s ib le  t o  a t t r i b u t e  many o f  

th e s e  o b s e r v a t io n s  t o  l i g n i n a s e ,  i t  a l s o  i n d i c a t e s  t h a t  

t h e r e  a r e  a num ber o f  o t h e r  enzym es w h ic h  p la y  a r o l e  i n  

th e  d e g r a d a t io n  o f  l i g n i n  w h ic h  h a ve  y e t  t o  be i s o l a t e d .  

F o r  e x a m p le , s in c e  th e  f o r m a t io n  o f  a r o m a t ic  c a r b o x y l  

g ro u p s  has  n o t  b een  o b s e rv e d  i n  an y  o f  th e  s t u d ie s  w i t h  

l i g n in a s e  and l i g n i n  m odel com pounds, i t  may mean t h a t  

t h e r e  i s  an u n d is c o v e r e d  a r o m a t ic  a ld e h y d e  o x id a s e ;  and 

s i m i l a r l y ,  t h e r e  may a l s o  be u n d is c o v e r e d  enzym es 

in v o lv e d  i n  th e  p r o d u c t io n  o f  th e  a l k o x y a c e t i c  a c id ,  

p h e n o x y a c e t ic  a c id  and p h e n o x y e th a n o l s t r u c t u r e s .  K i r k  

and F a r r e l l  ( 1987 )  s u g g e s t  t h a t  th e  a l i p h a t i c  h y d ro 

c a rb o n s  a r e  p r o b a b ly  d e r i v e d  fro m  c o v a l e n t l y  bound 

l i p i d s ,  and a r e  th u s  n o t  fo rm e d  d i r e c t l y  from  th e  l i g n i n
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i t s e l f .  I t  i s  n o t  known a t  p r e s e n t  w h e th e r  l i g n in a s e  i s  

a b le  t o  a c c o u n t  f o r  th e  d e c r e a s e d  m e th o x y l c o n te n t  o f  

l i g n i n  (A n d e r  and  E r ik s s o n ,  1975 ; Chen and C hang , 19 85 ) ,  

n o r  i s  i t  known how brow n r o t  f u n g i  a r e  a b le  to  

d e m e th y la te  m e th o x y l g ro u p s  i n  l i g n i n  ( K i r k  and A d le r ,  

1970 ) .

In  a d d i t i o n ,  t h e r e  may a l s o  be a number o f  enzym es 

in v o lv e d  i n  th e  r e g u la t o r y  m echan ism  b y  w h ic h  l i g n in a s e  

and p h e n o l- o x id iz in g  enzym es do n o t  le a d  t o  th e  

p o ly m e r iz a t io n  o f  l i g n i n  o r  p h e n o l i c  p ro d u c ts  o f  l i g n i n  

in  v i v o  (R e id  e t  a l . ,  1982; Chua e t  a l . ,  1983; F a ix  e t  

a l . ,  1985; s e e  a l s o  H aem m e rli e t  a l . ,  1986a and S e c t io n  

1 . 3 . 2 . 3 )  .

1 . 3 . 2 . 6  A c t i v a t e d  o x yg en  s p e c ie s

B e f o r e  th e  d i s c o v e r y  o f  l i g n i n a s e ,  i t  was w id e l y  

b e l i e v e d  t h a t  t h e  o x id a t i v e  d e g r a d a t io n  o f  l i g n i n  was 

l a r g e l y  due t o  t h e  d i r e c t  a c t i o n  o f  a c t i v a t e d  s p e c ie s  o f  

o x y g e n . The l a t t e r  in c lu d e s  h y d ro g e n  p e r o x id e ;  

s u p e ro x id e  r a d i c a l  ( 0 2* ) ,  h y d r o x y l  r a d i c a l  ( ‘ OH) ,  and  

s i n g l e t  oxygen  ( x0 ) ; and o f  t h e s e ,  o n ly  s i n g l e t  o x yg en  

and h y d r o x y l  r a d i c a l s  a r e  s u f f i c i e n t l y  r e a c t i v e  p e r  se  to  

be c o n s id e r e d  a s  p o t e n t i a l  o x id a n t s  o f  l i g n i n .  S u b s e q u e n t  

i n v e s t i g a t i o n s ,  h o w e v e r ,  w e re  a b le  t o  c l e a r l y  d is c o u n t  

e i t h e r  o f  th e s e  s p e c ie s  from  a d i r e c t  in v o lv e m e n t  i n  

l i g n i n  d e g r a d a t io n  ( K i r k  e t  a l . ,  1983;  K i r k  e t  a l . ,

1985 ) .
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1 . 3 . 3  G e n e t ic s  and  M o le c u la r  b io lo g y

A c l e a r  u n d e r s ta n d in g  o f  th e  g e n e t i c s  o f  l i g n i n  

d e g ra d in g  m ic ro o rg a n is m s  w i l l  n o t  o n ly  p r o v id e  u s e f u l  

in f o r m a t io n  a b o u t  th e  m echan ism s b y w h ic h  p r im a r y  and 

s e c o n d a ry  m e ta b o lis m  a r e  c o n t r o l l e d ,  b u t  w i l l  a l s o  

f a c i l i t a t e  s t r a i n  im p ro ve m e n t and  e v e n t u a l l y ,  th e  c lo n in g  

o f  r e c o m b in a n t  l i g n i n o l y t i c  en zym es.

As in  o t h e r  a r e a s  o f  l i g n i n  d e g r a d a t io n ,  P . 

c h r y s o s p o r iu m  h a s  been  th e  m ost e x t e n s i v e l y  s t u d ie d  

l i g n i n o l y t i c  m ic ro o rg a n is m , i t s  a b i l i t y  t o  p ro d u ce  

a b u n d a n t q u a n t i t i e s  o f  c o n id ia  b e in g  p a r t i c u l a r l y  

a d v a n ta g e o u s  f o r  t h e  p r o d u c t io n  o f  m u ta n t s t r a i n s .  When 

G o ld  and  Cheng ( 1979 )  w o rked  o u t  th e  p h y s io lo g i c a l  

c o n d i t io n s  r e q u i r e d  f o r  f r u i t i n g  body f o r m a t io n ,  t h e y  

fo u n d  t h a t  f r u i t i n g  was c o n t r o l l e d  by g lu c o s e  and  n i t r o g e n  

m e t a b o l i t e  r e p r e s s io n ,  and t h a t  a d e n o s in e - 3 ',  5 ' - c y c l i c  

m onophosphate  w as a b le  to  r e v e r s e  th e  e f f e c t s  o f  g lu c o s e  

r e p r e s s io n .

In  an a t te m p t  t o  im p ro v e  s e l e c t i v e  l i g n i n  

d e g r a d a t io n ,  E r ik s s o n  e t  a l . ( 1983 )  i s o l a t e d  m u ta n ts  t h a t

w e re  u n a b le  t o  p ro d u c e  c e l l u l a s e ,  and  th e n  u sed  t h e s e  to  

d e g ra d e  th e  l i g n i n  i n  wood ( Jo h n s r u d  and  E r ik s s o n  1985)  

and s y n t h e t i c  l i g n i n s  (M c C a r th y  e t  a l . ,  1984 ) .  H o w e ve r , a 

c o m p a r is o n  o f  s e v e r a l  s t r a i n s ,  r e v e a le d  t h a t  t h e r e  w as no 

c o r r e l a t i o n  b e tw e e n  l i g n i n  d e g r a d a t io n  and  l i g n in a s e  

p r o d u c t io n  ( K i r k  e t  a l . ,  1 9 8 6 a ) ,  th u s  e m p h a s iz in g  t h a t  

t h e r e  a r e  s t i l l  fu n d a m e n ta l p ro b le m s  t h a t  r e q u i r e  t o  be

r e s o l v e d .
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From  t h i s  o b s e r v a t io n ,  i t  i s  a l s o  e v id e n t  t h a t  i t  i s  

n e c e s s a r y  to  c o n s id e r  a l l  t h e  a c t i v i t e s  in v o lv e d  i n  th e  

d e g r a d a t io n  o f  l i g n i n  b e fo r e  u s in g  r e c o m b in a n t  DNA 

te c h n o lo g y  to  f a c i l i t a t e  th e  s c a l e  up o f  th e  p r o d u c t io n  o f  

l i g n i n o l y t i c  en zym es . As a f i r s t  s t e p ,  h o w e v e r , a num ber 

o f  l a b o r a t o r i e s  h a ve  b een  e x t e n s i v e l y  c o n c e rn e d  w i t h  th e  

c lo n in g  o f  l i g n i n a s e ,  and  i t  h as  r e c e n t l y  been  r e p o r t e d  

t h a t  one o f  th e  is o z y m e s  o f  l i g n in a s e  h a s  been  s u c c e s s 

f u l l y  c lo n e d  (M a io n e  e t  a l . ,  1 9 8 7 ) .  The re c o m b in a n t  

l i g n in a s e  e x h ib i t s  th e  same a c t i v i t y  w i t h  tw o  l i g n i n  m odel 

com pounds as  th e  e q u i v a le n t  n a t i v e  is o z y m e , and w i t h  K r a f t  

l i g n i n  and  m i l l e d  wood l i g n i n ,  th e  r e c o m b in a n t  l i g n in a s e  

e x h ib i t s  s u b s t r a te - d e p e n d e n t  p e r o x id e  u p ta k e ,  a s  w e l l  a s  

p ro b a b le  C - a lp h a  o x id a t io n  and  d e m e th o x y la t io n  as  

i n d i c a t e d  by i o n iz a t i o n  d i f f e r e n c e  s p e c t r o s c o p y .

1.4 Aims of this thesis
As m e n tio n e d  i n  S e c t io n  1 . 3 . 2 . 1 ,  when t h i s  t h e s i s  

was commenced in  1984,  th e  p r o d u c t io n  o f  l i g n in a s e  was 

o n ly  p o s s ib le  i n  r e l a t i v e l y  lo w  q u a n t i t i e s .  T h is  m ean t 

t h a t  i t  was n e c e s s a r y  to  d e d ic a t e  a l o t  o f  t im e  to  

p ro d u c in g  l i g n i n a s e ,  and a l s o ,  t h a t  i t  was s t i l l  o n ly  

p o s s ib le  to  p ro d u c e  i t  i n  r e l a t i v e l y  lo w  q u a n t i t i e s  f o r  

th e  c h a r a c t e r i s a t i o n  o f  i t s  p r o p e r t i e s .  H en ce , th e  m ain  

a im  o f  t h i s  t h e s i s  was t o  d e v e lo p  an  im p ro v e d  m ethod  o f  

l i g n i n a s e  p r o d u c t io n  t h a t  w o u ld  n o t  o n ly  le a d  to  th e  

p r o d u c t io n  o f  g r e a t e r  y i e l d s  o f  l i g n i n a s e ,  b u t  t h a t  w o u ld  

a l s o  be l e s s  t e d io u s  and t im e  co n su m in g  th a n  th e  e x i s t i n g  

m ethod  o f  l i g n in a s e  p r o d u c t io n .  I n  a d d i t i o n ,  u s in g  th e
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"new " m ethod o f  l i g n in a s e  p r o d u c t io n ,  i t  was a l s o  p la n n e d  

to  p u r i f y  th e  iso z y m e s  o f  l i g n in a s e  p ro d u ce d  and th e n  to  

com pare them  by a p a r t i a l  c h a r a c t e r i z a t i o n  o f  t h e i r  

p r o p e r t i e s .
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2. M A T E R I A L S  A N D  M E T H O D S

2 .1  G ro w th  and  m a in te n a n c e  o f  P h a n e ro c h a e te  c h r y s o s p o r iu m  
on s o l i d  m ed ia

2 . 1 . 1  R e a c t i v a t i o n  o f  a l y o p h i l i s e d  s t o c k  c u l t u r e  o f  
P .  c h r y s o s p o r iu m

A s to c k  c u l t u r e  o f  P .  c h r y s o s p o r iu m  s t r a i n  ATCC 

24725 ( a l s o  r e f e r r e d  to  a s  P .  c h r y s o s p o r iu m  s t r a i n  

BKM -F-1767) was o b ta in e d  fro m  The A m e r ic a n  Type  C u l t u r e  

C o l l e c t i o n ,  R o c k v i l l e ,  M a r y la n d ,  U . S . A .  T h is  was s u p p l ie d  

as  a l y o p h i l i s e d  pow der c o n t a in e d  w i t h in  a d o u b le  v i a l  

s y s te m . The l a t t e r  c o n s i s t  o f  an  in n e r  v i a l  w h ic h  h o ld s  

th e  l y o p h i l i s e d  fu n g u s  and  a h e r m e t i c a l l y  s e a le d  o u t e r  

v i a l  w h ic h  m a in t a in s  s t e r i l i t y  i n  th e  p re s e n c e  o f  a 

d e s s i c a n t .  In  o r d e r  to  r e a c t i v a t e  l y o p h i l i s e d  fu n g i  

s u p p l ie d  i n  t h i s  m an n er, t h e  o u te r  v i a l ,  w h ic h  i s  made o f  

s o f t  g l a s s ,  i s  opened  by f i r s t  g e n t l y  h e a t in g  a ro u n d  th e  

n e ck  to  f a c i l i t a t e  b r e a k in g  th e  g l a s s .  A p p r o x im a te ly  3ml 

o f  s t e r i l e  d i s t i l l e d  w a te r  a r e  th e n  a s e p t i c a l l y  added  to  

th e  l y o p h i l i s e d  m a t e r i a l  and  th e  r e s u l t a n t  s u s p e n s io n  i s  

th e n  a l lo w e d  to  so ak  f o r  a t  l e a s t  30 m in u te s  b e fo r e  b e in g  

t r a n s f e r r e d  to  an  a p p r o p r ia t e  a g a r  s u r f a c e .

A f t e r  th e  r e s u s p e n s io n  o f  P . c h r y s o s p o r iu m , a 

s in g l e  lo o p f u l  o f  t h e  f u n g a l  s u s p e n s io n  was a s e p t i c a l l y  

t r a n s f e r r e d  o n to  s lo p e s  o f  3 .9% P o t a t o  D e x t ro s e  a g a r  

( D i f c o )  w h ic h  w e re  th e n  in c u b a te d  a t  24 ° C  f o r  one w e e k .
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2 . 1 . 2  G e n e ra l  m a in te n a n c e  and  s e r i a l  s u b - c u l t u r in g

A f t e r  r e a c t i v a t i o n  o f  th e  l y o p h i l i s e d  s to c k

c u l t u r e  o f  P .  c h r y s o s p o r iu m , th e  fu n g u s  w as r o u t i n e l y  

m a in ta in e d  a t  30 °C  i n  300ml m e d ic a l  f l a t  b o t t l e s  c o n 

t a i n i n g  50ml o f  2 .0%  M a lt  a g a r  (O x o id )  and  2.0% B a c to  

a g a r  ( O x o i d ) .  The fu n g u s  w as th e n  s e r i a l l y  s u b - c u lt u r e d  

e v e r y  10-14 d a y s  by th e  a s e p t i c  t r a n s f e r  o f  a lo o p f u l  o f  

f  u n g a 1 g r o w th .

2 . 1 . 3  P r e p a r a t io n  o f  s p o re  s u s p e n s io n s  f o r  i n o c u l a t i o n
o f  l i q u i d  c u l t u r e s

L iq u id  c u l t u r e s  o f  P .  c h r y s o s p o r iu m  w e re  in o c u la t e d  

w i t h  s p o re s  w ashed  fro m  14 d a y  o ld  s u b - c u lt u r e s  o f  th e  

fu n g u s  ( s e e  S e c t io n  2 . 1 . 2 ) .  The s p o re  s u s p e n s io n  was 

o b ta in e d  b y  th e  a d d i t i o n  o f  a p p r o x im a te ly  10ml o f  s t e r i l e  

d i s t i l l e d  w a te r  to  e a ch  m e d ic a l  f l a t  b o t t l e .  The e n t i r e  

fu n g a l  g ro w th  was th e n  s c r a p e d  o f f  t h e  s u r f a c e  u s in g  a 

s t e r i l e  r o d ,  and th e  r e s u l t a n t  s u s p e n s io n  f i l t e r e d  th ro u g h  

t h r e e  l a y e r s  o f  s t e r i l e  m u s l in  to  rem ove fra g m e n ts  o f  

m y c e l i a .

To m a in t a in  a c o n t r o l l e d  in o c u lu m  s i z e ,  th e  d e n s i t y  

o f  th e  sp o re  s u s p e n s io n  w as d e te rm in e d  u s in g  a 

h a e m o cy to m e te r  and th e  s p o re s  d i l u t e d  a c c o r d in g l y  p r i o r  to  

i n o c u l a t i o n .  A s t a n d a r d  in o c u lu m  s iz e  w as used  th ro u g h o u t  

such  t h a t  th e  c o n c e n t r a t io n  o f  s p o re s  im m e d ia t e ! y a f t e r • 

i n o c u l a t i o n  was 2 .5  x 1 0 5 s p o re s  p e r  m l.



2 .2  L ig n in a s e  p r o d u c t io n  u s in g  s t a t i o n a r y  subm erged  
c u l t u r e s  o f  P . c h r y s o s p o r iu m

2 . 2 . 1  In t r o d u c t io n

In  th e  e a r l y  r e p o r t s  on th e  p r o d u c t io n  and 

p r o p e r t i e s  o f  l i g n in a s e ,  P .  c h r y s o s p o r iu m  was in c u b a te d  in  

lo w  vo lu m e  n o n - in d u ce d  s t a t i o n a r y  subm erged  c u l t u r e s  (T ie n  

and K i r k ,  1983 and G le n n  e t  a l . ,  19 83 ) .  I n  t h i s  s e c t i o n ,  

m ethods f o r  th e  in d u c t io n  o f  l i g n in a s e  a c t i v i t y  a r e  

d e s c r ib e d  u s in g  e i t h e r  5 - h y d ro x y  m e th y l f u r f u r a l ,  a com

pound fo rm ed  d u r in g  th e  a u t o c l a v in g  o f  g lu c o s e ,  o r  

o r g a n o s o lv  l i g n i n .  I n  a d d i t i o n ,  a s  a f i r s t  s te p  to w a rd s  

u s in g  th e  same f u n g a l  b io m a ss  f o r  m ore th a n  one h a r v e s t  o f  

l i g n i n a s e ,  a l t e r n a t i v e  m etho d s  f o r  th e  p r o d u c t io n  o f  

l i g n in a s e  a r e  d e s c r ib e d  i n  w h ic h  c u l t u r e s  o f  P . 

c h r y s o s p o r iu m  a r e  im m o b i l is e d  in  e i t h e r  a g a r  o r  

p o ly u r e th a n e  foam .

2 . 2 . 2  M easu rem en t o f  l i g n i n a s e  a c t i v i t y

The l e v e l  o f  l i g n i n a s e  a c t i v i t y  i n  th e  e x t r a 

c e l l u l a r  c u l t u r e  f l u i d  o f  s t a t i o n a r y  c u l t u r e s  o f  P . 

c h r y s o s p o r iu m  was m easu red  a s  d e s c r ib e d  b y T ie n  and  K i r k  

( 1 9 8 4 ) .  I n  t h i s  a s s a y ,  t h e  c o n v e r s io n  o f  v e r a t r y l  a l c o h o l  

to  v e r a t r a ld e h y d e  i s  m o n ito re d  s p e c t r o p h o t o m e t r i c a l l y  a t  

310nm. E a ch  a s s a y  c o n t a in e d  0 .7 m l o f  t h e  e x t r a c e l l u l a r  

c u l t u r e  f l u i d ,  20mM p o ta s s iu m  p h o sp h a te  b u f f e r  pH 2 . 7 5 ,

0 . 8mM v e r a t r y l  a l c o h o l  ( A l d r i c h )  and 0.21mM h yd ro g e n  

p e r o x id e  i n  a t o t a l  vo lu m e  o f  1 . 0 m l ,  and was p e r fo rm e d  a t  

room te m p e ra tu r e  i n  a P e r k in  E lm e r  PE-555  s p e c t r o 

p h o to m e te r .  The i n i t i a l  r a t e s  o f  r e a c t i o n  w ere  m easu red

55
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f o r  a l l  a s s a y s  o f  v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y ,  u s in g  

an  e x t i n c t i o n  c o e f f i c i e n t  f o r  v e r a t r y l  a l c o h o l  o f  

9 . 3mmol 1c m - l. One u n i t  was d e f in e d  as  t h a t  am ount o f  

enzym e r e q u ir e d  to  p ro d u ce  1 p m o le  o f  v e r a t r a ld e h y d e  from  

v e r a t r y l  a l c o h o l  p e r  m in u te .

It was found that for stationary cultures, it was 
necessary to decant the entire culture supernatant of 
flasks to obtain an accurate determination of ligninase 
activity. Three replicates were set up for each measure
ment of activity.

2 .2 .3  Im m o b i l i s a t io n  o f  P .  c h r y s o s p o r iu m  in  a g a r

I n  S e c t io n  2 .2 .1 ,  i t  w as d e s c r ib e d  t h a t  i n  th e  

e a r l y  r e p o r t s  on th e  p r o d u c t io n  and p r o p e r t i e s  o f  

l i g n i n a s e ,  P .  c h r y s o s p o r iu m  w as in c u b a te d  i n  lo w  vo lu m e  

n o n - in d u ce d  s t a t i o n a r y  subm erged  c u l t u r e s .  T y p i c a l l y ,

10ml c u l t u r e s  i n  125ml E r le n m e y e r  f l a s k s  w e re  in c u b a te d  a t  

3 9 °C  w i t h o u t  a g i t a t i o n  and w e re  p u rg ed  w i t h  100% o xygen  a t  

a f lo w  r a t e  o f  0 .5 1  p e r  m in u te  f o r  5 m in u te s  e v e r y  3-4 

d a y s .  In o c u lu m  p r e p a r a t io n  and  medium c o m p o s it io n  a r e  

d e s c r ib e d  in  s e c t io n  2 .1 .3  and  A p p en d ix  I ,  r e s p e c t i v e l y .

The im m o b i l i s a t io n  o f  P .  c h r y s o s p o r iu m  in  a g a r  i s  a 

s im p le  a d a p t a t io n  o f  th e  s t a n d a r d  s t a t i o n a r y  l i q u i d  

c u l t u r e  t e c h n iq u e  in  w h ic h  2 .0 %  p u r i f i e d  a g a r  (O x o id )  i s  

added  t o  th e  l i q u i d  medium p r i o r  to  a u t o c la v in g  a t  121 °C  

f o r  15 m in u te s .  When th e  m edium c o o ls  t o  a p p r o x im a te ly  

50-55 °C ,  i t  i s  in o c u la t e d  w i t h  th e  s t a n d a r d  s p o re  in o c u lu m  

(S e e  S e c t io n  2 .1 .3 )  and 10ml a l i q u o t s  a r e  th e n  d is p e n s e d
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i n t o  s t e r i l e  125ml E r le n m e y e r  f l a s k s .  A f t e r  24 h o u rs  

in c u b a t io n  a t  3 9 °C , 10ml o f  s t e r i l e  d i s t i l l e d  w a te r  a r e  

a s e p t i c a l l y  added  to  t h e  f l a s k s  and th e y  a re  th e n  t r e a t e d  

th e  same as  f o r  th e  s t a n d a r d  s t a t i o n a r y  l i q u i d  c u l t u r e s .

2 .2 .4  C o m p ariso n  o f  l i g n i n a s e  a c t i v i t y  o b ta in e d  when
using an autoclaved or filter-sterilised stock
solution of glucose
The medium c o m p o s it io n  u sed  f o r  th e  p r o d u c t io n  o f  

l i g n in a s e  a c t i v i t y  i n  s t a t i o n a r y  c u l t u r e s  i s  o u t l i n e d  in  

A p p e n d ix  I .  R o u t in e ly ,  f i v e  t im e s  c o n c e n t r a t e d  s to c k  

s o lu t io n s  o f  th e  medium com p onen ts  w e re  a u to c la v e d  a t  

121 °C  f o r  15 m in u te s  and  s t o r e d  a t  4 °C  u n t i l  r e q u i r e d .  To 

p re p a re  medium f o r  a l i g n i n a s e  p r o d u c t io n  e x p e r im e n t ,  

a l i q u o t s  o f  th e  s to c k  s o lu t i o n s  w e re  m ixed  in  th e  

a p p r o p r ia t e  p r o p o r t io n s  and  10ml a l i q u o t s  w e re  th e n  d i s 

p en sed  i n t o  125ml E r le n m e y e r  f l a s k s  and a u to c la v e d  a t  

121 °C  f o r  15 m in u te s .

When comparing the results of a number of 
experiments, it was observed that apparently more 
ligninase activity was produced when using autoclaved 
glucose rather than filter-sterilised glucose. This 
observation was further investigated by setting up two 
batches of medium. One batch of medium was prepared as 
above; autoclaved stock solutions of all the medium 
components were mixed together and re-autoclaved after 
being dispensed into the Erlenmeyer flasks. The other 
batch of medium was prepared in a similar manner except 
that filter-sterilised glucose was added to the rest of
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th e  medium com ponen ts  a f t e r  t h e y  had  been  a p p r o p r i a t e l y  

m ixed  and a u t o c la v e d ,  and  th e n  a l lo w e d  to  c o o l .

T h is  e x p e r im e n t  w as c a r r i e d  o u t  u s in g  th e  s t a n d a r d  

l i q u i d  c u l t u r e  t e c h n iq u e  and  a l s o  u s in g  th e  im m o b i l i s a t io n  

i n  a g a r  m ethod  o u t l in e d  i n  S e c t io n  2 .2 .3 .

The c o n v e r s io n  o f  a p r o p o r t io n  o f  g lu c o s e  m o le c u le s  

t o  5 - h yd ro x y  m e th y l f u r f u r a l  a s  a r e s u l t  o f  h e a t in g ,  

e s p e c i a l l y  i n  a c i d i c  c o n d i t io n s ,  was f i r s t  d e m o n s tra te d  by 

H aw o rth  and  Jo n e s  (1 9 4 4 ) .  H e n ce , i n  an  a t te m p t  t o  m im ic  

th e  e f f e c t s  o f  a u t o c l a v in g ,  i t  was th e n  d e c id e d  t o  exam in e  

w h e th e r  t h e  a d d i t io n  o f  a r a n g e  o f  c o n c e n t r a t io n s  o f  

5 - h yd ro x y  m e th y l f u r f u r a l  t o  f i l t e r - s t e r i l i s e d  g lu c o s e  

a g a r - im m o b il is e d  c u l t u r e s  o f  P .  c h r y s o s p o r iu m , w o u ld  le a d  

t o  th e  in d u c t io n  o f  i n c r e a s in g  t i t r e s  o f  l i g n in a s e  

a c t i v i t y .  The f i n a l  c o n c e n t r a t io n  ra n g e  i n v e s t i g a t e d  was 

2 . 5 - 1 0 . OpM.

2 .2 .5  In d u c t io n  o f  l i g n i n a s e  a c t i v i t y  u s in g  o r g a n o s o lv
l i g n i n

The a b i l i t y  o f  o r g a n o s o lv  l i g n i n  to  in d u c e  

l i g n in a s e  a c t i v i t y  was i n v e s t i g a t e d  u s in g  s t a t i o n a r y  

l i q u i d  c u l t u r e s  and a g a r - im m o b i l is e d  c u l t u r e s  o f  P . 

c h r y s o s p o r iu m . F o r  b o th  m ethods o f  c u l t u r e ,  th e  l i g n i n  

was added  b e fo r e  a u t o c la v in g  a t  a f i n a l  c o n c e n t r a t io n  o f  

0 .2 %  w / v .

To d e t e r m in in e  t h e  e f f e c t  o f  re m o v in g  p a r t i c u l a t e  

m a t e r i a l  fro m  th e  l i g n i n  p r e p a r a t io n ,  in  one s t a t i o n a r y  

l i q u i d  c u l t u r e  e x p e r im e n t ,  a t e n  t im e s  c o n c e n t r a t e d  s to c k
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s o lu t io n  o f  t h e  l i g n i n  was made up in  d i s t i l l e d  w a t e r  and  

th e n  f i l t e r e d  th ro u g h  W hatm an Number 1 f i l t e r  p a p e r  b e fo r e  

b e in g  a p p r o p r i a t e l y  d i l u t e d  i n  th e  medium.

2 .2 .6  D e te r m in a t io n  o f  th e  g lu c o s e  c o n c e n t r a t io n  in  th e  
e x t r a c e l l u l a r  medium u s in g  th e  g lu c o s e  o x id a s e /  
p e r o x id a s e  m ethod

The b a s i s  o f  t h i s  a s s a y  i s  a tw o  s te p  e n z y m a t ic  

c o n v e r s io n  i n  w h ic h  th e  c o n c e n t r a t io n  o f  g lu c o s e  i s  

d e te rm in e d  b y  t h e  p r o d u c t io n  o f  h yd ro g e n  p e r o x id e  i n  th e  

f i r s t  r e a c t i o n ,  w h ic h  th e n  le a d s  to  th e  s t o i c h io m e t r i c  

p ro d u c t io n  o f  a ch ro m o p h o re  (a  q u in o n e im e n e  d y e )  i n  th e  

second  r e a c t i o n  (s e e  b e lo w ) .

G lu c o s e  o x id a s e :

2 G lu c o s e  + 2 0 2 + H 20 --->2 G lu c o n ic  A c id  + 2 H 20 2

P e r o x id a s e :

2 H 20 2 + 4 - A m in o p h en a z o n e + Ph e n o l--- > Q u in o n e im en e  Dye+4 H 20

M ethod 

P e r  a s s a y :

3 .9  ml 4-A m inophenazone (33mg/100ml 0 . 1M P o ta s s iu m  B u f f e r
pH 7 .0 )

3 .9  ml P h e n o l (lOOm g/lOOm l 0 . lM  P o ta s s iu m  B u f f e r  p H 7 .0 ) 

1 .15m l O .lM  P o ta s s iu m  B u f f e r  pH 7 .0

2 0 .0 p l P e r o x id a s e  (G ra d e  I I ,  l y o p h i l i s e d  = lOOU/mg)

2 0 .0 p l G lu c o s e  o x id a s e  (G ra d e  I ,  l y o p h i l i s e d  = 200U/mg) 

lO .O p l T e s t  Sam p le

T o t a l  Volum e 9.0ml
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A f t e r  m ix in g  t h o r o u g h ly ,  a s s a y  m ix tu r e s  w e re  

in c u b a te d  a t  3 7 °C  f o r  30 m in u te s .  Sam p les  w e re  re a d  

a g a in s t  a r e a g e n t  b la n k  a t  505nm in  a P e r k in  E lm e r  PE-555  

s p e c t r o p h o to m e te r .

U s in g  a s t a n d a r d  o f  D - g lu c o s e  ( BDH) ,  a c a l i b r a t i o n  

c u r v e  was o b ta in e d  o v e r  t h e  ra n g e  0 .3 3 -2 .0 0 %  (w / v )  f o r  

e a ch  s e t  o f  a s s a y s ,  w i t h  s a m p le s  b e in g  f i r s t  r o u t i n e l y  

b o i le d  f o r  2 m in u te s  t o  i n a c t i v a t e  an y  i n t e r f e r i n g  enzym e 

a c t i v i t y .

2 .2 .7  D e te r m in a t io n  o f  th e  c a r b o h y d r a t e  c o n c e n t r a t io n  in  
th e  e x t r a c e l l u l a r  medium u s in g  th e  p h e n o l/ s u lp h u r ic  
a c id  m ethod

The p h e n o l/ s u lp h u r ic  a c id  m ethod o f  c a r b o h y d r a t e  

d e t e r m in a t io n  was d e v e lo p e d  b y  D u b o is  e t  a l .  (1 9 5 6 ) and  i s  

a u s e fu l  a s s a y  f o r  " t o t a l  c a r b o h y d r a t e "  c o n t e n t .  I t  i s  a 

s im p le  c o lo u r im e t r i c  a s s a y  i n  w h ic h  h e a t in g  w i t h  c o n c e n 

t r a t e d  s u lp h u r i c  a c id  le a d s  t o  th e  h y d r o l y s i s  o f  p o l y 

s a c c h a r id e s  t o  fo rm  m o n o s a c c h a r id e s .  The l a t t e r  a r e  th e n  

d e h y d ra te d  t o  fo rm  f u r f u r a l  d e r i v a t i v e s  (f ro m  p e n to s e s )  o r  

h y d ro x y  m e th y l f u r f u r a l  d e r i v a t i v e s -  (fro m  h e x o s e s ) ,  w h ic h  

th e n  r e a c t  w i t h  th e  p h e n o l r e a g e n t  to  fo rm  a s t a b l e  

c o lo u re d  compound w h ic h  ca n  be m easu red  s p e c t ro p h o to -  

m e t r i c a l l y .

The a d v a n ta g e  o f  t h i s  a s s a y  f o r  " t o t a l  

c a r b o h y d r a t e "  c o n t e n t  o v e r  a l t e r n a t i v e  m ethods i s  t h a t  th e  

p h e n o l r e a g e n t  g iv e s  a p p r o x im a te ly  th e  same d e g re e  o f  

r e a c t i o n  w i t h  a l l  s u g a r s .
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M ethod

U s in g  g la s s  t e s t  t u b e s ,  30j j 1 o f  sam p le  c o n t a in in g  

th e  e q u iv a le n t  o f  up t o  7 0pg o f  g lu c o s e  was m ix ed  w i t h  

4 2 0 p l o f  a 5% p h e n o l s o lu t i o n  i n  d i s t i l l e d  w a t e r .  3 .0 m l 

o f  c o n c e n t r a t e d  s u lp h u r i c  a c id  was th e n  s q u i r t e d  in  

d i r e c t l y  on to  th e  s u r f a c e  o f  th e  l a t t e r  b e fo r e  b e in g  

r a p i d l y  m ix ed  u s in g  a w h ir l im ix e r :

The tu b e s  w e re  th e n  a l lo w e d  t o  s ta n d  f o r  10 m in u te s  

a t  room te m p e ra tu r e  b e f o r e  b e in g  r e a d  a t  488nm (h e x o s e s )  

o r  480nm (p e n to s e s )  a g a in s t  an  a p p r o p r ia t e  b la n k  c o n t a in 

in g  w a te r  i n s t e a d  o f  s u g a r .

F o r  e a c h  d e t e r m in a t io n  o f  c a r b o h y d r a t e  c o n t e n t  

u s in g  t h i s  m eth o d , a c a l i b r a t i o n  c u r v e  was s e t  up u s in g  

g lu c o s e  o v e r  th e  ra n g e  0-70pg p e r  30j j 1 a l i q u o t .

I t  w as fo u n d  t h a t  th e  r e p r o d u c i b i l i t y  o f  th e  

p h e n o l/ s u lp h u r ic  a c id  a s s a y  was d e p e n d e n t upon th e  f a s t  

and th o ro u g h  m ix in g  o f  t h e  r e a g e n ts  a t  e a ch  s te p  o f  th e  

a s s a y .

2 .2 .8  Im m o b i l i s a t io n  o f  P .  c h r y s o s p o r iu m  in  a ra n g e  o f
p o ly u r e th a n e  foam s

In  S e c t io n  2 .2 .3 ,  an a d a p t a t io n  o f  th e  s ta n d a r d  

s t a t i o n a r y  l i q u i d  c u l t u r e  c o n d i t io n s  was d e s c r ib e d  in  

w h ic h  P .  c h r y s o s p o r iu m  was im m o b il is e d  in  a medium c o n 

t a i n i n g  p u r i f i e d  a g a r .  I t  w i l l  be shown in  th e  R e s u l t s  

s e c t io n  o f  t h i s  t h e s i s ,  h o w e v e r , t h a t  a g a r  was n o t  an 

id e a l  im m o b i l i s a t io n  s u p p o r t .
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As an  a l t e r n a t i v e  s u p p o r t  m a t r ix ,  a r a n g e  o f  

p o ly u r e th a n e  foam s w e re  i n v e s t i g a t e d .  F i v e  p o ly u r e th a n e  

foam s w e re  o b ta in e d  as  a g i f t  fro m  P r o f e s s o r  D .O .H a l l  

(K in g s  C o l le g e ,  U n i v e r s i t y  o f  Lo n d o n ) and d i s c s  o f  th e s e  

w e re  c u t  so  t h a t  th e y  w o u ld  o c c u p y  th e  same vo lu m e  as  

10ml medium in  a 125ml E r le n m e y e r  f l a s k .  The e f f e c t  o f  

in c lu d in g  t h e s e  in  o th e r w is e  s t a n d a r d  s t a t i o n a r y  l i q u i d  

c u l t u r e s  o f  P .  c h r y s o s p o r iu m  w as th e n  i n v e s t i g a t e d ;  

l i g n in a s e  a c t i v i t y  b e in g  m e a su re d  as  d e s c r ib e d  i n  S e c t io n

2 .2 .2 .  B e f o r e  u s in g  th e  d i s c s  o f  foam , h o w e v e r , t h e y  

w e re  f i r s t  w ash ed  t h r e e  t im e s  i n  d i s t i l l e d  w a te r  and th e n  

a u to c la v e d  i n  d i s t i l l e d  w a t e r  t o  e n s u re  t h a t  a n y  c o n ta m i

n a t in g  com pounds t h a t  m ig h t  i n t e r f e r e  w i t h  th e  p r o d u c t io n  

o f  l i g n in a s e  a c t i v i t y  w o u ld  be le a c h e d .

The p o ly u r e th a n e  foam s in v e s t ig a t e d  w e re  a l l  

o r i g i n a l l y  o b ta in e d  fro m  C a l ig e n  Foam L t d . ,  A c c r in g t o n ,  

U n it e d  K ingdom  and had th e  d e s ig n a te d  co d es  3300A, 4200A, 

H4200, 74165 AO and PR  22/60 .

2.3 Ligninase production using agitated cultures of
P . c h ry s o s p o r iu m

2 .3 .1  In t r o d u c t io n

In  S e c t io n  2 .2 .1 ,  i t  w as r e p o r t e d  t h a t  l i g n in a s e  

was f i r s t  i s o l a t e d  from  lo w  vo lu m e  n o n - in d u ce d  s t a t i o n a r y  

subm erged  c u l t u r e s  o f  P .  c h r y s o s p o r iu m . A s i g n i f i c a n t  

s t e p  to w a rd s  th e  s c a le  up o f  th e  p r o d u c t io n  o f  l i g n in a s e  

was made when i t  was o b s e rv e d  t h a t  in c r e a s e d  l e v e l s  o f  

l i g n in a s e  a c t i v i t y  w e re  p ro d u ce d  i n  c u l t u r e s  in d u c e d  w i t h
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l i g n i n s  o r  lo w  m o le c u la r  w e ig h t  a r o m a t ic  compounds 

( F a is o n  and K i r k ,  1985 ; L e i s o l a  e t  a l . f 1985a; s e e  a ls o  

S e c t io n s  2 .2 .4  and 2 . 2 . 5 ) .  I n  a d d i t i o n ,  u s in g  c u l t u r e s  

o f  P .  c h r y s o s p o r iu m  in d u c e d  w i t h  v e r a t r y l  a l c o h o l ,  i t  was 

a l s o  shown t h a t  i t  was p o s s ib le  t o  s c a le  up th e  p r o d u c t io n  

o f  l i g n in a s e  f u r t h e r  b y  u s in g  a g i t a t e d  c u l t u r e s  i n  w h ic h  

b o th  f l a s k  s i z e  and c u l t u r e  vo lu m e  had been  in c r e a s e d  

( L e i s o l a  e t  a l . ,  1 9 8 5 a ).

In  t h i s  s e c t i o n ,  i t  i s  d e s c r ib e d  how th e  

im m o b i l i s a t io n  o f  P .  c h r y s o s p o r iu m  i n  p o ly u r e th a n e  foam  

f i r s t  m e n tio n e d  i n  s e c t io n  2 .2 . 8 ,  was a d a p te d  t o  in c r e a s e d  

vo lu m e s  o f  m edium in  a g i t a t e d  c u l t u r e  c o n d i t io n s .  U s in g  

fo a m - im m o b ilis e d  c u l t u r e s  o f  P . c h r y s o s p o r iu m , c u l t u r e  

c o n d i t io n s  a r e  d e s c r ib e d  w h ic h  f a c i l i t a t e  th e  p r o d u c t io n  

o f  s u c c e s s iv e  h a r v e s t s  o f  l i g n i n a s e  from  th e  same fu n g a l 

b io m a ss , and a l s o ,  f o r  th e  s t o r a g e  and r e a c t i v a t i o n  o f  

m a tu re  p e l l e t s  o f  P . c h r y s o s p o r iu m . T hese  p ro c e d u re s  mean 

t h a t  th e  t e d io u s  and s k i l l e d  p ro c e d u re  o f  g e n e r a t in g  f r e s h  

f u n g a l  b io m a ss  f o r  e a c h  f r e s h  h a r v e s t  o f  l i g n in a s e  i s  

e f f e c t i v e l y  a v o id e d .

2 .3 .2  M easu rem en t o f  l i g n i n a s e  a c t i v i t y

L ig n in a s e  a c t i v i t y  was m easu red  e s s e n t i a l l y  as  

d e s c r ib e d  i n  S e c t io n  2 .2 .2 ;  e x c e p t  t h a t  s in c e  th e  l e v e l  

o f  l i g n in a s e  a c t i v i t y  was g e n e r a l l y  s i g n i f i c a n t l y  h ig h e r  

a f t e r  th e  in d u c t io n  o f  l i g n in a s e  a c t i v i t y  by v e r a t r y l  

a l c o h o l ,  i t  w as o n ly  n e c e s s a r y  t o  u se  0 .1m l o f  th e  

e x t r a c e l l u l a r  c u l t u r e  f l u i d  in  th e  s ta n d a rd  v e r a t r y l  

a l c o h o l  o x id a s e  a s s a y .



A ls o ,  s in c e  th e  p r o d u c t io n  o f  l i g n in a s e  had  been  

s c a le d  up b o th  i n  te rm s  o f  c u l t u r e  vo lum e and f l a s k  s i z e  

( s e e  S e c t io n  2 . 3 . 3 ) ,  i t  w as no  lo n g e r  n e c e s s a r y  t o  d e c a n t  

t h e  e n t i r e  c o n te n t s  o f  i n d i v i d u a l  f l a s k s  f o r  e a c h  a s s a y  

o f  l i g n in a s e  a c t i v i t y .  A s t a n d a r d  p ro c e d u re  w as a d o p te d  

o f  a s e p t i c a l l y  re m o v in g  1 .0 m l a l i q u o t s  o f  th e  e x t r a 

c e l l u l a r  c u l t u r e  f l u i d  fro m  a t  l e a s t  t h r e e  f l a s k s  f o r  

e a c h  m easu rem en t o f  l i g n i n a s e  a c t i v i t y  an d , c o n s e q u e n t ly ,  

f l a s k s  w e re  a b le  t o  be u se d  f o r  s e v e r a l  a s s a y s  o v e r  th e  

c o u r s e  o f  an e x p e r im e n t  w i t h o u t  a s i g n i f i c a n t  r e d u c t io n  

i n  th e  vo lu m e  o f  th e  c u l t u r e .

2 .3 .3  Im m o b i l i s a t io n  o f  P .  c h r y s o s p o r iu m  in  p o ly u r e th a n e
foam

In  S e c t io n  2 .2 . 8 ,  i t  w as d e s c r ib e d  how p o ly u r e th a n e  

foam  was u sed  as  an  im m o b i l i s a t io n  s u p p o r t  f o r  s t a t i o n a r y  

c u l t u r e s  o f  P .  c h r y s o s p o r iu m . In  t h i s  s e c t io n ,  i t  i s  

d e s c r ib e d  how p o ly u r e th a n e  foam  was used  to  im m o b i l is e  P . 

c h r y s o s p o r iu m  u s in g  a g i t a t e d  c u l t u r e s .

The c o n t r o l  m ethod  o f  l i g n in a s e  p r o d u c t io n ,  i n  

w h ic h  l i g n in a s e  a c t i v i t y  was p ro d u ce d  in  a g i t a t e d  b a tc h  

c u l t u r e s  o f  P . c h r y s o s p o r iu m  i n  th e  a b se n ce  o f  a n y  

im m o b i l i s a t io n  s u p p o r t ,  was e s s e n t i a l l y  as d e s c r ib e d  in  

H aem m erli e t  a l . (1 9 8 6 b ) .  11 E r le n m e y e r  f l a s k s  c o n 

t a i n i n g  600ml o f  m edium  w e re  in o c u la t e d  w i t h  a s p o re  

s u s p e n s io n  as  d e s c r ib e d  in  S e c t io n  2 .1 .3 .  The c u l t u r e s  

w e re  th e n  in c u b a te d  a t  3 9 °C  and  150 r .p .m ./ 2 .5 c m  r a d iu s  

u n d e r  an a i r  a tm o s p h e re  f o r  48 h o u rs .  A f t e r  t h i s  p e r io d ,  

th e  fu n g a l  b io m a ss  w i t h i n  e a ch  f l a s k  was c o n c e n t r a t e d
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t h r e e  t im e s  b y  a s e p t i c a l l y  d e c a n t in g  400ml o f  th e  e x t r a 

c e l l u l a r  medium and f i l t e r - s t e r i l i s e d  v e r a t r y l  a l c o h o l  

was th e n  added  to  g iv e  a f i n a l  c o n c e n t r a t io n  o f  added  

v e r a t r y l  a l c o h o l  i n  th e  f l a s k s  o f  l.Om M . A f t e r  p u rg in g  

th e  c u l t u r e s  w i t h  100% o x yg en  f o r  10 m in u te s  a t  a f lo w  

r a t e  o f  1 1 / m in u te , t h e y  w e re  th e n  r e - in c u b a t e d  a t  3 9 °C  

b u t  w i t h  a re d u c e d  a g i t a t i o n  r a t e  o f  60 r .p .m ./ 2 .5 c m  

r a d iu s .  Medium  c o m p o s it io n  was as  d e s c r ib e d  i n  A p p e n d ix  

I .
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The im m o b i l i s a t io n  o f  P .  c h r y s o s p o r iu m  in  

p o ly u r e th a n e  foam  in  a g i t a t e d  c u l t u r e s  was a c h ie v e d  b y  

c u t t i n g  th e  foam  in t o  1cm cu b e s  and th e n  a d d in g  f o r t y  

f i v e  o f  t h e s e  t o  11 E r le n m e y e r  f l a s k s .  The f l a s k s  w e re  

th e n  t r e a t e d  i n  p r e c i s e l y  th e  same m anner a s  f o r  th e  

c o n t r o l  f l a s k s  w h ic h  c o n t a in e d  no cu b e s  o f  fo am . B e f o r e  

u s in g  th e  cu b e s  o f  foam , t h e y  w e re  f i r s t  w ashed  and a u t o 

c la v e d  in  d i s t i l l e d  w a t e r  a s  d e s c r ib e d  i n  S e c t io n  2 .2 .8 .  

The p o ly u r e th a n e  foam  u se d  f o r  t h i s  w ork  was t h a t  

d e s ig n a te d  Code 3300A.

2 .3 .4  O p t im is a t io n  o f  c o n d i t io n s  f o r  th e  s e m i- c o n t in u o u s  
p r o d u c t io n  o f  l i g n i n a s e  u s in g  fo a m - im m o b ilis e d  
P .  c h r y s o s p o r iu m

To determine the optimum conditions for the 
continued successive production of harvests of ligninase 
using foam-immobilised cultures of P. chrysosporium, an 
experiment was carried out in which the extracellular 
medium from four sets of flasks was aseptically decanted 
when the cultures reached peak ligninase activity in the
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i n i t i a l  b a t c h  c u l t u r e ,  and w as th e n  r e p la c e d  w i t h  200ml 

o f  e i t h e r  u n d i lu t e d ,  t w o - fo ld  d i l u t e d ,  o r  f i v e - f o l d  

d i l u t e d  s t e r i l e  b a t c h  c u l t u r e  m edium , o r ,  l a s t l y ,  b u f f e r  

a lo n e .  F o r  e a c h  s e t  o f  f l a s k s ,  t h e  b u f f e r  c o n c e n t r a t io n  

was m a in ta in e d  a s  d e s c r ib e d  i n  A p p e n d ix  I .

A t  t h e  same t im e  a s  r e p l a c in g  th e  e x t r a c e l l u l a r  

m edium , th e  c u l t u r e s  w e re  a l s o  in d u c e d  w i t h  v e r a t r y l  

a lc o h o l  ( f i n a l  c o n c e n t r a t io n  o f  l.Om M ) and p u rg e d  w i t h  

100% oxygen  a s  d e s c r ib e d  i n  S e c t io n  2 . 3 . 3 . ,  b e f o r e  b e in g  

r e - in c u b a t e d  a t  3 9 °C  w i t h  an  a g i t a t i o n  r a t e  o f  60 r . p . m . /  

2 .5cm  r a d iu s .  The l e v e l  o f  l i g n in a s e  a c t i v i t y  i n  th e  

c u l t u r e s  was th e n  m o n ito re d  o v e r  th e  f o l lo w in g  8 d ay  

p e r io d .

The r e s u l t s  o f  t h i s  e x p e r im e n t  showed w h ic h  

d i l u t i o n  o f  t h e  b a t c h  c u l t u r e  medium was l i k e l y  t o  be 

s u i t a b l e  a s  a s t a n d a r d  r e p la c e m e n t  medium and  t h e  e f f e c t  

o f  u s in g  t h i s  d i l u t i o n  o f  t h e  medium to  p ro d u c e  c o n t in u e d  

s u c c e s s iv e  h a r v e s t s  o f  l i g n in a s e  e v e r y  24 to  48 h o u rs ,  

w h i l s t  m a in t a in in g  th e  c u l t u r e s  a t  39 °C  and 60 r . p . m . /

2 .5  cm r a d iu s ,  and  a l s o  in d u c in g  w i t h  1 . OmM v e r a t r y l  

a l c o h o l  and p u r g in g  w i t h  o x yg en  a t  e a ch  r e p la c e m e n t  o f  

th e  m edium , w as th e n  i n v e s t i g a t e d .

H a v in g  fo u n d  th e  m ost s u i t a b l e  d i l u t i o n  o f  th e  

b a tc h  c u l t u r e  medium t o  f a c i l i t a t e  th e  c o n t in u e d  p r o 

d u c t io n  o f  s u c c e s s s i v e  h a r v e s t s  o f  l i g n in a s e  ( s e e  S e c t io n

3 . 2 . 3 ) ,  i t  was th e n  d e c id e d  t o  d e te rm in e  w h e th e r  i t  was 

n e c e s s a r y  to  m a in t a in  an a g i t a t i o n  r a t e  o f  60 r . p .m ./ 2 .5  cm



67

r a d iu s  f o r  th e  c o n t in u e d  p r o d u c t io n  o f  s u c c e s s iv e  h a r v e s t s  

o f  l i g n in a s e .  T h is  was c a r r i e d  o u t  u s in g  c u l t u r e s  t h a t  

had been  s t o r e d  and th e n  r e a c t i v a t e d  as  d e s c r ib e d  in  

S e c t io n  2 .3 .5  ( s e e  b e lo w ) ;  e x c e p t  w i t h  one s e t  o f  c u l t u r e s  

in c u b a te d  a t  an  a g i t a t i o n  r a t e  o f  60 r . p . m ./ 2 .5  cm, and 

th e  o th e r  a t  150 r .p .m ./ 2 .5 c m  r a d iu s ,  a l l  o t h e r  c u l t u r e  

c o n d it io n s  r e m a in in g  u n a l t e r e d .  T h re e  r e p l i c a t e s  w e re  s e t  

up f o r  e a ch  a g i t a t i o n  r a t e .

S i m i l a r l y ,  t o  d e te r m in e  w h e th e r  v e r a t r y l  a lc o h o l  

was n e c e s s a r y  f o r  th e  c o n t in u e d  p r o d u c t io n  o f  s u c c e s s iv e  

h a r v e s t s  o f  l i g n i n a s e ,  v e r a t r y l  a l c o h o l  was o m it t e d  from  

th e  r e p la c e m e n t  medium fro m  one s e t  o f  fo a m - im m o b ilis e d  

c u l t u r e s ,  and  t h e  r e s u l t a n t  e f f e c t  upon t h e  p r o d u c t io n  o f  

f r e s h  s u c c e s s iv e  h a r v e s t s  w as th e n  e x a m in ed ; a l l  o th e r  

c u l t u r e  c o n d i t io n s  w e re  as  d e s c r ib e d  i n  S e c t io n  3 .2 .3 .

In  a d d i t i o n ,  th e  e f f e c t  o f  f i r s t  w a s h in g  th e  cu b es  

o f  fo a m - im m o b ilis e d  P .  c h r y s o s p o r iu m  in  s t e r i l e  d i s t i l l e d  

w a t e r ,  and th e n  o m it t in g  t h e  v e r a t r y l  a l c o h o l  fro m  f r e s h  

re p la c e m e n t  m edium , was a l s o  i n v e s t i g a t e d .  The cub es  o f  

fo a m - im m o b ilis e d  P . c h r y s o s p o r iu m  w e re  w ashed  b y  a g i t a t i n g  

th e  c u l t u r e s  f o r  tw o  s u c c e s s iv e  p e r io d s  o f  5 m in u te s  a t  

200 r .p .m ./ 2 .5  cm r a d iu s .

F i n a l l y ,  u s in g  th e  c u l t u r e  c o n d i t io n s  o p t im is e d  by 

th e  ab ove  s e t  o f  e x p e r im e n ts ,  i t  was th e n  d e c id e d  to  

d e te rm in e  w h e th e r  i n c r e a s in g  th e  b io m ass  o f  t h e  fu n g u s  

w i t h in  i n d i v i d u a l  f l a s k s  w o u ld  le a d  to  e ve n  h ig h e r  t i t r e s  

o f  l i g n in a s e .  T h is  was i n v e s t i g a t e d  u s in g  tw o  d i f f e r e n t
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m e th o d s . The f i r s t  m ethod i n v e s t i g a t e d  was t o  in c r e a s e  

th e  s u r f a c e  a r e a  o f  th e  foam  w h i l s t  m a in t a in in g  th e  same 

t o t a l  vo lum e o f  th e  foam  f o r  e a ch  i n d i v i d u a l  f l a s k  (s e e  

S e c t io n  3 . 2 . 2 ) .  T h is  was done b y  t a k in g  f o r t y  f i v e  1cm 

cu b es  o f  foam , and th e n  c u t t i n g  e a ch  o f  th e s e  i n t o  e ig h t  

s m a l le r  cu b e s  b e fo r e  s e t t i n g  up th e  fo a m - im m o b ilis e d  

c u l t u r e s  ( s e e  S e c t io n  2 . 3 . 3 ) .

The se co n d  m ethod i n v e s t i g a t e d  was to  a s e p t i c a l l y  

t r a n s f e r  f o r t y  f i v e  1cm cu b es  o f  fo a m - im m o b ilis e d  P ♦ 

c h ry s o s p o r iu m  fro m  one s e t  o f  f l a s k s  t o  a se co n d  s e t  o f  

f l a s k s  w h ic h  a l r e a d y  c o n ta in e d  f o r t y  f i v e  1cm cu b e s  o f  

fo a m - im m o b ilis e d  P . c h r y s o s p o r iu m . I n  a l l  o t h e r  r e s p e c t s ,  

th e  c u l t u r e  c o n d i t io n s  w e re  a s  d e s c r ib e d  i n  S e c t io n  3 .2 .3 .

2 .3 .5  S to r a g e  and r e a c t i v a t i o n  o f  fo a m - im m o b ilis e d
c u l t u r e s  o f  P .  c h r y s o s p o r iu m

To d e te rm in e  w h e th e r  i t  was p o s s ib le  t o  s t o r e  

fo a m - im m o b ilis e d  c u l t u r e s  o f  P .  c h r y s o s p o r iu m , th e  

e x t r a c e l l u l a r  medium from  a num ber o f  fo a m - im m o b ilis e d  

c u l t u r e s  was a s e p t i c a l l y  d e c a n te d ,  and th e  f l a s k s  w e re  

th e n  s t o r e d  a t  4 °C  f o r  a p e r io d  o f  tw o  m o n th s .

A f t e r  t h i s  p e r io d ,  f i v e f o l d  d i l u t e d  s t e r i l e  b a tc h  

c u l t u r e  medium c o n t a in in g  1 . OmM v e r a t r y l  a lc o h o l  was 

a s e p t i c a l l y  added  to  th e  f l a s k s ,  w h ic h  w e re  th e n  

r e - in c u b a te d  a t  3 9 °C  and 60 r .p .m ./ 2 .5 c m  r a d iu s  (s e e  a l s o  

S e c t io n  2 . 3 . 4 ) .  L ig n in a s e  a c t i v i t y  was m easu red  as

d e s c r ib e d  i n  S e c t io n  2 . 2 . 2 .
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2 . 3 . 6  E l e c t r o n  M ic ro s c o p y  o f  fo a m - im m o b ilis e d
P .  c h r y s o s p o r iu m

To d e te r m in e  th e  p a t t e r n  o f  g ro w th  o f  P . 

c h r y s o s p o r iu m  i n  th e  cu b e s  o f  p o ly u r e th a n e  foam , a num ber 

o f  cu b es  c o n t a in in g  p e l l e t s  o f  th e  fu n g u s  w e re  exam in ed  

b y s c a n n in g  e l e c t r o n  m ic ro s c o p y  u s in g  sam p les  w h ic h  had 

been  p re p a re d  b y  c r i t i c a l  p o in t  d r y in g  (A n d e rso n  1 9 5 1 ).

2.4 Purification of the isozymes of ligninase

2 . 4 . 1  C o n c e n t r a t io n  o f  th e  e x t r a c e l l u l a r  p r o t e in s  o f
P .  c h r y s o s p o r iu m

The standard method used to concentrate the 
extracellular proteins of P. chrysosporium was by a 
combination of ultrafiltration and lyophilisation with 
resuspension in a smaller volume of solution. Towards 
the conclusion of this work, however, a third method of 
concentration was introduced as an additional step and 
this was acetone precipitation.

P o o le d  e x t r a c e l l u l a r  medium fro m  a number o f  

c u l t u r e s  s e t  up i n  th e  same w a y , was f i r s t  c o n c e n t r a t e d  

by p a s s in g  i t  th ro u g h  an Am icon  h o l lo w - f ib r e  c o n c e n t r a t o r  

a t  4 ° C .  U s in g  a c a r t r i d g e  w i t h  a 10 Kd e x c lu s io n  s i z e ,  

p o o le d  e x t r a c e l l u l a r  medium was c o n c e n t r a t e d  a p p r o x im a te ly  

t e n  t im e s  b y  t h i s  m ethod b e fo r e  b e in g  d ia l y s e d  o v e r n ig h t  

a t  4 °C  a g a in s t  d i s t i l l e d  w a t e r .

The second stage of concentration was by 
lyophilisation with resuspension in a smaller volume of 
solution. The concentrated material obtained after
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u l t r a f i l t r a t i o n  was l y o p h i l i s e d  o v e r n ig h t  u s in g  a Ed w a rd s  

M odu lyo  f r e e z e - d r i e r  and  t h e  r e s id u e  r e s u l t i n g  fro m  t h i s  

p ro c e d u re  w as th e n  re s u s p e n d e d  in  a minimum vo lu m e  o f  

d i s t i l l e d  w a t e r  b e fo r e  b e in g  s t o r e d  a t  - 2 0 ° C .

The t h i r d  m ethod  o f  c o n c e n t r a t io n  in t r o d u c e d  

to w a rd s  th e  c o n c lu s io n  o f  t h i s  w o rk  was a c e to n e  

p r e c i p i t a t i o n ;  an a d d i t i o n a l  f e a t u r e  o f  t h i s  m ethod o f  

c o n c e n t r a t io n  b e in g  th e  re m o v a l o f  unw an ted  c a r b o h y d r a t e  

s t i l l  p r e s e n t  in  th e  p r e p a r a t io n .  T h is  was c a r r i e d  o u t  

as  d e s c r ib e d  b y  Kuw ahara  e t  a l . ( 1 9 8 4 ) .

A c e to n e  was f i r s t  ad ded  to  25% ( v / v )  t o  p r e c i p i 

t a t e  o u t  c a r b o h y d r a t e ,  and  th e n  t o  66% ( v / v )  t o  p r e c i p i 

t a t e  o u t  p r o t e i n .  The c a r b o h y d r a t e  was rem oved  by 

w in d in g  th e  s t r a n d s  fo rm e d , i f  a n y ,  a ro u n d  a g la s s  r o d ,  

and a f t e r  th e  a d d i t io n  o f  t h e  r e q u i r e d  am ount o f  a c e to n e ,  

th e  r e s u l t a n t  s u s p e n s io n  was th e n  c e n t r i f u g e d  a t  15000g 

f o r  20 m in u te s  t o  s p in  down t h e  p r e c ip i t a t e d  p r o t e in .

The l a t t e r  w as th e n  re s u s p e n d e d  i n  a minimum vo lu m e  o f  

d i s t i l l e d  w a te r  and w as d i a l y s e d  o v e r n ig h t  a g a in s t  

d i s t i l l e d  w a te r  a t  4 °C  t o  rem o ve  a l l  t r a c e s  o f  a c e to n e .  

A f t e r  d i a l y s i s ,  p r o t e in  s o lu t i o n s  w e re  s t o r e d  a t  -20 °C  

u n t i l  r e q u i r e d  f o r  f u r t h e r  e x p e r im e n t a t io n .

2 . 4 . 2  A n io n - e x ch a n g e  c h ro m a to g ra p h y  o f  th e  iso z y m e s  o f
l i g n in a s e  u s in g  t r i s - a c r y l  DEAE s e p h a ro s e

The i n i t i a l  s e p a r a t io n  o f  th e  iso z y m e s  o f  l i g n in a s e  

was by th e  a d s o r p t io n  o f  c o n c e n t r a t e d  l i g n in a s e  to  a 

t r i s - a c r y l  DEAE s e p h a ro s e  co lum n  and th e n  e l u t i n g  w i t h  an
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i n c r e a s in g  c o n c e n t r a t io n  o f  so d ium  c h lo r id e  i n  20mM t r i s -  

s u c c in a t e  b u f f e r  pH 5 . 0 .  The p r e p a r a t io n  o f  l i g n in a s e  

u sed  f o r  t h i s  s e p a r a t io n  was o b t a in e d  from  c o n c e n t r a t in g  

th e  f i r s t  f i v e  h a r v e s t s  fro m  s e m i- c o n t in u o u s  c u l t u r e s  o f  

fo a m - im m o b ilis e d  P .  c h r y s o s p o r iu m  (s e e  S e c t io n  3 . 2 . 3 )  b y  

u l t r a f i t r a t i o n , l y o p h i l i s a t i o n / r e s u s p e n s io n  i n  a s m a l le r  

vo lu m e  o f  s o lu t i o n  and th e n  a c e to n e  p r e c i p i t a t i o n  (s e e  

S e c t io n  2 . 4 . 1 ) .  The f i v e  h a r v e s t s  w e re  t r e a t e d  

i n d i v i d u a l l y  f o r  th e  i n i t i a l  c o n c e n t r a t io n  and w e re  th e n  

p o o le d  f o r  th e  a c e to n e  p r e c i p i t a t i o n  s t e p .

U s in g  a 10mm x 80mm co lum n  w i t h  a bed vo lu m e  o f  

6 . 3 m l ,  10ml o f  c o n c e n t r a t e d  l i g n i n a s e  ( c . 3 0 0  U n i t s )  was 

lo a d e d  o n to  th e  co lu m n ; t h e  r e m a in d e r  o f  t h i s  enzyme 

p r e p a r a t io n  w as s to r e d  a t  - 2 0 °C  f o r  a d d i t i o n a l  e x p e r i 

m e n ta t io n .  The co lum n w as th e n  w ashed  w i t h  0 .0  1M sod ium  

c h lo r id e  i n  0 .01M  t r i s - s u c c i n a t e  pH 5 .0  u n t i l  no f u r t h e r  

m a t e r i a l  w i t h  an  a b s o rb a n c e  a t  280nm o r  a n y  v e r a t r y l  

a l c o h o l  o x id a s e  a c t i v i t y  ( s e e  S e c t io n  2 . 2 . 2 )  c o u ld  be 

e lu t e d .  A s t e p  o f  25ml o f  0 .05M sod ium  c h lo r id e  in  0.01M  

t r i s - s u c c i n a t e  pH 5 .0  was th e n  a p p l ie d ,  f o l lo w e d  b y  a 

l i n e a r  g r a d ie n t  fro m  0.05M t o  0 . 3M sod ium  c h lo r id e  in  

0 .01M  t r i s - s u c c i n a t e  pH 5 .0  o v e r  a tw o  h o u r p e r io d .  The 

s e p a r a t io n  was th e n  c o m p le te d  b y  t h r e e  s u c c e s s iv e  25ml 

s t e p s  o f  0 .3M,  0.5M a n d , f i n a l l y ,  1 . 0M sod ium  c h lo r i d e ,  

a l l  i n  0.01M t r i s - s u c c i n a t e  pH 5 . 0 .

The f l o w  r a t e  was 62 .0  ml p e r  h o u r and 2 .0  ml 

f r a c t i o n s  c o l l e c t e d  th r o u g h o u t .  The e lu a t e  o f f  th e  

co lum n  was c o n t in u o u s ly  m o n ito re d  a t  280nm u s in g  a LKB UV



f lo w  c e l l ,  and  e v e r y  t h i r d  f r a c t i o n  t o  be c o l l e c t e d  was 

th e n  a s s a y e d  f o r  v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  u n d e r  

a v a r i e t y  o f  d i f f e r e n t  c o n d i t io n s  a s  d e s c r ib e d  i n  S e c t io n  

2 . 6 . 2 .

2 . 4 . 3  A n io n - e x ch a n g e  c h ro m a to g ra p h y  o f  th e  is o z y m e s  o f
l i g n in a s e  u s in g  Mono-Q FPLC

In  S e c t io n  2 . 4 . 2 ,  i t  was d e s c r ib e d  how th e  

iso z y m e s  o f  l i g n i n a s e  w e re  i n i t i a l l y  s e p a r a te d  u s in g  

t r i s - a c r y l  DEAE a n io n - e x c h a n g e  c h ro m a to g ra p h y . In  

S e c t io n  3 . 3 . 1 ,  i t  w i l l  be r e v e a le d  how t h i s  r e s u l t e d  i n  

o n ly  a p a r t i a l  p u r i f i c a t i o n  o f  th e  d i f f e r e n t  is o z y m e s  

p r e s e n t .  C o n s e q u e n t ly ,  i n  o r d e r  t o  p u r i f y  t h e  iso z y m e s  

o f  l i g n in a s e  f u r t h e r ,  a s e co n d  m ethod  o f  ch ro m a to g ra p h y  

was p e r fo rm e d  on e a c h  o f  t h e  i n d i v i d u a l  " p a r t i a l l y  p u re "  

iso z ym e s  a l r e a d y  s e p a r a t e d .  The m ethod ch o se n  was Mono-Q 

FPLC  a n io n - e x c h a n g e  c h ro m a to g ra p h y  and t h i s  w as p e r fo rm e d  

as  d e s c r ib e d  i n  K i r k  e t  a l .  ( 1 9 8 6 c ) .

F i r s t ,  t h e  a p p r o p r ia t e  f r a c t i o n s  c o n t a in in g  th e  

p a r t i a l l y  p u re  is o z y m e s  o f  l i g n in a s e  r e s u l t i n g  from  th e  

i n i t i a l  p u r i f i c a t i o n  as  o u t l i n e d  i n  S e c t io n  2 . 4 . 2 ,  w e re  

p o o le d  and th e n  d i a l y s e d  a g a in s t  d i s t i l l e d  w a t e r .  E a ch  

was th e n  l y o p h i l i s e d  o v e r n ig h t  b e fo r e  b e in g  re su s p e n d e d  

in  1 .25m l o f  lO.OmM sod ium  a c e t a t e  b u f f e r  pH 6 . 0 .  A l l  

s am p le s  w e re  f i l t e r e d  th ro u g h  0.45pm  f i l t e r s  ( M i l l i p o r e )  

b e fo r e  b e in g  lo a d e d  o n to  th e  co lu m n .

The FPLC  a p p a r a tu s  u se d  c o n s is t e d  o f  a L iq u id  

C h ro m a to g ra p h y  C o n t r o l l e r  (P h a rm a c ia  - LCC 5 0 0 ) ,  2 Pumps
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(P h a rm a c ia  - P - 5 0 0 ) f S i n g l e  P a th  M o n ito r  (P h a rm a c ia  - 

U V -1 ; C o n t r o l  U n i t  and  O p t i c a l  U n i t ) ,  F r a c t i o n  C o l l e c t o r  

(P h a rm a c ia  - F r a c - 1 0 0 ) f and co lum n  (P h a rm a c ia  - HR 5/5 

Mono Q; Bed  s iz e  5 x 50mm). The m o b ile  p h ase  c o n s is t e d  

o f  a l i n e a r  g r a d ie n t  fro m  lO.OmM t o  0 . 5M sod ium  a c e t a t e  

pH 6 . 0 ,  and was a p p l ie d  o v e r  a 40 m in u te  p e r io d  a t  a f l o w  

r a t e  o f  2 .0  ml p e r  m in u te  w i t h  th e  e lu a t e  b e in g  c o n s t a n t l y  

m o n ito re d  a t  280nm. F r a c t i o n s  w e re  c o l l e c t e d  o n ly  when 

th e  a b s o rb a c e  a t  280nm e x c e e d e d  a g iv e n  minimum t h r e s h o ld  

w i t h  th e  maximum vo lu m e  c o l l e c t e d  p e r  tu b e  b e in g  2 .0 m l .

2.5 Characterisation of the properties of concentrated 
ligninase b e fo r e  anion-exchange chromatography

2 . 5 . 1  S D S - p o ly a c y la m id e  g e l  e l e c t r o p h o r e s i s  o f  th e
e x t r a c e l l u l a r  p r o t e in s  fro m  s u c c e s s iv e  h a r v e s t s  o f  
fo a m - im m o b ilis e d  P .  c h r y s o s p o r iu m

To d e te rm in e  w h e th e r  t h e  same ra n g e  o f  e x t r a 

c e l l u l a r  p r o t e in s  w e re  p ro d u ce d  a t  e a ch  s u c c e s s iv e  

h a r v e s t  u s in g  th e  fo a m - im m o b ilis e d  P .  c h r y s o s p o r iu m , th e  

e x t r a c e l l u l a r  medium fro m  f i v e  s u c c e s s iv e  h a r v e s t s  was 

c o n c e n t r a t e d  and th e n  com pared  b y  S D S - p o ly a c r y la m id e  g e l  

e l e c t r o p h o r e s i s .  C u l t u r e  c o n d i t io n s  w e re  as  d e s c r ib e d  i n  

S e c t io n  3 . 2 . 3  and th e  c o n c e n t r a t io n  o f  th e  e x t r a c e l l u l a r  

p r o t e in s  was a s  d e s c r ib e d  in  S e c t io n  2 . 4 . 1 .

Sam p les  w e re  p re p a re d  by b o i l i n g  2 vo lu m e s  o f  

p r o t e in  w i t h  1 vo lu m e  o f  an  S D S / 2 - m e rc a p to e th a n o l m ix tu re  

f o r  3 m in u te s  such  t h a t  5 0 u l o f  th e  f i n a l  m ix tu r e  c o n 

t a in e d  c . 4 . 7 5  x 10 2 u n i t s  o f  l i g n i n a s e .  The p r o t e in s  

w e re  th e n  s e p a r a te d  u s in g  a LKB  d is c o n t in u o u s  e l e c t r o l y t e
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sys te m  (L a e m m li,  1970)  e m p lo y in g  a 3 .7%  a c r y la m id e  

s t a c k in g  g e l  and a 10 .0%  a c r y la m id e  r e s o l v in g  g e l .

E a c h  g e l  was ru n  f o r  a p p r o x im a te ly  1 h o u r  a t  a 

c o n s t a n t  c u r r e n t  o f  25 .0  mA u s in g  a ru n n in g  b u f f e r  o f  

0.025M t r is / 0 .1 9 2 M  g l y c i n e  pH 6 .8  c o n t a in in g  c . 0 . 1 %  

b rom op heno l b lu e  t o  v i s u a l i s e  th e  ru n n in g  f r o n t  o f  th e  

g e l .  When th e  l a t t e r  had  re a c h e d  t h e  i n t e r f a c e  w i t h  th e  

r e s o l v i n g  g e l ,  th e  g e l  w as th e n  ru n  a t  a c o n s t a n t  c u r r e n t  

o f  30 .0  mA f o r  a f u r t h e r  3 h o u rs  o r  so  u n t i l  t h e  ru n n in g  

f r o n t  r e a c h e d  a b o u t 0 .7 cm fro m  th e  b o tto m  o f  t h e  g e l  

( N . B .  D im e n s io n s  o f  g e l s  w e re : S t a c k in g  g e l  - c . 3 . 5 c m

lo n g ;  R e s o lv in g  g e l  - c . 1 1 .0cm lo n g ;  W id th  - 20 .0cm;  

T h ic k n e s s  - 0 . 2 5 cm ) .

A ra n g e  o f  m a rk e rs  o f  known m o le c u la r  w e ig h t  w e re  

ru n  s im u l t a n e o u s ly  ( s e e  A p p e n d ix  I I )  so t h a t  t h e  m o le c u la r  

w e ig h t  o f  th e  unknown p r o t e in s  was a b le  to  be d e te rm in e d ;  

th e  p r o t e in s  b e in g  v i s u a l i s e d  a f t e r  o v e r n ig h t  s t a i n i n g  in  

0 .03% C o o m ass ie  B lu e  ( B r i l l i a n t  B lu e  R ) .

2 . 5 . 2  S p e c t r a l  p r o p e r t i e s

The U V / v i s i b l e  a b s o r p t io n  s p e c t r a  o f  c o n c e n t r a t e d  

p r e p a r a t io n s  o f  l i g n i n a s e  w e re  r o u t i n e l y  p e r fo rm e d  

b e tw e e n  250nm and 650nm u s in g  a P e r k in  E lm e r  PE-555  

s p e c t ro p h o to m e te r .  S a m p le s  w e re  d i l u t e d ,  i f  n e c e s s a r y ,  

su ch  t h a t  when t h e y  w e re  p la c e d  i n  q u a r tz  c u v e t t e s  w i t h  a 

lcm  l i g h t  p a th ,  t h e  maximum a b s o rb a n c e  d id  n o t  e x c e e d  1 .5
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2 . 5 . 3  D e te r m in a t io n  o f  pH o p tim a

The pH optim um  o f  c o n c e n t r a t e d  p r e p a r a t io n s  o f  

l i g n in a s e  w e re  d e te rm in e d  b y  m e a s u r in g  th e  i n i t i a l  r a t e s  

o f  v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  b e tw e e n  pH 2 .0  and 

pH 4 . 4 .  V e r a t r y l  a l c o h o l  o x id a s e  a s s a y s  w e re  c a r r i e d  o u t  

a s  d e s c r ib e d  i n  S e c t io n  2 . 2 . 2  u s in g  p h o sp h a te  b u f f e r  

o v e r  th e  e n t i r e  pH r a n g e .

2 . 5 . 4  E f f e c t  o f  m e ta l io n s  on l i g n in a s e  a c t i v i t y

The e f f e c t  o f  m e ta l  io n s  upon l i g n in a s e  a c t i v i t y  

was i n v e s t i g a t e d  u s in g  c o n c e n t r a t e d  l i g n in a s e  

p r e p a r a t io n s  p ro d u ce d  fro m  a g i t a t e d  c u l t u r e s  o f  P . 

c h r y s o s p o r iu m . L ig n in a s e  a c t i v i t y  w as m easu red  th r o u g h 

o u t  as  d e s c r ib e d  i n  S e c t io n  2 . 2 . 2 .

I n i t i a l l y ,  t h e  e f f e c t  o f  a ra n g e  o f  m e ta l io n s  was 

in v e s t ig a t e d  u s in g  a c o n c e n t r a t e d  l i g n in a s e  p r e p a r a t io n  

w h ic h  had b een  p ro d u c e d  b y p o o l in g  f i v e  s u c c e s s iv e  c o n 

c e n t r a t e d  h a r v e s t s  fro m  a fo a m - im m o b ilis e d  s e m i- c o n t in u o u s  

c u l t u r e  o f  P .  c h r y s o s p o r iu m  ( s e e  S e c t io n  2 . 4 . 2 ) .  I n  t h i s  

i n i t i a l  i n v e s t i g a t i o n ,  th e  c o n c e n t r a t io n  o f  th e  m e ta l io n s  

was l.Om M . In  a d d i t i o n a l  e x p e r im e n ts  u s in g  th e  same 

p r e p a r a t io n  o f  l i g n i n a s e ,  th e  e f f e c t  o f  c o n c e n t r a t io n  o f  

one o f  th e  m e ta l io n s  upon l i g n in a s e  a c t i v i t y  was a l s o  

i n v e s t i g a t e d .  From  th e  l a t t e r  r e s u l t s ,  a s ta n d a rd  

c o n c e n t r a t io n  o f  one m e ta l  io n  was ch o se n  f o r  a l l  f u t u r e  

e x p e r im e n ts  i n v o l v i n g  th e  e f f e c t  o f  m e ta l io n s  upon 

l i g n in a s e  a c t i v i t y .
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As a c o m p a r is o n , t h e  e f f e c t  o f  m e ta l io n s  was th e n  

in v e s t ig a t e d  upon c o n c e n t r a t e d  l i g n in a s e  p re p a re d  fro m  

a g i t a t e d  c u l t u r e s  o f  P .  c h r y s o s p o r iu m  w h ic h  c o n ta in e d  no 

cub es  o f  foam , and a l s o ,  u s in g  c o n c e n t r a t e d  l i g n in a s e  

p r e p a r a t io n s  fro m  e a ch  o f  th e  f i r s t  f i v e  s u c c e s s iv e  

h a r v e s t s  u s in g  fo a m - im m o b ilis e d  s e m i- c o n t in u o u s  c u l t u r e s  

o f  P . c h r y s o s p o r iu m .

In  a d d i t i o n ,  t o  d e te r m in e  w h e th e r  th e  e f f e c t  o f  

m e ta l io n s  upon l i g n in a s e  a c t i v i t y  was p H - d e p e n d e n t, a pH 

optim um  d e t e r m in a t io n  e x p e r im e n t  was c a r r i e d  o u t  as 

d e s c r ib e d  i n  S e c t io n  2 . 5 . 3  u s in g  th e  p o o le d  c o n c e n t r a t e d  

l i g n in a s e  p r e p a r a t io n  r e f e r r e d  to  a b o v e , i n  t h e  p re s e n c e  

and a b se n ce  o f  1 . OmM Mg2 + .

2 . 5 . 5  D e te r m in a t io n  o f  t h e  K f o r  H20 2 in  t h e  p re s e n c e
and a b se n c e  o f  Mgz +

The Km f o r  H20 2 was d e te rm in e d  by f i r s t  p l o t t i n g  

th e  e f f e c t  o f  c o n c e n t r a t io n  o f  H20 2 a g a in s t  t h e  r a t e  o f  

v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  and th e n  p e r fo rm in g  a 

L in e w e a v e r - B u r k  d o u b le  r e c i p r o c a l  p l o t  ( L in e w e a v e r  and

B u rk  1934)  t o  f a c i l i t a t e  t h e  c a l c u l a t i o n  o f  th e  K v a lu e .m

T h is  e x p e r im e n t  w as c a r r i e d  o u t  u s in g  p o o le d  

c o n c e n t r a te d  l i g n in a s e  p ro d u ce d  from  th e  s e m i- c o n t in u o u s  

c u l t u r e  o f  P .  c h r y s o s p o r iu m  ( s e e  S e c t io n  2 . 4 . 2 )  and, 

o th e r  th a n  th e  v a r i a t i o n  i n  H20 9 c o n c e n t r a t io n ,  l i g n in a s e  

a c t i v i t y  was m easu red  a s  d e s c r ib e d  i n  S e c t io n  2 . 2 . 2 .

To d e te rm in e  w h e th e r  m e ta l io n s  had a n y  e f f e c t  

upon th e  Km f o r  H20 2 , t h e  e x p e r im e n t  o u t l in e d  ab o ve  was
O a j-

c a r r i e d  o u t  i n  th e  p r e s e n c e  and a b se n ce  o f  1 . OmM Mg
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2 . 5 . 6  D e t e r m in a t io n  o f  th e  K f o r  v e r a t r y l  a l c o h o l  in  
th e  p r e s e n c e  and a b se n c e  o f  Mg +

The f o r  v e r a t r y l  a l c o h o l  was d e te rm in e d  by

f i r s t  p l o t t i n g  th e  e f f e c t  o f  a ra n g e  o f  d i f f e r e n t

c o n c e n t r a t io n s  o f  v e r a t r y l  a l c o h o l  upon th e  r a t e  o f

v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  and  th e n  p e r fo rm in g  a

Lineweaver-Burk double reciprocal plot (Lineweaver and
B u rk  1934)  t o  f a c i l i t a t e  th e  c a l c u l a t i o n  o f  t h e  K v a lu e .m

T h is  e x p e r im e n t  was c a r r i e d  o u t  u s in g  p o o le d  

c o n c e n t r a t e d  l i g n in a s e  p ro d u ce d  fro m  th e  s e m i- c o n t in u o u s  

c u l t u r e  o f  P .  c h r y s o s p o r iu m  ( s e e  S e c t io n  2 . 4 . 2 ) ;  and 

o th e r  th a n  th e  v a r i a t i o n  i n  v e r a t r y l  a lc o h o l  c o n c e n 

t r a t i o n ,  l i g n i n a s e  a c t i v i t y  w as m easu red  as  d e s c r ib e d  in  

S e c t io n  2 . 2 . 2 .

To d e te r m in e  w h e th e r  m e ta l  io n s  had a n y  e f f e c t  

upon th e  f o r  v e r a t r y l  a l c o h o l ,  t h e  e x p e r im e n t  o u t l in e d  

ab o ve  was c a r r i e d  o u t  i n  th e  p r e s e n c e  and a b s e n c e  o f  

1 . OmM Mg2+.

2 . 5 . 7  D e t e r m in a t io n  o f  th e  p r o t e in  c o n c e n t r a t io n  u s in g  
th e  B r a d fo r d  m ethod  o f  p r o t e in  e s t im a t io n

The concentration of protein in the concentrated
l i g n in a s e  p r e p a r a t io n s  r e f e r r e d  t o  i n  t h i s  s e c t io n  w e re

d e te rm in e d  u s in g  th e  m ethod  o f  B r a d fo r d  ( 1 9 7 6 ) .  B o v in e

Serum  A lb u m in  ( F r a c t i o n  V ) was u se d  as  th e  s t a n d a r d .
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2 . 5 . 8  TCA p r e c i p i t a t i o n  o f  c o n c e n t r a t e d  i i g n in a s e  
p r e p a r a t io n s  i n  o r d e r  t o  d e te rm in e  th e  % 
c a r b o h y d r a te  p r e s e n t  r e l a t i v e  t o  p r o t e in  i n  th e  
p r o t e in s  p r e s e n t  in  th e  l i g n in a s e  p r e p a r a t io n

I t  was fo u n d  t h a t  t o  d e te rm in e  th e  r e a l  %

c a r b o h y d r a te  p r e s e n t  r e l a t i v e  to  p r o t e in  in  t h e  p r o t e in s

p r e s e n t  i n  th e  l i g n in a s e  p r e p a r a t io n ,  i t  was n e c e s s a r y  t o

s e p a r a t e  th e  p r o t e in s  fro m  c o n ta m in a t in g  c a r b o h y d r a t e

a l s o  p r e s e n t  i n  th e  c o n c e n t r a t e d  l i g n in a s e  p r e p a r a t io n s .

T h is  was a c h ie v e d  by p r e c i p i t a t i n g  th e  p r o t e in s  o u t  o f

s o lu t io n  u s in g  a 10.0% TCA s o lu t i o n  p re - h e a te d  t o

c . 7 0 . 0 ° C .  H o t TCA was added  to  c o n c e n t r a t e d  l i g n in a s e

p r e p a r a t io n s  u n t i l  no f u r t h e r  m a t e r i a l  was a b le  t o  be

p r e c ip i t a t e d  o u t  o f  s o lu t i o n .  P r e c i p i t a t e d  m a t e r i a l  was

th e n  rem oved  b y  c e n t r i f u g a t i o n  and re su s p e n d e d  i n  a

minimum vo lu m e  o f  d i s t i l l e d  w a t e r ;  t h e  c o n c e n t r a t io n  o f

c a r b o h y d r a te  and p r o t e in  i n  th e  re su s p e n d e d  m a t e r i a l  was

th e n  d e te rm in e d  a s  d e s c r ib e d  i n  S e c t io n s  2 . 2 . 7  and  2 . 5 . 7 ,

r e s p e c t i v e l y .

2 .6  C h a r a c t e r i s a t i o n  o f  t h e  p r o p e r t i e s  o f  th e  is o z y m e s  
o f  l i g n i n a s e  a f t e r  p u r i f i c a t i o n  b y  a n io n - e x c h a n g e  
ch ro m a to g ra p h y

2 . 6 . 1  D e te r m in a t io n  o f  pH o p tim a

The d e t e r m in a t io n  o f  th e  pH o p tim a  o f  th e  iso z y m e s  

o f  l i g n in a s e  was c a r r i e d  o u t  as  d e s c r ib e d  in  S e c t io n

2 . 5 . 3 .  To c o n f ir m  th e  a c c u r a c y  and r e p r o d u c i b i l i t y  o f  

th e s e  r e s u l t s ,  f i v e  v e r a t r y l  a lc o h o l  o x id a s e  a s s a y s  w e re  

p e r fo rm e d  f o r  e a ch  pH v a lu e  o v e r  a c r i t i c a l  r e g io n  o f  th e  

pH c u r v e  o f  one is o z y m e , and a l s o ,  th e  pH optim um  o f  one 

o f  th e  is o z y m e s  o f  l i g n in a s e  was d e te rm in e d  n o t  o n ly
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u s in g  20.0mM p h o sp h a te  b u f f e r ,  b u t  a l s o  u s in g  20.0mM 

g ly c in e / H C l  b u f f e r  o v e r  t h e  same pH ra n g e .

2 . 6 . 2  E f f e c t  o f  m e ta l io n s  on l i g n in a s e  a c t i v i t y  a t  pH
2 .5  and  pH 3 .0

The e f f e c t  o f  m e ta l io n s  on l i g n in a s e  a c t i v i t y  was 

exam ined  d i r e c t l y  on th e  iso z y m e s  o f  l i g n in a s e  as  t h e y  

w e re  s e p a r a t e d  by t r i s - a c r y l  DEAE s e p h a ro s e  ch ro m a to g ra p h y  

( s e e  S e c t io n  2 . 4 . 2 ) .  D u r in g  th e  p u r i f i c a t i o n  p ro c e d u re ,  

e v e r y  t h i r d  f r a c t i o n  c o l l e c t e d  was a s s a y e d  e s s e n t i a l l y  a s  

d e s c r ib e d  i n  S e c t io n  2 . 2 . 2 ,  e x c e p t  t h a t  20.0mM p h o sp h a te  

b u f f e r  was u sed  a t  pH 2 .5  and pH 3 .0  and a l l  a s s a y s  w e re  

c a r r i e d  o u t  b o th  in  th e  p re s e n c e  and a b se n ce  o f  l.OmM 

Mg . The f i n a l  pH o f  th e  a s s a y  i t s e l f  was c o n f irm e d  u s in g  

pH i n d i c a t o r  p a p e r .

2 . 6 . 3  A s se s sm e n t o f  p u r i t y  and d e t e r m in a t io n  o f  th e  
m o le c u la r  w e ig h ts  o f  th e  is o z y m e s  o f  l i g n in a s e

The a s s e s s m e n t o f  th e  p u r i t y  o f  th e  iso z ym e s  o f  

l i g n in a s e  a f t e r  tw o  s e r i e s  o f  a n io n - e x c h a n g e  ch rom a

to g r a p h y ,  and  a l s o  th e  d e t e r m in a t io n  o f  th e  m o le c u la r  

w e ig h t  o f  e a c h  o f  t h e  is o z y m e s , w e re  s im u l t a n e o u s ly  

r e s o lv e d  b y  S D S - p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s .  T h is  

was c a r r i e d  o u t  as  d e s c r ib e d  in  S e c t io n  2 . 5 . 1 .

2 . 6 . 4  D e te r m in a t io n  o f  th e  i s o e l e c t r i c  p o in t s  o f  th e  
is o z y m e s  o f  l i g n in a s e

To d e te rm in e  th e  i s o e l e c t r i c  p o in t s  o f  th e  

iso z ym e s  o f  l i g n i n a s e ,  f l a t - b e d  i s o e l e c t r i c  f o c u s in g  was 

c a r r i e d  o u t  as  d e s c r ib e d  by W in t e r  e t  a l .  ( 1 9 7 7 ) .  The
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iso z ym e s  w e re  fo c u s e d  on a pH g r a d ie n t  fro m  pH 3 .5  t o  pH 

9 . 5 ,  u s in g  LKB 1804-101 PAG p l a t e s  on an  LKB i s o e l e c t r i c  

f o c u s in g  a p p a r a tu s .  A f t e r  f o c u s in g  f o r  90 m in u te s  a t  

10 °C  w i t h  a c o n s t a n t  pow er b e in g  a p p l ie d  o f  3 0 . 0W, th e  

a c t u a l  pH g r a d ie n t  was m e a su re d  u s in g  a P y e  s u r f a c e  pH 

e l e c t r o d e ,  and  th e  p r o t e in  b and s w e re  th e n  v i s u a l i s e d  by 

s t a i n i n g  w i t h  C o o m ass ie  B lu e  ( B r i l l i a n t  B lu e  R ) .

2 . 6 . 5  Am ino a c id  a n a l y s i s  o f  an iso z ym e  o f  l i g n in a s e  

The am ino  a c id  a n a l y s i s  o f  th e  m ost a b u n d a n t 

iso z ym e  o f  l i g n i n a s e ,  Is o z ym e  I  ( S ee  S e c t io n  3 . 3 ) ,  was 

d e te rm in e d  u s in g  a C h rom aspek  am ino a c id  a n a ly s e r  

(R a n k - H i lg e r  L t d . ,  M a rg a te ,  K e n t ) .  The sam p le  to  be 

a n a ly s e d  was i n j e c t e d  o n to  a co lum n p a ck e d  w i t h  8% 

c r o s s - l in k e d  s u lp h o n a te d  p o ly s t y r e n e  r e s i n  b e a d s . The 

am ino  a c id s  w e re  th e n  s e p a r a t e d  by e l u t i n g  w i t h  a pH 

g r a d ie n t  fo rm ed  u s in g  l i t h i u m  b u f f e r s .  On e l u t i o n  fro m  

th e  co lu m n , t h e  am ino  a c id s  w e re  r e a c t e d  w i t h  a m ix tu r e  

o f  2 - m e rc a p to e th a n o l and o r t h o  p k t h a ly ld ia ld e h y d e  in  

b o r a t e  b u f f e r  a t  pH 1 0 .0 ,  t o  fo rm  is o - e n d o l  am ino a c id  

d e r i v a t i v e s .  The l a t t e r  a r e  l i g h t l y  f l u o r e s c e n t  com pounds 

w h ic h  a r e  d e t e c t e d  b y  th e  in s t r u m e n t 's  b u i l t - i n  f l u o r i -  

m e t e r .

The in s t r u m e n t  was c a l i b r a t e d  by i n j e c t i n g  a 

m ix tu r e  c o n t a in in g  50.0nM o f  e a ch  o f  24 am ino  a c id s .  

Sam p le  am ino a c id  d e t e r m in a t io n s  w e re  made by co m p a r in g  

p eak  a r e a s  o b t a in e d  from  th e  sam p le  and th e  c a l i b r a t i o n  

m ix tu re  u s in g  an  a u to m a t ic  p ea k  i n t e g r a t o r .  A l l  s a m p le s  

c o n ta in e d  N o r - le u c in e  a s  t h e  i n t e r n a l  s t a n d a r d .
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2.7 Isolation and a partial characterisation of the 
properties of an inhibitor of ligninase

2 . 7 . 1  I n t r o d u c t io n

In  The R e s u l t s  s e c t i o n  o f  t h i s  t h e s i s ,  i t  w i l l  be 

shown t h a t  th e  l a s t  f r a c t i o n  to  be e lu t e d  fro m  th e  t r i s -  

a c r y l  DEAE s e p h a ro s e  a n io n - e x c h a n g e  co lum n c o n ta in e d  an 

i n h i b i t o r  o f  l i g n in a s e  a c t i v i t y .  I n  t h i s  s e c t i o n ,  th e  

m ethods u sed  t o  i n v e s t i g a t e  t h e  p r o p e r t i e s  o f  t h i s  

i n h i b i t o r  a r e  d e s c r ib e d .

2 . 7 . 2  D e m o n s t r a t io n  o f  th e  i n h i b i t i o n  o f  l i g n in a s e  

The i n h i b i t i o n  o f  l i g n i n a s e  b y  th e  l a s t  f r a c t i o n

e lu t e d  fro m  t h e  t r i s - a c r y l  DEAE s e p h a ro s e  a n io n - e x c h a n g e  

co lum n  was d e m o n s tra te d  b y  a s s a y in g  one o f  th e  iso z y m e s  o f  

l i g n i n a s e  i n  t h e  p re s e n c e  o f  a ra n g e  o f  c o n c e n t r a t io n s  o f  

th e  t e s t  m a t e r i a l .  L ig n in a s e  a c t i v i t y  was m easu red  as  

d e s c r ib e d  i n  S e c t io n  2 . 2 . 2 .

2 . 7 . 3  E f f e c t  o f  pH on th e  i n h i b i t i o n  o f  l i g n in a s e  
a c t i v i t y  i n  th e  p r e s e n c e  and  a b s e n c e  o f  1 . OmM Mg2

To d e te r m in e  w h e th e r  t h e  i n h i b i t i o n  o f  l i g n in a s e

was p H - d e p e n d e n t , and a l s o  t o  d e te rm in e  w h e th e r  th e

p re s e n c e  o f  Mg io n s  had a n y  e f f e c t  on t h e  i n h i b i t i o n  o f

l i g n i n a s e ,  p u r i f i e d  l i g n in a s e  ( s e e  S e c t io n  2 . 4 )  was

a s s a y e d  a s  d e s c r ib e d  in  S e c t io n  2 . 5 . 3 ,  e x c e p t  i n  th e

p re s e n c e  o f  t h e  minimum i n h i b i t o r y  c o n c e n t r a t io n  o f  th e

i n h i b i t o r  a s  d e te rm in e d  b y  th e  m ethod d e s c r ib e d  i n  S e c t io n

2 . 7 . 2 ,  and a l s o  i n  th e  p r e s e n c e  and a b s e n c e  o f  1 . OmM Mg2+.
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2 . 7 . 4  D e t e r m in a t io n  o f  th e  p re s e n c e  o f  u r o n ic  a c id s

To d e te rm in e  w h e th e r  i t  was p o s s ib le  to  d e t e c t

u r o n ic  a c id s  in  th e  i n h i b i t o r  m a t e r i a l ,  a s p e c i f i c  a s s a y  

f o r  th e  d e t e r m in a t io n  o f  u r o n ic  a c id s  was c a r r i e d  o u t  as  

d e s c r ib e d  b y  S c o t t  ( 1 9 7 9 ) .  In  t h i s  a s s a y ,  u r o n ic  a c id s  

a r e  h y d r o ly s e d  w i t h  c o n c e n t r a t e d  s u lp h u r i c  a c id  to  p ro d u ce  

5 - fo r m y l- 2 - fu r a n c a r b o x y l ic  a c id .  The l a t t e r  th e n  r e a c t s  

w i t h  a c o lo u r im e t r i c  r e a g e n t ,  3 , 5 - d im e th y lp h e n o l , to  

p ro d u ce  a c h a r a c t e r i s t i c  ch ro m o p ho re  w i t h  a maximum 

a b s o rb a n c e  a t  450nm.

U s in g  t h i s  a s s a y ,  th e  d i f f e r e n c e  i n  th e  a b s o rb a n c e  

r e a d in g s  b e tw e e n  450nm and 400nm was m easu red  i n  th e  

p re s e n c e  and a b se n c e  o f  b o r a t e  io n s .  An in c r e a s e  i n  th e  

d i f f e r e n c e  i n  th e  a b s o rb a n c e  i n  th e  p r e s e n c e  o f  b o r a t e  

io n s ,  m eans t h a t  th e  u r o n ic  a c id s  d e t e c t e d  h a ve  

u n s u b s t i t u t e d  t h r e o  h y d r o x y l  g ro u p s  a t  t h e  C-3 and C-4 

p o s i t i o n s  ( S c o t t  1979 ) .

2 . 7 . 5  HPLC a n a l y s i s  o f  th e  i n h i b i t o r  c o n t a in in g  m a t e r i a l

To g a in  in f o r m a t io n  on th e  num ber o f  com ponents

p r e s e n t  i n  th e  i n h i b i t o r  f r a c t i o n ,  and  a l s o  to  a s s e s s  

w h e th e r  i t  w o u ld  be p o s s ib le  t o  r a p i d l y  p u r i f y  d i f f e r e n t  

com ponen ts  p r e s e n t  in  s u f f i c i e n t  q u a n t i t i e s  f o r  a m ore 

s p e c i f i c  i d e n t i f i c a t i o n ,  an  a l i q u o t  o f  t h e  m a t e r i a l  was 

a n a ly s e d  u s in g  an  i s o c r a t i c  HPLC s y s te m .

The HPLC a p p a r a tu s  u sed  c o n s is t e d  o f  a V a r ia n  2050 

v a r i a b l e  lam bda d e t e c t o r ;  a V a r ia n  2010 pump; a V a r ia n  

4270 i n t e g r a t o r  and a C18 M ic ro  Pak  MCH-10 4 x 300mm 

co lum n and th e  s y s te m  was u sed  w i t h  a m o b ile  p h ase  o f  25%
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a c e t o n i t r i l e  i n  d i s t i l l e d  w a t e r  a p p l ie d  a t  a c o n s t a n t  f l o w  

r a t e  o f  1 .0  ml p e r  m in u te .  The i n h i b i t o r  m a t e r i a l  was 

f i r s t  f i l t e r e d  th ro u g h  a M i l l i p o r e  45-pm f i l t e r  b e f o r e  

b e in g  lo a d e d  o n to  th e  co lum n and  th e  com p onen ts  s e p a r a te d  

w e re  th e n  m o n ito re d  a t  a w a v e le n g th  o f  230nm.

2 . 7 . 6  E f f e c t  o f  h e p a ra n  s u lp h a t e  on th e  i n h i b i t i o n  o f
l i g n in a s e  a c t i v i t y

I t  w i l l  be shown i n  The R e s u l t s  s e c t i o n  o f  t h i s  

t h e s i s ,  t h a t  i t  was in d e e d  p o s s ib le  t o  show t h a t  u r o n ic  

a c i d ( s )  w e re  p r e s e n t  i n  th e  i n h i b i t o r  f r a c t i o n  ( s e e  

S e c t io n  3 . 5 . 5 ) .  To d e te rm in e  w h e th e r  a t y p i c a l  exam p le  o f  

a p o ly m e r ic  u r o n ic  a c id  w as a b le  t o  s i m i l a r l y  i n h i b i t  

l i g n in a s e ,  th e  v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  o f  a 

p u r i f i e d  iso z ym e  o f  l i g n in a s e  w as d e te rm in e d  i n  th e  

p re s e n c e  o f  a ra n g e  o f  c o n c e n t r a t io n s  o f  h e p a ra n  s u lp h a t e .  

The v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  was d e te rm in e d  

e s s e n t i a l l y  a s  d e s c r ib e d  i n  S e c t io n  2 . 2 . 2 ,  e x c e p t  t h a t  a l l  

th e  a s s a y s  w e re  c a r r i e d  o u t  i n  th e  p re s e n c e  o f  20mM 

p h o sp h a te  b u f f e r  pH 2 . 5 ,  and a l s o ,  lOOjul o f  a s e r i e s  o f  

t e n f o ld  d i l u t i o n s  o f  a 5 .0 m g .m l 1 h e p a ra n  s u lp h a t e  was 

ad d ed , th e  f i n a l  vo lum e o f  t h e  a s s a y  m ix tu r e s  b e in g  1 .0 m l .  

The s to c k  s o lu t i o n  o f  h e p a ra n  s u lp h a t e  was made up in  

d i s t i l l e d  w a t e r ,  and s i m i l a r l y ,  d i s t i l l e d  w a te r  was a l s o  

u sed  t o  c a r r y  o u t  a l l  d i l u t i o n s  o f  t h i s  s t o c k  s o lu t i o n .

In  a d d i t i o n ,  to  d e t e r m in e  w h e th e r  a n y  i n h i b i t i o n  o f  

l i g n in a s e  c a u s e d  by th e  p r e s e n c e  o f  h e p a ra n  s u lp h a t e  was 

p H - d e p e n d e n t, l i g n in a s e  a c t i v i t y  was a l s o  m easu red  i n  th e  

p re s e n c e  o f  a s i n g l e  c o n c e n t r a t io n  o f  h e p a ra n  s u lp h a t e ,  a t  

pH 3 .0  (u s in g  20mM p h o sp h a te  b u f f e r  pH 3 . 0 ) ;  and f i n a l l y ,
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t o  d e te rm in e  w h e th e r  an y  i n h i b i t i o n  o f  l i g n in a s e  a c t i v i t y

c a u s e d  by th e  h e p a ra n  s u lp h a t e  was a f f e c t e d  b y  th e

p re s e n c e  o f  Mg2+ io n s ,  l i g n i n a s e  a c t i v i t y  was a l s o

m easu red  in  th e  p r e s e n c e  o f  a s in g l e  c o n c e n t r a t io n  o f

h e p a ra n  s u lp h a t e ,  a t  b o th  pH 2 .5  and pH 3 . 0 ,  and in  th e
? +p re s e n c e  o f  1 . OmM Mg .

2 . 7 . 7  E f f e c t  o f  lo w  c o n c e n t r a t io n s  o f  th e  i n h i b i t o r  on
th e  f o r  v e r a t r y l  a l c o h o l

In  an a t t e m p t  t o  d e t e r m in e  th e  n a tu r e  o f  th e  

i n h i b i t i o n  o f  l i g n i n a s e  c a u s e d  b y th e  i n h i b i t o r  f r a c t i o n  

e lu t e d  fro m  th e  t r i s - a c r y l  DEAE s e p h a ro s e  co lu m n , th e  

f o r  v e r a t r y l  a l c o h o l  was d e te rm in e d  in  th e  p r e s e n c e  o f  two 

d i f f e r e n t  c o n c e n t r a t io n s  o f  t h e  i n h i b i t o r  m a t e r i a l  a t  

w h ic h  l i g n in a s e  a c t i v i t y  was p a r t i a l l y  i n h i b i t e d ,  b u t  by 

d i f f e r e n t  e x t e n t s ,  when a s s a y e d  e s s e n t i a l l y  a s  d e s c r ib e d  

i n  S e c t io n  2 . 2 . 2 ,  e x c e p t  i n  t h e  p re s e n c e  o f  20mM p h o sp h a te  

b u f f e r  pH 2 . 5 .  The  Km f o r  v e r a t r y l  a lc o h o l  was a ls o  

d e te rm in e d  in  t h e  a b s e n c e  o f  i n h i b i t o r .

T h ese  e x p e r im e n ts  w e re  c a r r i e d  o u t  u s in g  p u r i f i e d  

l i g n i n a s e  ( s e e  S e c t io n  2 . 4 )  b y  th e  m ethod o u t l i n e d  in  

S e c t io n  2 . 5 . 6 .  The  tw o  c o n c e n t r a t io n s  o f  i n h i b i t o r  u sed  

w e re  5j j 1 and IO j j I  o f  100 t im e s  d i lu t e d  m a t e r i a l  ( r e l a t i v e  

to  th e  c o n c e n t r a t io n  o f  th e  m a t e r i a l  f i r s t  i s o l a t e d  o f f  

th e  t r i s - a c r y l  DEAE s e p h a ro s e  co lu m n ; s e e  S e c t io n  3 . 3 . 1 )  

i n  a t o t a l  a s s a y  vo lu m e  o f  1 .0 m l.
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3. R E S U L T S

3 .1  P r o d u c t io n  o f  l i g n in a s e  u s in g  s t a t i o n a r y  subm erged  
c u l t u r e s  o f  P . c h ry s o s p o r iu m

3 . 1 . 1  P r o d u c t io n  o f  l i g n in a s e  i n  th e  p re s e n c e  and
a b se n ce  o f  a g a r  as  an im m o b i l i s a t io n  s u p p o r t

The im m o b i l i s a t io n  o f  P .  c h r y s o s p o r iu m  in  a g a r  was 

i n v e s t i g a t e d  p r im a r i l y  a s  a f i r s t  e x p e r im e n t  t o  d e te rm in e  

w h e th e r  i t  w o u ld  be p o s s ib le  t o  u se  th e  same f u n g a l  b io 

mass t o  p ro d u ce  more th a n  one h a r v e s t  o f  l i g n i n a s e .  

H o w e ve r , h a v in g  im m o b il is e d  t h e  fu n g u s  in  th e  a g a r ,  th e  

i n i t i a l  o b j e c t i v e s  w e re  f i r s t  t o  d e te rm in e  w h e th e r  th e  

a g a r - im m o b i l is e d  c u l t u r e s  w e re  s t i l l  a b le  t o  p ro d u ce  

l i g n i n a s e ,  and s e c o n d ly  to  d e te rm in e  w h e th e r  th e  a g a r  was 

a s t a b l e  im m o b i l i s a t io n  s u p p o r t .

To a n sw e r th e  f i r s t  q u e s t io n ,  two s e t s  o f  f l a s k s  

w e re  s e t  up as  d e s c r ib e d  i n  S e c t io n  2 . 2 . 3 .  One s e t  o f  

f l a s k s  c o n ta in e d  " o r d in a r y "  l i q u i d  c u l t u r e s  o f  P . 

c h r y s o s p o r iu m  ( T i e n  and K i r k ,  1 9 8 3 ) ;  and th e  o t h e r  s e t  

c o n t a in e d  c u l t u r e s  im m o b il is e d  i n  a g a r .  L ig n in a s e  

a c t i v i t y  in  th e  e x t r a c e l l u l a r  c u l t u r e  f l u i d s  was th e n  

m e a su re d  e v e r y  24 h o u rs  a s  d e s c r ib e d  in  S e c t io n  2 . 2 . 2 .

The r e s u l t s  a r e  p re s e n te d  in  F i g . 4.

F o r  b o th  c u l t u r e s ,  no l i g n in a s e  a c t i v i t y  was 

d e t e c t e d  d u r in g  th e  f i r s t  tw o  t o  t h r e e  d a y s  a f t e r  

i n o c u l a t i o n .  A f t e r  t h i s  p e r io d ,  l i g n in a s e  show ed an  

a lm o s t  s y m m e t r ic a l  r i s e  and f a l l  i n  a c t i v i t y  w i t h  th e
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Fig. 4 Production o-f veratryl alcohol oxidase activity by 
stationary cultures o-f P ~ c h r y s o s o o r  iuis incubated with and without 
acar as an immobilisation support

Culture conditions were as described in Section 2.2.3, with 
veratryl alcohol oxidase activity being measured as described in 
Section 2.2.2. Each point represents the mean o-f three replicates;
S.D.= ±107..
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m a x i m u m  a c t i v i t y  b e i n g  d e t e c t e d  f i v e  d a y s  a f t e r  

i n o c u l a t i o n .  I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  l i q u i d  

c u l t u r e s  o f  P .  c h r y s o s p o r i u m  p r o d u c e d  a p p r o x i m a t e l y  t w i c e  

t h e  l e v e l  o f  l i g n i n a s e  a c t i v i t y  c o m p a r e d  t o  t h e  a g a r -  

i m m o b i l i s e d  c u l t u r e s ;  a  d i f f e r e n c e  w h i c h  m a y  r e f l e c t  t h e  

d i l u t i o n  e f f e c t  o f  t h e  d i s t i l l e d  w a t e r  t o p  l a y e r  u s e d  i n  

t h e  a g a r - i m m o b i l i s a t i o n  t e c h n i q u e .

H a v i n g  e s t a b l i s h e d  t h a t  a g a r - i m m o b i l i s e d  c u l t u r e s  

o f  P .  c h r y s o s p o r i u m  w e r e  i n d e e d  a b l e  t o  p r o d u c e  l i g n i n a s e  

a c t i v i t y ,  a l b e i t  a t  a  l o w e r  l e v e l  t h a n  t h e  l i q u i d  c u l t u r e  

c o n t r o l  f l a s k s  u n d e r  t h e  c u l t u r e  c o n d i t i o n s  u s e d ,  t h e  

n e x t  q u e s t i o n  t o  a n s w e r  w a s  t o  d e t e r m i n e  w h e t h e r  t h e  a g a r  

w a s  a  s t a b l e  i m m o b i l i s a t i o n  s u p p o r t .  S i n c e  a g a r  i s  

c o m p o s e d  p r e d o m i n a n t l y  o f  c h a i n s  o f  g a l a c t o s e  s u g a r s  

( D a v i s ,  1 9 8 0 ) ,  i t  w a s  d e c i d e d  t h a t  a t  l e a s t  o n e  m e t h o d  o f  

a s s e s s i n g  t h e  s t a b i l i t y  o f  t h e  a g a r  w o u l d  b e  t o  c o m p a r e  

t h e  l e v e l  o f  t h e  f r e e  c a r b o h y d r a t e  i n  t h e  e x t r a c e l l u l a r  

m e d i u m  p r o d u c e d  b y  t h e  t w o  m e t h o d s  o f  c u l t u r e .  T h i s  w a s  

m e a s u r e d  e v e r y  2 4  h o u r s  a s  d e s c r i b e d  i n  S e c t i o n  2 . 2 . 7 .

As  a  c o n t r o l ,  c a r b o h y d r a t e  l e v e l s  w e r e  m o n i t o r e d  

i n  u n i n o c u l a t e d  f l a s k s  i n c u b a t e d  i n  t h e  s a m e  w a y  t o  

e n s u r e  t h a t  t h e  a g a r  w a s  n o t  l e a c h i n g  s u g a r s  w h i c h  w o u l d  

b e  d e t e c t e d  b y  t h e  c a r b o h y d r a t e  a s s a y .  I n  a d d i t i o n ,  

s i n c e  t h e  c a r b o h y d r a t e  a s s a y  i s  n o n - s p e c i f i c  ( D u b o i s  e t  

a l . ,  1 9 5 6 ) ,  a n d  t h u s  a l s o  r e s p o n d s  t o  t h e  g l u c o s e  p r o 

v i d e d  i n  t h e  m e d i u m  ( A p p e n d i x  I ) ,  a  s p e c i f i c  a s s a y  w a s  

c a r r i e d  o u t  t o  m o n i t o r  t h e  c o n s u m p t i o n  o f  g l u c o s e  

t h r o u g h o u t  t h e  c o u r s e  o f  t h e  e x p e r i m e n t  ( s e e  S e c t i o n
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2 . 2 . 6 ) .  F o r  c o m p a r i s o n ,  t h e  c o n c e n t r a t i o n  o f  e x t r a 

c e l l u l a r  c a r b o h y d r a t e  a n d  g l u c o s e  i n  s t a n d a r d  l i q u i d  

c u l t u r e s  w a s  a l s o  d e t e r m i n e d .

T h e  r e s u l t s  o f  b o t h  o f  s e t s  o f  t h e s e  a s s a y s  f o r  

l i q u i d  a n d  a g a r - i m m o b i l i s e d  c u l t u r e s  a r e  p r e s e n t e d  i n  

F i g . 5 .  C a l i b r a t i o n  c u r v e s  f o r  t h e  P h e n o l / S u l p h u r i c  A c i d  

m e t h o d  f o r  t h e  d e t e r m i n a t i o n  o f  c a r b o h y d r a t e  c o n c e n 

t r a t i o n ,  a n d  f o r  t h e  G l u c o s e  O x i d a s e / P e r o x i d a s e - m e t h o d  

w e r e  l i n e a r  o v e r  t h e  r a n g e  o f  0 - 7 0 p g ,  a n d  0 - 1 % ,  

r e s p e c t i v e l y .

I t  c a n  b e  s e e n  t h a t  f o r  t h e  l i q u i d  c u l t u r e s  o f  P . 

c h r y s o s p o r i u m , t h e  l e v e l  o f  t o t a l  c a r b o h y d r a t e  i n  t h e  

e x t r a c e l l u l a r  m e d i u m  d o e s  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  

t h e  l e v e l  o f  g l u c o s e  d u r i n g  t h e  s e v e n  d a y  p e r i o d  

m o n i t o r e d .  H o w e v e r ,  f o r  t h e  a g a r - i m m o b i l i s e d  c u l t u r e s ,  

a f t e r  a n  i n c u b a t i o n  p e r i o d  o f  t h r e e  d a y s ,  t h e  l e v e l  o f  

c a r b o h y d r a t e  i s  a p p r o x i m a t e l y  t w i c e  t h a t  o f  t h e  g l u c o s e  

c o n c e n t r a t i o n ;  a n d  t h e  d i f f e r e n c e  b e t w e e n  t h e  t w o  l e v e l s  

t h e n  r e m a i n s  c o n s t a n t  o v e r  t h e  r e s t  o f  t h e  p e r i o d  

m o n i t o r e d .  S i n c e  t h e  l e v e l  o f  c a r b o h y d r a t e  d e t e c t e d  i n  

t h e  u n i n o c u l a t e d  f l a s k s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  

t h e  g l u c o s e  c o n c e n t r a t i o n  p r e s e n t  ( d a t a  n o t  s h o w n ) , t h i s  

suggests ^ h a t  d u r i n g  t h e  f i r s t  t h r e e  d a y s  o f  i n c u b a t i o n ,  P . 

c h r y s o s p o r i u m  w a s  a b l e  t o  p a r t i a l l y  s o l u b i l i s e  t h e  a g a r  

i m m o b i l i s a t i o n  s u p p o r t .  T h u s ,  i t  w a s  c o n c l u d e d  t h a t  t h e  

u s e  o f  a g a r  t o  f a c i l i t a t e  t h e  c o n t i n u e d  p r o d u c t i o n  o f  

s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e  f r o m  t h e  s a m e  f u n g a l  

b i o m a s s  o f  P .  c h r y s o s p o r i u m  w a s  n o t  i d e a l ,  a n d  t h a t  a n
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Fig. 5 Comparison o-f the extracallular glucose and total 
carbohydrate levels in stationary liquid and agar— immobilised 
cultures o-f P  . c h r v  s o s  o o r  i ua

Culture conditions were as described in Section 2.2.3. 
Extracellular glucose concentration was measured by the glucose 
oxidase / peroxidase method as described in Section 2.2.6, and the 
extracallular total carbohydrate concentration was measured by the 
phenol sulphuric acid method as described in Section 2.2.7. Each 
point represents the mean o-f three replicates; S-D.= ±57.
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a l t e r n a t i v e  -  i n e r t  -  i m m o b i l i s a t i o n  s u p p o r t  w a s  r e q u i r e d ;  

s e e  S e c t i o n  3 . 1 . 4 .

I t  s h o u l d  b e  n o t e d  t h a t  t h e  l e v e l  o f  g l u c o s e  

d e t e c t e d  a t  t h e  t i m e  o f  i n o c u l a t i o n  w a s  t w i c e  t h a t  i n  t h e  

l i q u i d  c u l t u r e s  c o m p a r e d  t o  t h a t  i n  t h e  a g a r - i m m o b i l i s e d  

c u l t u r e s ,  a n d  t h a t  t h i s  w a s  d u e  t o  t h e  d i l u t i o n  e f f e c t  o f  

t h e  d i s t i l l e d  w a t e r  t o p  l a y e r  a s  m e n t i o n e d  a b o v e .

3 . 1 . 2  P r o d u c t i o n  o f  l i g n i n a s e  w h e n  u s i n g  a u t o c l a v e d  o r
f i l t e r - s t e r i l i s e d  g l u c o s e

T h r o u g h o u t  t h e  c o u r s e  o f  t h i s  w o r k ,  t h e  s a m e  

e x p e r i m e n t s  w e r e  o f t e n  r e p e a t e d  s e v e r a l  t i m e s  t o  b e  

c e r t a i n  t h a t  t h e  r e s u l t s  o b t a i n e d  w e r e  r e p r o d u c i b l e  a n d  

t h a t  t h e  c o n c l u s i o n s  d r a w n  f r o m  t h e m  w e r e  a t  l e a s t  c o n 

s i s t e n t .  W h i l s t  c o l l a t i n g  d a t a  f o r  t h e  r e s u l t s  p r e s e n t e d  

i n  S e c t i o n  3 . 1 . 1 ,  t h e  o b s e r v a t i o n  w a s  m a d e  t h a t  m o r e  

l i g n i n a s e  a c t i v i t y  w a s  p r o d u c e d  w h e n  u s i n g  a u t o c l a v e d  

g l u c o s e  i n  t h e  m e d i u m  t h a n  w h e n  u s i n g  f i l t e r - s t e r i l i s e d  

g l u c o s e  ( S e e  A p p e n d i x  I ) .

T h e  r e s u l t s  p r e s e n t e d  i n  F i g s . 6 a n d  7  i l l u s t r a t e  

t h e  d i f f e r e n c e s  i n  t h e  l e v e l s  o f  l i g n i n a s e  p r o d u c e d  w h e n  

a u t o c l a v e d  o r  f i l t e r - s t e r i l i s e d  g l u c o s e  w a s  u s e d  i n  e i t h e r  

l i q u i d ,  o r  a g a r - i m m o b i l i s e d  c u l t u r e s ,  r e s p e c t i v e l y .  F o r  

e a c h  s e t  o f  d a t a ,  h o w e v e r ,  t h e  p r o d u c t i o n  o f  l i g n i n a s e  

f o l l o w s  t h e  s a m e  p a t t e r n  w i t h  t i m e ;  a  l a g  p e r i o d  o f  t w o  

t o  t h r e e  d a y s  f o l l o w e d  b y  a  r e l a t i v e l y  s h a r p  r i s e  a n d  f a l l  

i n  t h e  p r o d u c t i o n  o f  l i g n i n a s e  w i t h  t h e  m a x i m u m  a c t i v i t y  

b e i n g  r e a c h e d  f i v e  d a y s  a f t e r  i n o c u l a t i o n .
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Fig. 6 Comoarison of veratrvl alcohol oxidase activity produced 

bv stationary liquid cultures of P.chrysosaoriuD incubated using 

medium containing an autoclaved or filter-sterilised source of 

glucose 

The effect of using autoclaved or filter-sterilised glucose upor. 

the production of veratryl alcohol oxidase activity wa~ carried 

out as described in Section 2.2.4. Each measurement of veratryl 

alcohol o~:idase activity Csee Section 2.2.2) represents the m2an 

of three replicates; S.D.= ±10%. 
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• * = autoclaved glucose
G- 0 = -filter— sterilised

Incubation period / Days

Fig. 6 Comparison o-f veratryl alcohol oxidase 
activity produced by stationary liquid cultures 
o-f P . c h r  y s o s  o a r  i aa> incubated using medium containing 
an autoclaved or -f i 1 ter-ster i 1 i sed source o-f glucose
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Fig- 7- Comparison o-f vgratrvl alcohol oxidase activity p r o d u c e d  

b y  stati pnarVagar—i mmobi 1 i sed cultures o-f P - c h r y s o s o o r  iuv> 

incubated using medium containing an autoclaved or 
i i 11 et— steri 1 i sed source o-F alucose

The e-f-fect o-f using autoclaved or -fi 1 ter-steri 1 ised glucose upon 
the production o-f veratryl alcohol oxidase activity was carried 
out as described in Section .2-2-4. Each measurement o-f veratryl 
alcohol oxidase activity (see Section 2-2-2) represents the mean 
o-f three replicates; S.D.= +107C.
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Fig. 7 Comparison o-F veratryl alcohol oxidase 
activity produced by stationary agar— immobilised 
cultures o-f P . c h r y  s o s  p o r  i uct incubated using medium 
containing an autoclaved or -filter— sterilised
source of glucose
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A s  d e s c r i b e d  i n  S e c t i o n  2 . 2 . 4 ,  t o  d e t e r m i n e  w h e t h e r  

i t  w a s  p o s s i b l e  t o  m i m i c  t h e  e f f e c t s  o f  t h e  a u t o c l a v i n g  o f  

t h e  g l u c o s e ,  a  r a n g e  o f  c o n c e n t r a t i o n s  o f  5 - h y d r o x y  m e t h y l  

f u r f u r a l  w e r e  a d d e d  t o  a  s e t  o f  f i l t e r - s t e r i l i s e d  g l u c o s e  

a g a r - i m m o b i l i s e d  c u l t u r e s  o f  P .  c h r y s o s p o r i u m .

T h e  r e s u l t s  o b t a i n e d  a r e  p r e s e n t e d  i n  F i g . 8 ,  a n d  

s h o w  t h a t  a s  t h e  c o n c e n t r a t i o n  o f  5 - h y d r o x y  m e t h y l  

f u r f u r a l  i n c r e a s e s ,  t h e  m a x i m u m  l i g n i n a s e  a c t i v i t y  

p r o d u c e d  n o t  o n l y  i n c r e a s e s ,  b u t  w o u l d  a l s o  a p p e a r  t o  

r e a c h  i t s  p e a k  l e v e l  e a r l i e r .  H e n c e ,  i t  w a s  c o n c l u d e d  

t h a t  i n c r e a s i n g  l e v e l s  o f  l i g n i n a s e  a c t i v i t y  w e r e  

a p p a r e n t l y  b e i n g  i n d u c e d  b y  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  

5 - h y d r o x y  m e t h y l  f u r f u r a l .

I n  o t h e r  e x p e r i m e n t s ,  w h e r e  t h e  f i n a l  c o n c e n t r a t i o n  

o f  5 - h y d r o x y  m e t h y l  f u r f u r a l  w a s  g r e a t e r  t h a n  5 0 ] i M ,  t h e  

l i g n i n a s e  a c t i v i t y  p r o d u c e d  w a s  f o u n d  t o  b e  l o w e r  t h a n  t h e  

c o n t r o l  c u l t u r e s  w h i c h  c o n t a i n e d  n o  a d d e d  c o m p o u n d ,  

i n f e r r i n g  t h a t  a b o v e  a  c r i t i c a l  c o n c e n t r a t i o n ,  5 - h y d r o x y  

m e t h y l  f u r f u r a l  w a s  i n  f a c t  t o x i c  t o  t h e  f u n g u s  ( D a t a  n o t  

s h o w n ) .

3 . 1 . 3  I n d u c t i o n  o f  l i q n i n a s e  a c t i v i t y  u s i n g  o r g a n o s o l v
l i g n i n

T h e  e f f e c t  o f  o r g a n o s o l v  o n  t h e  p r o d u c t i o n  o f  

l i g n i n a s e  w a s  i n v e s t i g a t e d  a s  d e s c r i b e d  i n  S e c t i o n  2 . 2 . 5 .  

T h e  r e s u l t s  p r e s e n t e d  i n  F i g s .  9 a n d  1 0 ,  i l l u s t r a t e  t h a t  

O r g a n o s o l v  l i g n i n  l e a d s  t o  h i g h e r  l e v e l s  o f  l i g n i n a s e  

b e i n g  p r o d u c e d  i n  b o t h  l i q u i d  a n d  a g a r - i m m o b i l i s e d
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Fig. 3 E-f-fect c-f a range o-f concentrations 
o-r 5-hvdrQ;;y methyl -fur-fural on the production o-f 
veratryl alcohol oxidase activity using stationary

Incubation period / Days

T— ---▼ 10-OjjM
A--___A 7-5 fjM
---.- -tr 50 p M

---- 25 p M

Final concentrati on o-f 

5—hydroxy methyl -fur-fural

•----- - C O N T R O L  (i.e. no 5-hydroxy methyl -fur-fural)

This experiment was carried out as described in Section 2.2.4. 
Each measurement o-f veratryl alcohol oxidase activity (see Section
2.2.2) represents the mean o-f three replicates; S.D.= +10X.



9 9

Fig. 9 Induction o-f veratrvl alcohol oxidase activity in 
stationary liquid cultures o-f P  . c h r y s o s z o r  i u m  incubated in the 
presence o-f organosol v lignin

This experiment was carried oat as described in Section 2-2.5. 
ch measurement o-f veratryl alcohol oxidase activity (see Section
2.2) represents the mean o-f three replicates; S.D.= ±10>£«
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Fig. 9 Induction o-F veratryl alcohol oxidase 
activity in stationary liquid cultures o-f 
P  . c h r y s o s  o o r  i u m  incubated in the presence o-f
organosolv lignin
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Incubation period / Days

Fig. 10 Induction o-f veratryl alcohol oxidase 
activity in stationary agar-immobilised cultures 
o-f P  . c h r y  s o s p o r  i urn incubated in the presence 
o-f orqanosolv lignin

This experiment was carried out as described in Section 2.2.5. 
Each measurement o-f veratryl alcohol oxirdase activity (see Section
2.2.2) represents the mean o-f three replicates; S-D.= ±10'/..
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c u l t u r e s  o f  P .  c h r y s o s p o r i u m , r e s p e c t i v e l y .  F o r  b o t h  s e t s  

o f  c u l t u r e s ,  t h e  p r e s e n c e  o f  t h e  l i g n i n  r e s u l t e d  i n  a n  

a p p r o x i m a t e  d o u b l i n g  o f  t h e  m a x i m u m  l e v e l  o f  l i g n i n a s e  

p r o d u c e d .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  p r e s e n c e  o f  

t h e  l i g n i n  d i d  n o t  a l t e r  t h e  t i m i n g  o f  p e a k  l i g n i n a s e  

a c t i v i t y ,  b u t  d i d  l e a d  t o  a n  a p p a r e n t  s l i g h t  d e l a y  i n  i t s  

i n i t i a l  p r o d u c t i o n .

W h e n  t h e  p a r t i c u l a t e  m a t e r i a l  p r e s e n t  i n  t h e  

o r g a n o s o l v  l i g n i n  p r e p a r a t i o n  w a s  r e m o v e d  b y  f i l t r a t i o n ,  

i t  w a s  f o u n d  t h a t  t h e  f i l t r a t e  w a s  u n a b l e  t o  l e a d  t o  t h e  

p r o d u c t i o n  o f  i n c r e a s e d  y i e l d s  o f  l i g n i n a s e  i n  a  l i q u i d  

c u l t u r e  e x p e r i m e n t £ s u g g e s t i n g  t h a t  i t  w a s  t h e

i n s o l u b l e  m a t e r i a l  t h a t  w a s  u l t i m a t e l y  r e s p o n s i b l e  f o r  t h e  

e l e v a t e d  l e v e l s  o f  l i g n i n a s e  p r o d u c e d  i n  t h e  p r e s e n c e  o f  

t h e  u n f i l t e r e d  p r e p a r a t i o n .

3 . 1 . 4  T h e  u s e  o f  p o l y u r e t h a n e  f o a m  a s  a n  i m m o b i l i s a t i o n
s u p p o r t  f o r  t h e  p r o d u c t i o n  o f  l i g n i n a s e  b y
P . c h r y s o s p o r i u m

I t  w a s  s h o w n  i n  S e c t i o n  3 . 1 . 1 ,  t h a t  P . c h r y s o s p o r i u m  

w a s  a p p a r e n t l y  a b l e  t o  p a r t i a l l y  s o l u b i l i s e  a g a r  w h e n  t h e  

l a t t e r  w a s  u s e d  a s  a n  i m m o b i l i s a t i o n  s u p p o r t ,  a n d  s i n c e  a  

p r e r e q u i s i t e  o f  a n y  i m m o b i l i s a t i o n  s u p p o r t  i s  t h a t  i t  

r e m a i n s  i n e r t  t o  t h a t  o r g a n i s m  c o n t a i n e d  w i t h i n  i t s  

s t r u c t u r e ,  i t  w a s  c o n c l u d e d  t h a t  a g a r  w a s  n o t  s u i t a b l e  a s  

a n  -  i n e r t  -  i m m o b i l i s a t i o n  s u p p o r t .  I n  1 9 8 5 ,  h o w e v e r ,  

T h e p e n i e r  e t  a l . r e p o r t e d  t h e  u s e  o f  p o l y u r e t h a n e  f o a m  a s  

a n  i m m o b i l i s a t i o n  s u p p o r t ,  a n d  t h a t  t h i s  m a t e r i a l  w a s  

r e s i s t a n t  t o  d e g r a d a t i o n  b y  m i c r o o r g a n i s m s .  I t  w a s  t h u s
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d e c i d e d  t o  c a r r y  o u t  a  p i l o t  i n v e s t i g a t i o n ,  t o  d e t e r m i n e  

w h e t h e r  p o l y u r e t h a n e  f o a m  w o u l d  b e  a  m o r e  s u i t a b l e  

i m m o b i l i s a t i o n  s u p p o r t  f o r  P .  c h r y s o s p o r i u m  t h a n  a g a r .

T a b l e  3 s h o w s  t h e  l i g n i n a s e  a c t i v i t y  o b t a i n e d  i n  

t h e  p r e s e n c e  o f  a  r a n g e  o f  d i f f e r e n t  p o l y u r e t h a n e  f o a m s  

w h e n  m e a s u r e d  f i v e  d a y s  a f t e r  i n o c u l a t i o n ,  t h e  d a y  w h e n  

t h e  c o n t r o l  f l a s k s  c o n t a i n i n g  n o  f o a m  r e a c h e d  m a x i m u m  

l i g n i n a s e  a c t i v i t y .

I n  a d d i t i o n  t o  m e a s u r i n g  t h e  l i g n i n a s e  a c t i v i t y  

o b t a i n e d  i n  t h e  p r e s e n c e  o f  t h e  f o a m ,  c u l t u r e s  w e r e  a l s o  

a s s e s s e d  f o r  t h e  p a t t e r n  o f  v i s i b l e  g r o w t h  a n d  t h e  v o l u m e  

o f  e x t r a c e l l u l a r  c u l t u r e  f l u i d  p r o d u c e d  u p o n  d e c a n t i n g  

t h e  f l a s k s ,  a n d  t h e s e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  4 .

F r o m  t h e s e  r e s u l t s ,  i t  w a s  c o n c l u d e d  t h a t  o f  t h e  

p o l y u r e t h a n e  f o a m s  t e s t e d ,  t h a t  d e s i g n a t e d  C o d e  3 3 0 0 A  

m e r i t e d  f u r t h e r  i n v e s t i g a t i o n  a s  a n  i m m o b i l i s a t i o n  

s u p p o r t  t h a t  m i g h t  e v e n t u a l l y  b e  u s e d  t o  p r o d u c e  

s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e  f r o m  t h e  s a m e  f u n g a l  

b i o m a s s .

3.2 Ligninase production using agitated cultures of
P . c h r y s o s p o r i u m

3 . 2 . 1  P r o d u c t i o n  o f  l i g n i n a s e  i n  b a t c h  c u l t u r e  i n  t h e  

p r e s e n c e  a n d  a b s e n c e  o f  p o l y u r e t h a n e  f o a m  a s  a n  
i m m o b i l i s a t i o n  s u p p o r t

T h e  p r o d u c t i o n  o f  l i g n i n a s e  a c t i v i t y  i n  a g i t a t e d  

c u l t u r e s  o f  P .  c h r y s o s p o r i u m  i n c u b a t e d  i n  t h e  p r e s e n c e  

a n d  a b s e n c e  o f  p o l y u r e t h a n e  f o a m  C o d e  3 3 0 0 A  w a s  c o m p a r e d
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Table 3 Production o-f liqninase activity using 
stationary cultures o-f P . c h r y s o s p o r  i u m incubated 
in the presence o-f a range o-f polyurethane -foams

Polyurethane -foam Veratryl alcohol oxidase 
activity / U.ml~x

Relative rate

Control (no -Foam) 5.34 x 10~3 1.00
3300A 1.06 x lO”2 1.99
4200A — —

H4200 3.61 x 10— * 0.07
74165A'□ 5.59 x 10-3 1.04
PR 22 / 60 1.99 x 10— * 0.04

The veratryl alcohol oxidase activities quoted above represent 
the means o-f three replicates, when the cultures were assayed -Five 
days a-fter inoculation. Culture conditions were as described in 
Section 2-2.8, and veratryl alcohol oxidase activity was measured 
as described in Section 2.2.2. The standard deviation between 
replicate cultures was -Found to be ±1051.
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Tab Is 4 Appearance of -fungal growth and recovery 
of extracellular medium -from stationary cultures 
of P • c h r y s o s p o r  iu» incubated in the presence o-f a 
range o-f polyurethane -foams

Polyurethane -foam General comments
3300A Fungal growth entirely restricted to 

withinthe polyurethane -foam, with 
large quantities o-f CDnidia visible 
on the surface o-f the foam. c.3.5ml 
o-f extracellular medium decanted-

4200A No fungal growth visible outside of 
the -foam. No visible conidiation- No 
extracellular medium able to be 
recovered-

H4200 Fungal growth entirely restricted to 
within the foam. No visible 
conidiation. Only c.1.0ml of 
extracellular medium able to be 
recovered-

74165A'□ Some visible conidiation on the 
surface of the foam, with fungal 
hyphe visible having grown outside 
of the foam matrix- c.3.5ml of 
extracellular medium able to be 
recovered-
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Table 4 (contd.)

PR 22 / 60 Foam matrix became reduced in size 
upon autoclaving (by c.1.5cm across 
the diameter o-f the foam disc). Fungal 
hyphae visible having grown outside o-f 
the -foam matrix. No visible 
conidiation. c.S.Oml o-f extracellular 
medium able to be recovered.

These comments refer to the properties o-f the cultures -five days 
after,inoculation; see Section 2.2.8. Where it has been commented 
that conidiation was visible, in all cases this was where the 
■foam was slightly exposed above the surface o-f the liquid medium, 
and the -fungus had grown through the entire matrix o-f the -foam and 
actually above the surface of the liquid medium.
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Fig. 11 Production o-f veratrvl alcohol oxidase activity using 
agitated cultures o-f P  . c h r y s o s o o r  i t m  incubated in the presence and 
absence o-f cubes o-f polyurethane -foam

This experiment was carried out as described in Section 2.3.3. 
Each measurement o-f veratryl alcohol oxidase activity (See 
Sections 2.2.2 and 2.3.2) represents the mean o-f three replicates; 
the standard deviation -for each measurement is indicated on the
-f i gure.
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Fig. 11 Production o-f veratryl alcohol oxidase 
activity using aa itated cultures o-f P  . c h r y  s o s  o a r  iaa 

incubated in the presence and absence o-f cubes
o-f polyurethane foam
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a s  d e s c r i b e d  i n  S e c t i o n  2 . 3 . 3 .  T h e  r e s u l t s  p r e s e n t e d  i n  

F i g .  1 1  s h o w  t h a t  i n  t h e  p r e s e n c e  o f  t h e  f o a m ,  m o r e  

l i g n i n a s e  i s  p r o d u c e d ,  a n d  a l s o ,  t h e  v a r i a t i o n  b e t w e e n  

r e p l i c a t e  f l a s k s  i s  v e r y  m u c h  r e d u c e d .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  p a t t e r n  o f  

l i g n i n a s e  p r o d u c t i o n  i s  t h e  s a m e  f o r  b o t h  s t a t i o n a r y  a n d  

a g i t a t e d  c u l t u r e s  o f  P . c h r y s o s p o r i u m .

3 . 2 . 2  G r o w t h  o f  P .  c h r y s o s p o r i u m  i n  f o a m - i m m o b i l i s e d  
c u l t u r e s

I t  w a s  f o u n d  t h a t  w h e n  P .  c h r y s o s p o r i u m  w a s  

i n c u b a t e d  a s  d e s c r i b e d  i n  S e c t i o n  2 . 3 . 3 ,  t h e  f u n g u s  g r e w  

a s  d i s c r e t e  p e l l e t s .  I t  w a s  o b s e r v e d  t h a t  a s  t h e  p e l l e t s  

d e v e l o p e d ,  t h e y  w e r e  i n i t i a l l y  f r e e  i n  t h e  m e d i u m ,  b u t  

a f t e r  a n  i n c u b a t i o n  p e r i o d  o f  a p p r o x i m a t e l y  t w o  t o  t h r e e  

d a y s ,  t h e  e n t i r e  p o p u l a t i o n  o f  t h e  p e l l e t s  b e c a m e  e m b e d d e d  

i n  t h e  p o r e s  o f  t h e  p o l y u r e t h a n e  f o a m .  T h e  t y p i c a l  

a p p e a r a n c e  o f  f o a m - i m m o b i l i s e d  c u l t u r e s  o f  P . c h r y s o s p o r i u m  

i s  s h o w n  i n  F i g s .  1 2  a n d  1 3 .

U s i n g  c u b e s  o f  t h e  f o a m  w h i c h  c o n t a i n e d  e m b e d d e d  

p e l l e t s  o f  t h e  f u n g u s ,  e l e c t r o n  m i c r o s c o p y  w a s  p e r f o r m e d  

a s  d e s c r i b e d  i n  S e c t i o n  2 . 3 . 6 .  T h e  r e s u l t s  o f  t h i s  w o r k  

d e m o n s t r a t e d  t h a t  e v e r y  a v a i l a b l e  p o r e  o n  t h e  s u r f a c e  o f  

t h e  c u b e s  o f  f o a m  w a s  o c c u p i e d  b y  a  p e l l e t ;  w h e r e a s ,  

o n l y  a  r e l a t i v e l y  l o w  p r o p o r t i o n  o f  t h e  p o r e s  w i t h i n  t h e  

c u b e s  o f  f o a m  w e r e  o c c u p i e d  b y  t h e  f u n g u s  ( c . 1 0 - 1 5 %  ? ) .  

E l e c t r o n  m i c r o g r a p h s  s h o w i n g  t h e  t y p i c a l  a p p e a r a n c e  o f  

p o r e s  o f  t h e  f o a m  o c c u p i e d  b y  p e l l e t s  o f  t h e  f u n g u s  a r e  

p r e s e n t e d  i n  F i g s .  1 4  a n d  1 5 .
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Fig. 12 Foam-i mmobi1i sed P . c h r y s o s p o r i u m

This -figure shows a 11 Erlenmeyer flask containing 
five 1cm cubes of foam-immobilised P . c h r y s o s p o r i u m

forty 
in 200ml

of medium (see Section 2.3.3).
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Fig. 13 Foam-i mmobi1i sed P . c h r y s o s p o r i u m

This -figure shows the appearance of foam-immobilised 
P . c h r y s o s p o r i u m .  It should be noted that fungal growth is 
entirely restriced to the pores of polyurethane foam <1 cube

l cm x 1cm x 1 c m ) .
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Fig. 14 Electron-micrograph o-f R . c h r y s o s p o r  i u a

Samples were prepared by critical point drying 
by Anderson (1951); see Section 2.3.6. (lbar =

as desribed
lOOjLim) .
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Fig. 15 Electron-microqraph of P . c h r y s o s p o r

Samples were prepared by critical point drying 
by Anderson (1951); see Section 2.3.6. (lbar =

as desribed
100 jjm) .
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3 . 2 . 3  P r o d u c t i o n  o f  s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e
u s i n g  s e m i - c o n t i n u o u s  c u l t u r e s  o f  f o a m - i m m o b i l i s e d
P . c h r y s o s p o r i u m

U s i n g  f o a m - i m m o b i l i s e d  c u l t u r e s  o f  P . c h r y s o s p o r i u m , 

t h e  e f f e c t  o f  d e c a n t i n g  t h e  e x t r a c e l l u l a r  m e d i u m  a t  p e a k  

l i g n i n a s e  a c t i v i t y ,  a n d  t h e n  r e p l a c i n g  i t  w i t h  a  r a n g e  o f  

d i l u t i o n s  o f  t h e  s t a n d a r d  b a t c h  c u l t u r e  m e d i u m ,  o r  b u f f e r  

a l o n e ,  w a s  i n v e s t i g a t e d  a s  d e s c r i b e d  i n  S e c t i o n  2 . 3 . 4 .

T h e  r e s u l t s  o f  t h i s  w o r k  a r e  p r e s e n t e d  i n  F i g .  1 6 .  I t  w a s  

f o u n d  t h a t  w h e n  u n d i l u t e d  o r  t w o f o l d  d i l u t e d  m e d i u m  w a s  

a d d e d  b a c k ,  l i g n i n a s e  w a s  p r o d u c e d  i n  a  s i n g l e  p e a k  o f  

a c t i v i t y  o v e r  t h e  e i g h t  d a y  p e r i o d  s t u d i e d .  T h e  p e a k  

p r o d u c e d  i n  t h e  p r e s e n c e  o f  t h e  t w o f o l d  d i l u t e d  m e d i u m  w a s  

l a r g e r  t h a n  t h a t  p r o d u c e d  i n  t h e  p r e s e n c e  o f  b u f f e r  a l o n e ,  

a n d ,  i n  a d d i t i o n ,  w a s  p r o d u c e d  o n e  d a y  e a r l i e r .  H o w e v e r ,  

w h e n  f i v e f o l d  d i l u t e d  m e d i u m  o r  b u f f e r  a l o n e  w a s  a d d e d  

b a c k ,  t h e  l i g n i n a s e  a c t i v i t y  p r o d u c e d  d i d  n o t  s h o w  a  

s i n g l e  r i s e  a n d  f a l l ,  b u t  f l u c t u a t e d  a t  a p p r o x i m a t e l y  t h e  

s a m e  l e v e l ;  t h e  f i v e f o l d  d i l u t e d  m e d i u m  a n d  t h e  b u f f e r  

a l o n e  r e a c h i n g  a n  a p p a r e n t  p l a t e a u  i n  t h e  p r o d u c t i o n  o f  

l i g n i n a s e  a c t i v i t y  o n e  d a y  a n d  f o u r  d a y s ,  r e s p e c t i v e l y ,  

a f t e r  t h e  r e p l a c e m e n t  o f  t h e  m e d i u m .

F r o m  t h e s e  r e s u l t s ,  a n  e x p e r i m e n t  w a s  c a r r i e d  o u t  

t o  d e t e r m i n e  i f  i t  w o u l d  b e  p o s s i b l e  t o  p r o d u c e  h a r v e s t s  

o f  l i g n i n a s e  o n  a  s e m i - c o n t i n u o u s  b a s i s ,  u s i n g  f i v e f o l d  

d i l u t e d  m e d i u m  a s  t h e  s t a n d a r d  r e p l a c e m e n t  m e d i u m .  I t  

w a s  f o u n d  t h a t  u s i n g  t h i s  d i l u t i o n  o f  m e d i u m ,  s u c c e s s i v e  

h a r v e s t s  o f  l i g n i n a s e  w e r e  a b l e  t o  b e  p r o d u c e d  f r o m  t h e  

s a m e  f u n g a l  b i o m a s s  e v e r y  2 4  t o  4 8  h o u r s .  T h i s  m e t h o d
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Incubation period / Days 
+ butter alone
+ fivefold diluted medium 
+ two-fold diluted medium 
+ undiluted medium

This experiment was carried out as 
Each measurement of veratryl alcohol 
Sections 2.2.2 and 2.3.2) represents

described in Section 2-3.4.
oxidase activity (See
the mean o-f three replicates;

S.D.= <57-



w a s  c o n s e q u e n t l y  a d o p t e d  a s  t h e  s t a n d a r d  m e t h o d  f o r  t h e  

s e m i - c o n t i n u o u s  p r o d u c t i o n  o f  l i g n i n a s e .  A t y p i c a l  s e t  

o f  r e s u l t s  i s  s h o w n  i n  T a b l e  5 .  I t  c a n  b e  s e e n  t h a t  t h e  

f i r s t  t h r e e  t o  f o u r  h a r v e s t s  w e r e  o b t a i n e d  e v e r y  2 4  h o u r s  

a n d  w e r e  a p p r o x i m a t e l y  o f  t h e  s a m e  m a g n i t u d e ,  w h e r e a s  

s u b s e q u e n t  h a r v e s t s  d e c r e a s e  i n  m a g n i t u d e ,  a l b e i t  t o  m o r e  

o r  l e s s  t h e  s a m e  e x t e n t ,  a n d  a r e  o n l y  o b t a i n e d  e v e r y  4 8  

h o u r s .
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U s i n g  f i v e f o l d  d i l u t e d  m e d i u m  a s  t h e  s t a n d a r d  

r e p l a c e m e n t  m e d i u m ,  i t  w a s  t h e n  s h o w n  t h a t  o n c e  P . 

c h r y s o s p o r i u m  w a s  i m m o b i l i s e d  i n  t h e  c u b e s  o f  p o l y u r e t h a n e  

f o a m ,  a n  i n c r e a s e  i n  t h e  a g i t a t i o n  r a t e  f r o m  6 0  r . p . m .  t o  

1 5 0  r . p . m .  m a d e  n o  d i f f e r e n c e  t o  t h e  s e m i - c o n t i n u o u s  

p r o d u c t i o n  o f  l i g n i n a s e ,  s e e  T a b l e  6 ;  a n d  a l s o ,  t h a t  w h e n  

v e r a t r y l  a l c o h o l  w a s  o m i t t e d  d u r i n g  t h e  s e m i - c o n t i n u o u s  

c u l t u r e ,  t h e r e  w a s  a  r a p i d  t a i l i n g  o f f  i n  t h e  p r o d u c t i o n  

o f  s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e ,  s e e  T a b l e  7 .  I n  

a d d i t i o n ,  i t  c a n  b e  s e e n  i n  T a b l e  7 ,  t h a t  w h e n  t h e

c u b e s  o f  f o a m - i m m o b i l i s e d  P .  c h r y s o s p o r i u m  w e r e  w a s h e d  

w i t h  d i s t i l l e d  w a t e r  ( S e e  S e c t i o n  2 . 3 . 4 )  a n d  v e r a t r y l  

a l c o h o l  o m i t t e d  a s  d e s c r i b e d  a b o v e ,  t h e n  n o  f u r t h e r  

h a r v e s t s  o f  l i g n i n a s e  w e r e  p r o d u c e d  d u r i n g  s e m i - c o n t i n u o u s  

c u l t u r e .

F i n a l l y ,  i n  S e c t i o n  2 . 3 . 4 ,  i t  w a s  a l s o  d e s c r i b e d  

h o w  t w o  s e p a r a t e  a p p r o a c h e s  w e r e  a d o p t e d  t o  d e t e r m i n e  

w h e t h e r  i n c r e a s i n g  t h e  b i o m a s s  w i t h i n  i n d i v i d u a l  f l a s k s  

w o u l d  l e a d  t o  t h e  p r o d u c t i o n  o f  i n c r e a s e d  t i t r e s  o f  

l i g n i n a s e .  I t  c a n  b e  s e e n  f r o m  t h e  r e s u l t s  p r e s e n t e d  i n
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Table 5 Successive harvests of liqninase produced using 
semi-continuous cultures of foam— immobilised 

P h a n e r o c h a e t e  c h r y s o s p o r iua

Incubati on 
Peri od/hours

Harvest number Yield of 1igninase/U.1~ 1

120 1 93.0
+24 2 92.5
+24 3 100.0
+24 4 74.0
+48 5 48.0
+48 6 62.0
+48 7 55.0

These results are for a typical set of successive harvests of 
ligninase produced using foam—immobi1ised cultures of 
P , c h r y s o s p o r  i a a . Culture conditions were as described in Section
3-2-3, and ligninase activity was measured as described in
Sections 2.2.2 and 2.3.2.
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Table 6 E-f-fect o-f increasing the agitation rate 
on the production o-f ligninase using -Foam— immobi 1 ised 

P . c h r y s o s o o r i u m

Incubation period / hours Ligninase activity / x 10*"21 U.ml 1

60 r.p.m. 150 r.p.m.

+48 6-23 5.80

+24 9.54 9.23

+24 8.26 8.41

+48 6. 35 5.84

+48 5.07 5. 12

This experiment was carried out as described in Section 2-3.4, 
with the ligninase activity being measured as described in
Sections 2-2-2 and 2-3-2.
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Tabla 7 E-f-fect o-f omitting veratryl alcohol -From 
•the replacement media o-f -foam— immobi 1 ised cultures 
o-f P . c h r y s o s p c r  i ua

Incubation period / hours Ligninase activity 
U-ml- 1

/ x 10-=

No- 1 No- 2 No-3

+48 5-63 6.37 6.12
+24 9-37 2-04 0-00
+24 8.76 0-00 0.00

This experiment was carried out as described in Section 2.3.4. 
Culture No- 1 was the control culture, in which veratryl alcohol 
was present in each replacement medium; in culture No- 2, the 
veratryl alcohol was omitted -from the replacement medium used to 
produce the second harvest o-f ligninase; and in culture No- 3, the 
cubes a-f -foam-immobilised P  . c h r y  s o s p o r  i u s  were washed with 
distilled before introducing the second batch o-f replacement 
medium which also had the veratryl alcohol omitted -from it- The 
ligninase activity was measured as described in Sections 2-2.2 and
2-3.2-
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F i g .  17 and  T a b le  8 , t h a t  b o th  o f  t h e s e  a p p ro a c h e s  f a i l e d  

t o  r e s u l t  i n  a s i g n i f i c a n t  i n c r e a s e  i n  th e  p r o d u c t io n  o f  

l i g n i n a s e ;  s u g g e s t in g  t h a t  l i g n in a s e  p r o d u c t io n  was

b e in g  l im i t e d  by some o t h e r  f a c t o r  when th e  c u l t u r e s  w e re  

in c u b a te d  as  d e s c r ib e d  f o r  b o th  o f  th e s e  m e th o d s .

3 . 2 . 4  R e a c t i v a t i o n  o f  fo a m - im m o b ilis e d  c u l t u r e s  o f
P .  c h ry s o s p o r iu m  a f t e r  s t o r a g e  a t  4 °C

A t y p i c a l  s e t  o f  r e s u l t s  o b ta in e d  when foam - 

im m o b il is e d  c u l t u r e s  o f  P .  c h r y s o s p o r iu m  w e re  r e a c t i v a t e d  

as  d e s c r ib e d  in . S e c t io n  2 . 3 . 5 ,  i s  p r e s e n te d  in  F i g .  18 . 

A f t e r  a la g  p e r io d  o f  a t  l e a s t  24 h o u r s ,  th e  l i g n in a s e  

a c t i v i t y  i n  th e  c u l t u r e s  in c r e a s e d  t o  a g iv e n  l e v e l ,  and 

th e n  c o n t in u e d  t o  f l u c t u a t e  a b o u t  t h a t  l e v e l  o v e r  a 

p e r io d  o f  s e v e r a l  d a y s .  I f  t h e s e  r e s u l t s  a r e  com pared  to  

th e  r e s u l t s  p r e s e n te d  i n  F i g .  16 when f i v e f o l d  d i l u t e d  

m edium w as a l s o  added  b a ck  t o  c u l t u r e s ,  e x c e p t  w i t h o u t  

a n y  s t o r a g e  p e r io d ,  i t  ca n  be s e e n  t h a t  th e  o n ly  

d i f f e r e n c e  t h a t  s to r a g e  a t  4 °C  seem s to  make i s  t o  d e la y  

th e  o n s e t  o f  th e  p r o d u c t io n  o f  l i g n in a s e  a c t i v i t y  b y  a 

p e r io d  o f  a p p r o x im a te ly  24 h o u r s .

3.3 Purification of the isozymes of ligninase

3 . 3 . 1  A n io n - e x ch a n g e  c h ro m a to g ra p h y  u s in g  T r i s - a c r y l
DEAE s e p h a ro s e

The e l u t i o n  p r o f i l e  p ro d u c e d  when th e  is o z y m e s  o f  

l i g n i n a s e  w e re  p u r i f i e d  by t r i s - a c r y l  DEAE s e p h a ro s e  

a n io n - e x c h a n g e  c h ro m a to g ra p h y  ( s e e  S e c t io n  2 . 4 . 2 )  i s  

shown i n  F i g .  19 . T h is  shows t h a t  when th e  a b s o rb a n c e  a t
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Fig. 17 Efrect o-f cube size upon the orocucti on
Q-f veratryl alcohol osadase activity using

Incubation period / Days

This experiment was carried out as described in Section 2.o.4. 
Each measurement o-f veratryl alcohol oxidase activity (See 
Sections 2.2.2 and 2.3.2) represents the mean o-f three replicates; 

S . D . = <57..
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Table 8 E-f-fect o-f increasing the number o-f 
cubes Q-f -foam~i mmabi 1 ised P - c h r y s o s p o r  i u m on the

production o-f liqninase
Incubation period / hours Ligninase activity / x 10-"2 

U.ml-1
Controls 2 x Cubes

+ 120 10. 13 9.63
+24 9.98 9.27
+24 8.72 9.00
+24 9.33 8.42
+48 6.89 6. 14

This experiment was carried out as described in Section 2-3-4, 
with the ligninase activity being measured as described in 
Sections 2.2.2 and 2.3.2.
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Fig. 18 Reactivation of stored -foam-immobilised 
cultures o-f P  * c h r y  s o s  o o r  i us>

Incubation period / Days

The storage and reactivation o-f -foam-immobilised cultures was 
carried out as described in Section 2.3.5. Each measurement o-f 
veratryl alcohol oxidase activity (See Sections 2.2.2 and 2.3.2) 
represents the mean o-f three replicates; S.D.= <57..
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Fig. 19 Fur i -f i cat i on o-f the isozymes o-f 1 iqnir.ase by tris-acrvi 
DEAE sepharose chromatography

The initial pur i -f i cat i cn o-f the isozymes ct 1 icninase was 
carried out using the method described in Section 2.4.2. The 
preparation o-f ligninase used -for this experiment was prepared by 
pooling the -first -five concentrated harvests o-f ligninase produced 
using -f oam— i mmobi 1 i sed P .  c h r y s o s p o r  iuro; see text. This 
puri f i cati on resulted in the separation o-f -five -fractions 
designated Fractions X, II, III? IV and V; the horizontal bar 
lines on the -figure indicating which tubes were pooled -for each 
-fraction.

The veratryl alcohol oxidase activity o-f the eluate of-f the 
column was measured as described in the text (see Section 2.4.2).
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• • veratryl alcohol oxidase activity
......  Concentratian at sodium chloride

Fi g. 19 Pur ificatian_o_f__thB_^_so^n»es_jDf_li.gninase 
by tri 5—aery1 JDEAE sepharose chromatography

Cancer, t r at i on c-f sodium chloride
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280nm and th e  v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  a t  pH 3 .0  

w e re  m o n ito re d  ( S e e  a l s o  S e c t io n  3 . 5 . 3 ) ,  f o u r  p ea k s  t h a t  

c o n ta in e d  l i g n i n a s e  a c t i v i t y  w e re  a b le  t o  be s e p a r a t e d .  

T h e se  w e re  s u b s e q u e n t ly  r e f e r r e d  t o  a s  F r a c t i o n s  I ,  I I ,

I I I  and  IV .  I n  a d d i t i o n ,  d u r in g  th e  f i n a l  w a sh in g  s t a g e  

(s e e  S e c t io n  2 . 4 . 2 ) ,  one f u r t h e r  p eak  was o b ta in e d  w h ic h  

had a s t r o n g  a b s o rb a n c e  a t  280nm b u t  d id  n o t  show an y  

l i g n in a s e  a c t i v i t y ,  and t h i s  was s u b s e q u e n t ly  r e f e r r e d  to  

as  F r a c t i o n  V . I t  s h o u ld  be p o in t e d  o u t  t h a t  b e fo r e  th e  

f i n a l  w a s h in g  s t a g e ,  t h e r e  w as a d i f f u s e  band  o f  brow n 

m a t e r i a l  h a l f  w a y . down th e  co lu m n , and t h a t  t h i s  m a t e r i a l  

was e lu t e d  i n  F r a c t i o n  V ; a l l  t h e  o t h e r  f r a c t i o n s  w e re  

c o l o u r l e s s .

A summ ary o f  th e  r e s u l t s  o f  th e  p u r i f i c a t i o n  o f  

th e  is o z y m e s  o f  l i g n in a s e  b y  t h i s  m ethod i s  p r e s e n te d  in  

T a b le  9 . I t  c a n  be se e n  t h a t  o f  th e  o r i g i n a l  l i g n in a s e  

a c t i v i t y ,  c . 6 5 %  was l o s t  d u r in g  th e  c o n c e n t r a t io n  

p r o c e d u r e ,  w i t h  c . 15% o f  th e  a c t i v i t y  b e in g  r e c o v e r e d  i n  

F r a c t i o n  I  and  c . 2 . 5 %  b e 'in g  r e c o v e r e d  i n  e a c h  o f  F r a c t i o n s  

I I ,  I I I  and  I V .  The m easu rem en t o f  p r o t e i n  c o n c e n t r a t io n ,  

and  i t s  r e s u l t a n t  e f f e c t  on t h e  d e t e r m in a t io n  o f  s p e c i f i c  

a c t i v i t i e s  i s  d e a l t  w i t h  i n  The  D is c u s s io n  t o  t h i s  t h e s i s .

3 . 3 . 2  A n io n - e x c h a n g e  c h ro m a to g ra p h y  u s in g  Mono-Q FPLC

The is o z y m e s  o f  l i g n i n a s e  p u r i f i e d  b y  t r i s - a c r y l  

DEAE s e p h a ro s e  a n io n - e x c h a n g e  c h ro m a to g ra p h y  w e re  

a s s e s s e d  f o r  p u r i t y  a s  d e s c r ib e d  in  S e c t io n s  2 . 6 . 3  and

2 . 6 . 4 .  The r e s u l t s  o b ta in e d  ( s e e  S e c t io n s  3 . 4 . 2  and
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Table 9 Summary of the purl-Pi cation of the isozymes of 
1iqninase
Sample Volume/ml Total Units /(.Recovery
Extracel1ular 5x3600 1740 in tote 100. 0
Medium(5 Harvests)
Ultrafi1trate/ 5x25 625 in toto 35.9
lOKd cut-off
<5 Harvests)
Acetone precipitate 20 600 34.9
(Pooled material)
DEAE—sepharose
Fraction I 12 260 14.9
Fraction II 14 48 2.8
Fraction III 6 44 2.5
Fraction IV 7 46 2.6
FPLC Mono-Q
Fraction I ' 4 156 9.0
Fracti on II' ND ND ND
Fraction III' 4 8 0.5
Fraction IV' 4 12 0.7

The units re-ferred to above are units of veratryl alcohol 
oxidase activity, which was measured essentially as described in 
Section 2.2-2, except that all assays were carried out at pH 3.0 
(see Section 2.4.2). It should be noted that Fractions I',.Ill' 
and IV' represent Isozymes I, III and IV, respectively.



3 . 4 . 3 )  show ed t h a t  th e  is o z y m e s  r e q u i r e d  f u r t h e r  

p u r i f i c a t i o n ,  and  t h i s  was c a r r i e d  o u t  u s in g  Mono-Q FPLC  

a n io n - e x c h a n g e  c h ro m a to g ra p h y , a s  d e s c r ib e d  in  S e c t io n

2 . 4 . 3 .  D u r in g  th e  a s s e s s m e n t  o f  p u r i t y ,  i t  was shown 

t h a t  F r a c t i o n  I I  o b t a in e d  d u r in g  th e  f i r s t  p hase  o f  

a n io n - e x c h a n g e  c h ro m a to g ra p h y  ( S e e  S e c t i o n  3 . 3 . 1 )  was 

a p p a r e n t l y  com posed o f  a m ix tu r e  o f  F r a c t i o n  I ,  I I I  and 

IV ,  and  was c o n s e q u e n t ly  n o t  f u r t h e r  p u r i f i e d ;  se e  

S e c t io n  3 . 5 . 1 .  S in c e  F r a c t i o n s  I ,  I I I  and  IV  w e re  shown 

to  c o n s i s t  p r i m a r i l y  o f  one m a in  p r o t e i n ,  and ea ch  

f r a c t i o n  showed l i g n in a s e  a c t i v i t y  a s  d e te rm in e d  by th e  

o x id a t io n  o f  v e r a t r y l  a l c o h o l ,  F r a c t i o n s  I ,  I I I  and  IV  

w e re  s u b s e q u e n t ly  r e f e r r e d  to  as  Is o z y m e s  I ,  I I I  and IV  

( " Is o z y m e  I I "  was n o t  u sed  so as  t o  a v o id  c o n fu s io n  w i t h  

th e  o r i g i n a l  s y s te m  o f  n o m e n c la tu re ).

The e l u t i o n  p r o f i l e s  o b t a in e d  f o r  Iso z ym e s  I ,  I I I  

and I V ,  a r e  p r e s e n te d  i n  F i g s .  20 , 21 an d  22 , 

r e s p e c t i v e l y ;  s e e  a l s o  T a b le  9 .

I t  i s  i n t e r e s t i n g  to  n o te  t h a t ,  a t  l e a s t  f o r  

Iso z ym e  I ,  i t  was p o s s ib le  to  i s o l a t e  a compound t h a t  was 

t e n t a t i v e l y  i d e n t i f i e d  a s  v e r a t r y l  a l c o h o l  from  th e  

is o z y m e  p r e p a r a t io n .  T h is  was e lu t e d  fro m  th e  Mono-Q 

co lum n  a f t e r  a r e t e n t i o n  t im e  o f  l e s s  t h a n  one m in u te ,  

and w as shown t o  h a ve  a s i m i l a r  UV s p e c t ru m  to  

a u t h e n t i c  v e r a t r y l  a l c o h o l  ( s e e  F i g .  2 3 ) ,  and a l s o ,  to  

y i e l d  an  in c r e a s e  in  a b s o rb a n c e  a t  310nm when th e  com

pound w as s u b s t i t u t e d  f o r  a u t h e n t i c  v e r a t r y l  a lc o h o l  i n  a 

s t a n d a r d  v e r a t r y l  a l c o h o l  o x id a s e  a s s a y  ( s e e  S e c t io n

1 2 8
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Fig. 20 Puri-f icaticn o-f Isozyme I by FPLC Mono Q anian-g^chanqs 
chromatography

A-fter the preliminary purification c-f Isozyme I by tri s-acryl 
DEAE sEpharose anion-e>:change chramatcgraphy (see Section 2.4.2), 
the isozyme was -further puri-fied by FPLC Mono Q ani on—ex change 
chromatography. Running conditions were as described in Section 
2 . 4 . 3 .
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_JFP L C Mono Q a nion-exchanq e ch rom a to g  r a g h y

i—* 
I-aJ
O

Absorbance at 280nm



1 3 1

F i  21 P u r i f i c a t i o n  o-f  Isozyme III hv F P LC M o n o  Q a n i o n - e x c h a n g e  

rhrnmatoqraphy

At ter the-prsliminary p u r i f i c a t i o n - I s o z y m e  III by tris-aeryl 
DEAE sepharose anion-exchange chromatography (see Section 2.4.2). 
the isozyme was -further purified by FPLC Mono Q anion-exchange 
chromatography. Running conditions were as described in Section
2.4.3.
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Fig. 22 Pur i-f i cati on o-f Isozyme IV by FPLC Mono Q anian-excha r.qe 
chromatooraphy

A-fter the preliminary pur i -f i cati on o-f Isozyme IV by tris-acryl 
DEAE sepharose anion—exchange chromatography (see Section 2.4.2), 
the isozyme was -further puri-fied by FPLC Mono Q ani on—exchange 
chromatography. Running conditions were as described in Section

a *r
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Fig- 23 Comparison o-f the UV spectrum or the 
-First: -fraction co 1 lectori during the our i-f i cat i on 
o-f Isocvmo I bv FFLC Mono Q chromatocraphy with 
that o-f veratryl_alcohol
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2 . 2 . 2 ) ,  and th e  a s s a y  m ix tu r e  th e n  s e q u e n t i a l l y  s ca n n e d  

e v e r y  60 se co n d s  b e tw een  250nm and 350nm, s e e  F i g .  24.

3.4 A comparison of the properties of a crude preparation 
of ligninase with those of the main isozymes of 
ligninase purified by anion-exchange chromatography

3 . 4 . 1  In t r o d u c t io n

In  t h i s  s e c t i o n ,  th e  p r o p e r t i e s  o f  c ru d e  l i g n in a s e  

a r e  com pared  w i t h  th o s e  o f  th e  t h r e e  m a in  iso z ym e s  o f  

l i g n in a s e  t h a t  w e re  p u r i f i e d  from  th e  same p r e p a r a t io n .

The c ru d e  p r e p a r a t io n  o f  l i g n in a s e  was o b ta in e d  by p o o l in g  

th e  f i r s t  f i v e  s u c c e s s iv e  h a r v e s t s  o f  l i g n i n a s e  p ro d u ce d  

u s in g  fo a m - im m o b ilis e d  P .  c h r y s o s p o r iu m ; e a ch  h a r v e s t  

h a v in g  been  i n d i v i d u a l l y  c o n c e n t r a t e d  b y u l t r a f i l t r a t i o n ,  

and th e n  l y o p h i l i s a t i o n  and  r e s u s p e n s io n  i n  a s m a l le r  

vo lum e o f  s o lu t i o n ,  and t h e n ,  h a v in g  p o o le d  e a ch  o f  t h e s e  

p r e p a r a t io n s ,  th e  r e s u l t a n t  p r e p a r a t io n  w as th e n  f u r t h e r  

c o n c e n t r a t e d  b y a c e to n e  p r e c i p i t a t i o n  ( s e e  S e c t io n  2 . 4 . 1 ) .  

The p u r i f i e d  is o z y m e s  o f  l i g n i n a s e  w e re  o b ta in e d  b y  th e  

p u r i f i c a t i o n  o f  th e  p o o le d  c o n c e n t r a t e d  c ru d e  p r e p a r a t io n  

d e s c r ib e d  a b o v e . The i n i t i a l  m ethod o f  p u r i f i c a t i o n  was 

b y  t r i s - a c r y l  DEAE s e p h a ro s e  a n io n - e x c h a n g e  ch rom a

t o g r a p h y ,  and th e n  e a ch  o f  t h e  m ain  is o z y m e s  o f  l i g n in a s e  

s e p a r a te d  b y  t h i s  m ethod , w as th e n  f u r t h e r  p u r i f i e d  b y  

FPLC  Mono Q a n io n - e x c h a n g e  ch ro m a to g ra p h y  (s e e  S e c t io n s

2 . 4 . 2  and 2 . 4 . 3 ) .
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Fig. 24 Sequential alteration of the UV spectrum of the ''unknown 

material" collected during the purification of Isozyme I when 

substituted for veratryl alcohol in a standard veratryl alcohol 

o}: i dase assay 

The "unknown material" was collected as the first fraction when 

Isozyme I was further purified by FPLC Mono Q anion-exchange 

chromatography <see Section 2.4.3). Assay conditions were as 

described in Section 2.2.2, with scans being repeated every 60 

seconds. The unknown material was used without dilution relative 

to when it was eluted from the Mono Q column, with lOOpl of this 

material being substituted for authentic veratryl alcohol in an 

assay in which the total volume was l.Oml. 
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Fig- 24 Sequential alteration o-f the UV spectrum 
o-f the “unknown material" collected during the 
pur i -f 1 cat i on__ or_ Isozyme I when subst i tutec! -For 
veratryl alcohol in a standard veratrvl alcohol 
□yyi_dase_ assay
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3 . 4 . 2  S D S - p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s

B e f o r e  p o o l in g  th e  i n d i v i d u a l  s u c c e s s iv e  h a r v e s t s  

o f  c o n c e n t r a t e d  l i g n in a s e  p ro d u ce d  u s in g  fo a m - im m o b ilis e d  

P . c h r y s o s p o r iu m , th e  e x t r a c e l l u l a r  p r o t e in s  p ro d u ce d  in  

e a ch  s u c c e s s iv e  h a r v e s t  w e re  f i r s t  com pared  by SDS- 

p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  t o  e s t a b l i s h  t h a t  e ach  

h a r v e s t  c o n ta in e d  th e  same s e t  o f  p r o t e i n s .  T h is  w as 

c a r r i e d  o u t  a s  d e s c r ib e d  i n  S e c t io n  2 . 5 . 1 .  From th e  

r e s u l t s  p r e s e n te d  in  F i g .  25, i t  ca n  be seen  t h a t  b o th  th e  

c o n t r o l  c u l t u r e s  ( i . e .  th o s e  t h a t  c o n t a in e d  no cu b e s  o f  

p o ly u r e th a n e  foam ) and a l s o  e a c h  o f  t h e  f i v e  s u c c e s s iv e  

h a r v e s t s  p ro d u ce d  by th e  fo a m - im m o b ilis e d  c u l t u r e s ,  a l l  

show ed th e  p re s e n c e  o f  t h r e e  m a in  b and s  w i t h  m o le c u la r  

w e ig h t s  b e tw e e n  c .4 2 - 4 7 K d . I n  a d d i t i o n  t o  th e s e  b a n d s , 

t h e  s u c c e s s iv e  h a r v e s t s  p ro d u c e d  b y  th e  fo a m - im m o b ilis e d  

c u l t u r e s  a l s o  showed th e  p r e s e n c e  o f  a num ber o f  lo w e r  

m o le c u la r  w e ig h t  b a n d s , th e  l a t t e r  a p p e a r in g  le s s  

i n t e n s e l y  s t a in e d  w i t h  C o o m ass ie  B lu e  th a n  th e  t h r e e  

h ig h e r  m o le c u la r  w e ig h t  b a n d s . From  F i g .  25, i t  m ig h t  

a l s o  be t e n t a t i v e l y  c o n c lu d e d  t h a t  one o f  th e s e  bands 

w h ic h  had  an  a p p a r e n t  m o le c u la r  w e ig h t  o f  a b o u t 24Kd was 

p ro d u c e d  in  r e l a t i v e l y  l a r g e r  q u a n t i t i e s  i n  th e  t h i r d  

s u c c e s s iv e  h a r v e s t ;  h o w e v e r , t h i s  m ig h t  s im p ly  h a ve  been  

due t o  d i f f e r e n c e s  in  th e  lo a d in g  o f  t h e  g e l .

From  t h e  c a l i b r a t i o n  c u r v e  o b t a in e d  by p l o t t i n g  Lo g x 

M o le c u la r  w e ig h t  o f  th e  m a rk e rs  ( s e e  A p p e n d ix  I I )  a g a in s t  

th e  d is t a n c e  m ig r a t e d  th ro u g h  th e  g e l  ( o f  w h ic h  a t y p i c a l  

e x am p le  i s  shown i n  F ig .  2 6 ) ,  th e  m o le c u la r  w e ig h ts  o f  th e
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Fig. 25 A comparison of the 50S-polyacrylamide gel 

electrophoresis of the extracellular proteins produced by 

P.chrysosporium in the presence and absence of cubes of 

polyurethane foam 

C:tl I . 1 2 · 3 4 5 

+Foam 

-c47 
-c44 
--42 

This figures shows the 50S-polyacrylamide gel 

electrophoresis of the extracellular proteins produced by 

control cultures of P.chrysosporium (i.e. no foam>, and also 

of the first five successive harvests produced by 

foam-immobilised P.chrysosporium. 80S-polyacrylamide gel 

electrophoresis was carried out as described in Section 

2.5.1, and culture conditions were as described in Sections 

2.3.3 and 3.2.3. 

<Ctl =control flasks (i.e.no foam>; +Foam 1 to 5 = 5 

successive harvests produced using foam-immobilised 

cultures; numbers on far right are molecular weights in 

kilodaltons> 



Lo
gi

oM
ol

ec
ul

ar
 w

ei
gh

t

1 4 1

Fig. 26 Typical_calibration curve showing
log Lomoiscular weight o-f a range o-f markers 
_aa_ai_nct__di stance travelled when separated by
SDS-coi vacrylam:de gel electroohorssis 

SDS—poiyacry]amide cel electrcphcresis was carried out as
described in Section 2-5.1. For details o-f the markers, see
Apper.di :: T T i. X «
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t h r e e  m a in  b and s  w e re  d e te rm in e d  t o  be c .4 2 K d , c . 4 4 K d  and 

c . 4 7 K d ,  r e s p e c t i v e l y .

From  th e  S D S - p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  o f  

th e  p u r i f i e d  is o z y m e s  o f  l i g n in a s e ,  i t  was p o s s ib le  t o  

d e te rm in e  th e  p r e c i s e  m o le c u la r  w e ig h t  o f  e a ch  o f  th e  

t h r e e  m a in  is o z y m e s  o f  l i g n i n a s e ,  and  a t  th e  same t im e ,  to  

a s s e s s  t h e i r  r e l a t i v e  d e g re e  o f  p u r i f i c a t i o n .

The a p p e a ra n c e  o f  th e  g e l  a f t e r  s t a i n i n g  i s  shown 

in  F i g .  27 . From  t h i s  f i g u r e ,  i t  ca n  be se e n  t h a t  o f  th e  

f o u r  f r a c t i o n s  s e p a r a t e d  b y  t r i s - a c r y l  DEAE s e p h a ro s e  

c h ro m a to g ra p h y , F r a c t i o n  I I  was a p p a r e n t l y  com posed o f  a 

m ix tu r e  o f  F r a c t i o n s  I ,  I I I  and  I V ,  and  c o n s e q u e n t ly ,  t h i s  

f r a c t i o n  was n o t  f u r t h e r  p u r i f i e d .

I t  c a n  a l s o  be c o n c lu d e d  fro m  F i g .  27 , t h a t  a f t e r  

th e  s e co n d  p h a se  o f  p u r i f i c a t i o n ,  th e  h ig h e s t  m o le c u la r  

w e ig h t  is o z y m e , i . e .  Iso z ym e  IV  (S e e  S e c t io n  3 . 3 . 2  f o r  

e x p la n a t io n  o f  n o m e n c la tu re  o f  th e  is o z y m e s ) ,  was s t i l l  

r e l a t i v e l y  im p u re  com pared  to  th e  o t h e r  tw o  m ain  is o z y m e s . 

In  f a c t ,  i t  w o u ld  a p p e a r  t h a t  Iso z ym e  IV  m ig h t a c t u a l l y  

h a ve  c o n s is t e d  o f  tw o d i s t i n c t  m a jo r  p r o t e i n s ;  e a ch  

h a v in g  a v e r y  s i m i l a r  m o le c u la r  w e ig h t  ( s e e  a ls o  The 

D is c u s s io n  t o  t h i s  t h e s i s ) .  U n f o r t u n a t e l y ,  d u r in g  th e  

c o u r s e  o f  t h i s  t h e s i s ,  i t  was n o t  p o s s ib le  to  p u r i f y  th e s e  

is o z y m e s  f u r t h e r .

The m o le c u la r  w e ig h ts  o f  th e  t h r e e  m ain  is o z y m e s  o f  

l i g n in a s e  p ro d u ce d  b y th e  fo a m - im m o b ilis e d  c u l t u r e s  o f  P . 

c h r y s o s p o r iu m  w e re  4 1 .7 K d , 43 .7 K d  and  4 6 .7 K d ,  r e s p e c t i v e l y
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F i g .  27  S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o f  t h e

i s o z y m e s  o f  l i q n i n a s e

1 2 3 4 1 3 4

This -figure shows the SDS-pol yacryl ami de gel el ectrophoresi s 
of the different fractions initially separated by tris-acryl 
DEAE sepharose anion—exchange chromatography (see Section 
2.4.2), which were then further purified by FPLC Mono Q 
anion-exchange chromatography (see Section 2.4.3).

(Numbers 1, 2, 3 and 4 refer to Fractions I, II, III and 
IV, respectivel y , see Section 3.3.1; numbers 1', 3' and 4' 
refer to Isozymes I, III and IV, respectively, see Section 
3.3.2; numbers on far right are molecular weights in
k i 1o d a l t o n s )
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( s e e  F i g .  26 f o r  a t y p i c a l  exam p le  o f  a c a l i b r a t i o n  c u r v e  

u sed  to  d e te rm in e  th e  m o le c u la r  w e ig h t  o f  unknown 

p r o t e i n s ) .

3 . 4 . 3  D e te r m in a t io n  o f  th e  i s o e l e c t r i c  p o in t s  o f  th e
iso z y m e s  o f  l i g n in a s e  by i s o e l e c t r i c  f o c u s in g

T h is  was c a r r i e d  o u t  a s  d e s c r ib e d  i n  S e c t io n  2 . 6 . 6 .  

U n f o r t u n a t e l y ,  th e  t r a c k  lo a d e d  w i t h  th e  c ru d e  p r e p a r a t io n  

o f  l i g n in a s e  was u n d e r lo a d e d ,  and c o n s e q u e n t ly  d id  n o t  

show an y  bands a f t e r  s t a i n i n g ;  se e  F i g .  2 8 .  H o w e ve r, by 

r e f e r e n c e  to  th e  pH g r a d ie n t  a c r o s s  th e  g e l ;  se e  F i g . 2 9 ,  

i t  ca n  be c o n c lu d e d  t h a t  th e  i s o e l e c t r i c  p o in t s  o f  

Iso z ym e s  I ,  I I I  and IV  w e re  a t  pH 2 .6 ,  2 . 9  and 3 . 2 ,  

r e s p e c t i v e l y .

3 . 4 . 4  S p e c t r a l  p r o p e r t i e s

I t  was fo u n d  t h a t  th e  U V / v i s ib l e  s p e c t r a  f o r  c o n 

c e n t r a t e d  p r e p a r a t io n s  o f  l i g n in a s e  p r e p a re d  from  b o th  

c o n t r o l  c u l t u r e s  c o n t a in in g  no cub es  o f  fo am , and a l s o  f o r  

e a c h  o f  th e  s u c c e s s iv e  h a r v e s t s  o b ta in e d  fro m  foam - 

im m o b il is e d  c u l t u r e s ,  had  e s s e n t i a l l y  t h e  same a p p e a ra n c e .  

A t y p i c a l  U V / v i s i b l e  s p e c tru m  o f  a c ru d e  p r e p a r a t io n  o f  

l i g n in a s e  i s  shown i n  F i g .  30 . I t  ca n  be se e n  t h a t  th e  

s p e c tru m  h as  a S o r e t  band  a t  c .4 10nm . H o w e ve r , o t h e r  th a n  

t h i s ,  i t  i s  n o t  p o s s ib le  t o  a c c u r a t e l y  p i c k  o u t  an y  o t h e r  

f e a t u r e s  o f  th e  s p e c tru m , a lth o u g h  i t  m ig h t  t e n t a t i v e l y  be 

c o n c lu d e d  t h a t  t h e r e  i s  a t  l e a s t  one v i s i b l e  band 

o c c u r r in g  a t  c .6 40nm .
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F i g .  28  I s o e l e f c r i c  f o c u s i n g  o f  t h e  i s o z y m e s  o f  l i q n i n a s e

1 2 3 4 l'. 3 4.,
-•2-6

This -figure shows the isoelectric focusing of the isozymes 
of ligninase separated initially by tris-acryl DEAE 
sepharose anion-exchange chromatography (see Section 2.4.2), 
and then further purified by FPLC Mono Q anion-exchange 
chromatography (see Section 2.4.3).

(Numbers 1, 2, 3 and 4 refer to Fractions I, II, III and IV, 
respectively, see Section 3.3.1; numbers 1', 3' and 4' refer 
to Isozymes I, III and IV, respectively, see Section 3.3.2; 
numbers on far right refer to isoelectric points)
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Fig. 29 pH gradient across the isoelectric 
•focusing gel used to detarmine the isoelectric points 
o-f the isozymes o-f ligninase

7

6 

5

PH 4  

3  

2

The isoelectric -focusing o-f the isozymes o-f ligninase, and also 
the determination o-f the pH gradient across the isoelectric
-focusing gel, was carried out as described in Section Z. <6. 4-.
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Fig. 30 Typical UV / visible spectrum o-f a 
crude concentrated preparation o-f liqnlnase

This spectrum was obtained using a crude preparation o-f 
ligninase obtained by pooling the -first -five harvests o-f 1 i gninase 
produced using -f oam-i mmobi 1 i sed P . c h r y s o s  p o r  i utb ; see Section 
2-4.2. The preparation o-f enzyme used was diluted such that it 
contained 4.0 U .m1~ 1 when assayed as described in Section 2.2.2. 
All spectra were performed as described in Section 2.5.2.
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B y  c o m p a r is o n , th e  U V / v i s i b l e  s p e c t r a  o f  th e  t h r e e  

m a in  is o z y m e s  o f  l i g n in a s e  p ro d u ce d  by fo a m - im m o b ilis e d  

c u l t u r e s  o f  P .  c h r y s o s p o r iu m , i . e .  Is o z y m e s  I ,  I I I  and  I V ,  

a r e  much c l e a r e r ,  s e e  F i g s .  31, 32 and 33, r e s p e c t i v e l y ;  

and fro m  t h e s e ,  i t  can  be se e n  t h a t  f o r  e a ch  is o z y m e , 

t h e r e  i s  a S o r e t  band o c c u r r in g  a t  c .4 0 8 n m , and t h a t  t h e r e  

a r e  a l s o  a t  l e a s t  t h r e e  v i s i b l e  bands o c c u r r in g  a t  c .5 0 0 n m , 

c .590nm  and c .6 30nm .

3 . 4 . 5  pH o p t im a

The d e t e r m in a t io n  o f  th e  pH optim um  o f  v e r a t r y l  

a l c o h o l  o x id a s e  a c t i v i t y  i n  c o n c e n t r a t e d  p r e p a r a t io n s  o f  

l i g n i n a s e  was c a r r i e d  o u t  a s  d e s c r ib e d  i n  S e c t io n  2 . 5 . 3 .

I t  was fo u n d  t h a t  th e  pH optim um  o f  c ru d e  l i g n in a s e  was pH 

3 . 1 ;  s e e  F i g .  34. I t  ca n  a l s o  be se e n  t h a t  t h i s  pH c u r v e  

i s  n o t  s y m m e t r ic a l  and t h a t  t h e r e  i s  an  a p p a re n t  s h o u ld e r  

t o  th e  c u r v e  a t  a b o u t  pH 2 . 5 .

B y  c o m p a r is o n , i t  was fo u n d  t h a t  f o r  th e  t h r e e  m a in  

is o z y m e s  o f  l i g n i n a s e ,  i . e .  Is o z ym e s  I ,  I I I  and I V ,  t h e  pH 

optim um  o f  v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  was a t  pH 

2 . 2 ,  pH 2 .8  and pH 2 . 0 ,  r e s p e c t i v e l y ,  s e e  F ig s .  35, 36 and

37.

I t  was a l s o  fo un d  f o r  Iso z ym e  I ,  t h e  u se  o f  20mM 

g ly c in e / H C l  b u f f e r s  in s t e a d  o f  20mM p h o s p h a te  b u f f e r s ,  d id  

n o t  a l t e r  th e  a p p e a ra n c e  o f  th e  pH c u r v e  (d a t a  n o t  s h o w n ).
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F i g .  31 UV /  v i s i b l e  s p e c t r u m  o-f I s o z y m e  I

W a v e le n g th  / nm

This spectrum was performed as described in Section 2.2.2, using 
a dilution o-f Isozyme I that contained 25 
described in Section 2.2.2.

.0 U.ml-1 when assayed as
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F i g .  32  UV /  v i s i b l e  s p e c t r u m  o-f I s o z y m e  I I I

250 350 A50 550 650

Wavelength / nm

This spectrum was performed as described in Section 2.2.2, using 
a dilution o-f Isozyme III that contained 9.0 U.ml"1 
as described in Section 2.2.2.

when assaved
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F i g .  33  UV /  v i s i b l e  s p e c t r u m  o r  I s o z v m e  IV

250 350 450 550 650
Wavelength / nm

This spectrum was per-formed as described in Section 2.2.2, using 
a dilution o-f Isocyme IV that contained 5.0 LI.ml'1 
described in Section 2.2.2.

when assayed as
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Fig. 34 Detardiination c-f the pH. optimum of a crude cancgntrated 
areosration c-f licninase

The crude preparation of ligninass used in this experiment was 
obtained by pooling the -first -five harvests using foam-immobilised 
P . c h r y s o x  o a r i u m  as described in Section 2.4.2- The method used to 
determine the pH optimum of the veratryl alcohol oxidase activity 
of this enzyme preparation was as described in Section 2.5.3, with 
the alteration of the pH curve in the presence of magnesium ions 
being observed when magnesium ions were used at a final 
concentration of l.OmM; see Section 2-5.4.
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Fig. 34 Determination o-f the pH optimum o-f 
a crude concentrated preparation o-f lioninase

pH
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F i g .  3 5  D e t e r m i n a t i o n  o-f t h e  pH o p t im u m  o-f I s o z y m e —I

This experiment was carried oat using a preparation o-f Isocyme I 
puri-fisd as described in Sections 2.4.2 and 2.4.3. e-f-fect o-f an
aliquot cf the ; r;h:b: tor cnc also o-f the inhibitor ano magnesium i ora 

on the pH optimum o-f isozyme I were carried cut as described i n
Sect i on
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F i g .  36  D e t e r m i n a t i o n o -f t h e  p H o p t im u m  o-f I s a r y m e  I I

pH

This experiment was carried out using a preparation o-f Isozyme 
III purified as described in Sections 2.4.2 and 2.4.3. The effect 
of an aliquot of the inhibitor and also of the inhibitor and 
magnesium ions on the pH optimum of Isozyme I were carried out as 
described in Section 2.7.3.



F i g .  3 7  D e t e r m i n a t i o n  o-f t h e  pH o p t im u m  o-f I s o z y m e  IV
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This experiment was carried out using a preparation o-f Isozyme 
IV puri-fied as described in Sections 2.4.2 and 2.4.3. The e-f-fact 
o-f an aliquot o-f the inhibitor and also o-f the inhibitor and 
magnesium ions on the pH optimum o-f Isozyme I were carried out a
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3 . 4 . 6  D e te r m in a t io n  o f  t h e  % c a r b o h y d r a t e  p r e s e n t  
r e l a t i v e  to  p r o t e in  i n  c ru d e  and p u r i f i e d  
p r e p a r a t io n s  o f  l i g n i n a s e

The r e s u l t s  p r e s e n t e d  in  T a b le  10 show t h a t  when 

th e  c o n c e n t r a t io n  o f  c a r b o h y d r a t e  and p r o t e in  w ore  d e t e r 

m ined  in  th e  c ru d e  p r e p a r a t io n  o f  l i g n in a s e  as  d e s c r ib e d  

in  S e c t io n s  2 . 2 . 7  and 2.5.1, r e s p e c t i v e l y ,  i t  was fo u n d  

t h a t  f o r  an  a c c u r a t e  d e t e r m in a t io n  o f  th e  r e l a t i v e  % o f  

c a r b o h y d r a t e  a c t u a l l y  p r e s e n t  a s  p a r t  o f  th e  l i g n in a s e

m o le c u le s ,  i t  was n e c e s s a r y  t o  s e p a r a t e  th e  p r o t e in s
f r e e

p r e s e n t  from  th e  la r g e  am ount o f * c a r b o h y d r a t e  t h a t  was 

a l s o  p r e s e n t .  T h is  was a c h ie v e d  by p r e c i p i t a t i n g  th e

p r o t e in s  o u t  o f  s o lu t i o n  a s  d e s c r ib e d  i n  S e c t io n  2 . 5 . 8 .

I t  was fo u n d  t h a t  f o r  th e  c ru d e  p r e p a r a t io n  o f  

l i g n in a s e  u sed  i n  t h i s  t h e s i s ,  th e  r e l a t i v e  % c a r b o h y d r a t e  

p r e s e n t  was 22 .2 % ,  and t h a t  f o r  Iso z ym e s  I  and  I I I ,  t h e  

r e l a t i v e  % c a r b o h y d r a t e  p r e s e n t  w e re  2 1 .9 %  and 23 .0% ,  

r e s p e c t i v e l y .  U n f o r t u n a t e l y ,  b e c a u se  o f  t h e  s e n s i t i v i t i e s  

o f  th e  p r o t e in  and  c a r b o h y d r a t e  a s s a y  m etho d s  u sed  i n  t h i s  

t h e s i s ,  and a l s o  s in c e  TCA p r e c i p i t a t i o n  i s  a d e s t r u c t i v e  

t e c h n iq u e  t h a t  r e s u l t s  i n  t h e  d e n a t u r a t io n  o f  p r o t e in s ,  i t  

was n o t  p o s s ib le  to  p r o v id e  s u f f i c i e n t  q u a n t i t i e s  o f  

Iso z ym e  IV  t o  o b t a in  an  a c c u r a t e  f i g u r e  f o r  th e  % 

c a r b o h y d r a t e  p r e s e n t  r e l a t i v e  t o  p r o t e in  f o r  t h i s  is o z y m e .

In  a d d i t i o n  t o  sh o w in g  th e  % c a r b o h y d r a t e  p r e s e n t  

a s  p a r t  o f  t h e  p r o t e in s  i n  t h e  c o n c e n t r a t e d  l i g n in a s e  

p r e p a r a t io n ,  th e  r e s u l t s  p r e s e n te d  in  T a b le  10 a ls o  

i l l u s t r a t e  t h a t  when t h e  p r o t e in s  p r e s e n t  w e re  s e p a r a te d  

fro m  th e  e x c e s s  c a r b o h y d r a t e  b y  th e  TCA p r e c i p i t a t i o n ,
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Table 10 Summary of the protein and carbohydrate 
concentrations of crude and purified liqninase

Before TCA orHcioitation
Protein 

(mg. ml"*1)

Carbahydrate 

(mg.ml“*-)

V. carbohydrate 
relative to 
protein

Li gninase 
(U.ml-M

Sp. Ac- 
(U.mg-''

Crude enzyme 0. 67 49.93 >7000 29.9 44.6Isozyme I 2.07 2.B2 136.2 52.3 25.4Isozyme III 0. 12 1.22 >1000 3.3 29.2Isozyme IV 0.11 3.00 >2000 5.7 51.3

After TCA orscioita 

Crude enzyme

ti an 

4.36 0.97 22.2 29.9 6.9
Isozyme I 2.94 0.64 21.9 52.5 17.9
Isozyme III 0.221 0.051 23.0 3.5 15.3
Isozyme IV ND ND ND 5.7 ND

The results presented above -for the protein and carbohydrate 
concentrati ons o-f crude and purified ligninase, show that a-fter 
TCA preci pi tati on, the concentrati on o-f protein in the samples 
apparently increases, thus leading to the conclusion that the 
presence o-f contaminating carbohydrate leads to the "masking" af 
the protein present and thus gives an over-estimate o-f the true 
concentrati on o-f protein- The significance o-f this observation to 
the calculation o-f specific activities is disussed in The 
Discussion to this thesis.
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th e n  t h e r e  was a p p a r e n t l y  a g r e a t e r  c o n c e n t r a t io n  o f  

p r o t e in  p r e s e n t  th a n  was o r i g i n a l l y  a b le  to  be d e t e c t e d ,  

h en ce  m ak ing  p r e v io u s  a s s e s s m e n ts  o f  s p e c i f i c  a c t i v i t i e s  

c o m p le t e ly  u n r e l i a b l e ,  s e e  a l s o  The D is c u s s io n  to  t h i s  

t h e s i s .

To d e te rm in e  w h e th e r  th e  h ig h  c o n c e n t r a t io n  o f  

c a r b o h y d r a t e  p r e s e n t  r e l a t i v e  to  t h a t  o f  p r o t e in  was a 

f e a t u r e  r e s t r i c t e d  t o  u se  o f  fo a m - im m o b ilis e d  c u l t u r e s  o f  

P .  c h r y s o s p o r iu m , th e  r e l a t i v e  c o n c e n t r a t io n s  o f  c a r b o 

h y d r a t e  and p r o t e in  p r e s e n t  i n  c o n c e n t r a t e d  p r e p a r a t io n s  

o f  l i g n in a s e  p ro d u c e d  u s in g  c o n t r o l  c u l t u r e s  c o n t a in in g  no 

cu b es  o f  foam  w e re  com p ared  t o  th o s e  l e v e l s  o f  c a r b o 

h y d r a t e  and p r o t e in  p r e s e n t  i n  e a ch  o f  th e  f i r s t  f i v e  

s u c c e s s iv e  h a r v e s t s  o f  c o n c e n t r a t e d  p ro d u ce d  u s in g  foam - 

im m o b il is e d  P . c h r y s o s p o r iu m ; s e e  T a b le  11.

From  t h i s  t a b l e ,  i t  c a n  be se e n  t h a t  f o r  a l l  o f  

th e s e  p r e p a r a t i o n s , th e  c a r b o h y d r a t e  c o n c e n t r a t io n  w as in  

much th e  same m a g n itu d e  and was a l s o  s i g n i f i c a n t l y  lo w e r  

th a n  t h a t  p r e s e n t  i n  th e  p o o le d  c o n c e n t r a t e d  l i g n in a s e  

p r e p a r a t io n  u sed  f o r  th e  r e s u l t s  o b ta in e d  i n  T a b le  10.

T h is  p r o b a b ly  a c c o u n ts  f o r  th e  a p p a r e n t ly  lo w e r  s p e c i f i c  

a c t i v i t i e s  o f  th e  l i g n i n a s e  i n  th e s e  p r e p a r a t io n s  ( s e e  

a l s o  The D is c u s s io n  t o  t h i s  t h e s i s ) . ,  In  a d d i t i o n ,  i t  can  

be seen  t h a t  a l th o u g h  th e  c o n c e n t r a t io n  o f  c a r b o 

h y d r a t e  was in d e e d  i n i t i a l l y  g r e a t e r  i n  th e  p r e p a r a t io n s  

o f  l i g n in a s e  p ro d u c e d  u s in g  th e  fo a m - im m o b ilis e d  c u l t u r e s ,  

i t  d id  show a s t e a d y  d e c r e a s e  as  c o n t in u e d  s u c c e s s iv e  

h a r v e s t s  o f  l i g n i n a s e  w e re  p ro d u ce d  from  th e  same b io m a ss  

o f  th e  fu n g u s .
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Table 11 Carbohydrate and protein cancBntrations 
o-f harvests o-f liqninase produced in the presence 
and absence o-f polyurethane -foam as 
an immobilisation support

Sampla Li gninase 
(U.ml-*)

Protain 
(mg. ml-1)

Sp.Act. 
(U.rng—11

Carbohydrate 
(mg.ml -l)

Relative V. Carbohydrate 
to protein

Control (no -foam) 0.93B 0.223 > k> o 3. 14 >1400
+ Foam / 1 1.1S0 0.341 3.46 a . 97 >2600
+ Foam / 2 1.200 0.336 3.57 in-0 >1900
+ Foam / 3 0.710 • 0.307 2-31 5.22 >1700
+ Foam / 4 0.2S0 0. 172 1.63 3. S3 >2200
■+* Foam / 3 0.313 0. 169 1.86 2.03 >1200

Foam / 1 to 5 re-fers to -five successive harvests o-f ligninase 
produced using ■foam-immobilised P  * c h r y s o s p o r iua - Carbohydrate and 
protein determinations were carried out as described in Sections 

2-2.7 and 2-5.7, respectively-
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3 . 4 . 7  A m i n o  a c i d  a n a l y s i s  o f  t h e  i s o z y m e s  o f  l i g n i n a s e  

T h i s  w a s  c a r r i e d  o u t  a s  d e s c r i b e d  i n  S e c t i o n  2 . 6 . 5 .

T h e  r e s u l t s  o b t a i n e d  a r e  p r e s e n t e d  i n  T a b l e  1 2 ,  a n d  s h o w  

t h a t  t h e  a m i n o  a c i d  c o m p o s i t i o n  o f  I s o z y m e  I  i s  t y p i c a l  o f  

t h a t  o f  a n  a c i d i c  c o p r o t e i n  ( s e e  T h e  D i s c u s s i o n  t o  t h i s  

t h e s i s ) .

3 . 4 . 8  E f f e c t  o f  m e t a l  i o n s  o n  l i g n i n a s e  a c t i v i t y  

A f t e r  t h e  c o n c e n t r a t i o n  a n d  p o o l i n g  o f  t h e  c r u d e

s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e  p r o d u c e d  u s i n g  t h e  f o a m -  

i m m o b i l i s e d  P .  c h r y s o s p o r i u m , i t  b e c a m e  a p p a r e n t  t h a t  

d u r i n g  t h e  c o n c e n t r a t i o n  p r o c e d u r e ,  t h e r e  w a s  a  

s i g n i f i c a n t  l o s s  i n  t h e  t o t a l  n u m b e r  o f  u n i t s  o f  l i g n i n a s e  

t h a t  w a s  o r i g i n a l l y  t h o u g h t  t o  h a v e  b e e n  p r e s e n t .  I n  a n  

a t t e m p t  t o  d e t e r m i n e  t h e  r e a s o n s  f o r  t h i s  l o s s  o f  e n z y m e  

a c t i v i t y ,  a n  e x p e r i m e n t  w a s  c a r r i e d  o u t  i n  w h i c h  a n  

a l i q u o t  o f  u n c o n c e n t r a t e d  s p e n t  m e d i u m  w a s  a d d e d  b a c k  t o  

t h e  c r u d e  c o n c e n t r a t e d  p r e p a r a t i o n  o f  l i g n i n a s e .  W he n  i t  

w a s  f o u n d  t h a t  t h i s  l e d  t o  a  s t i m u l a t i o n  o f  v e r a t r y l  

a l c o h o l  o x i d a s e  a c t i v i t y ,  i t  w a s  t h e n  d e c i d e d  t o  r e p e a t  

t h i s  e x p e r i m e n t  u s i n g  f r e s h  u n i n o c u l a t e d  m e d i u m .  I t  w a s  

f o u n d  t h a t  t h i s  a l s o  l e d  t o  a  s t i m u l a t i o n  o f  t h e  v e r a t r y l  

a l c o h o l  o x i d a s e  a c t i v i t y ,  a n d  c o n s e q u e n t l y ,  i t  w a s  t h e n  

d e c i d e d  t o  i n v e s t i g a t e  e a c h  c o m p o n e n t  i n  t h e  g r o w t h  m e d i u m  

i n d i v i d u a l l y  f o r  i t s  a b i l i t y  t o  s t i m u l a t e  t h e  v e r a t r y l  

a l c o h o l  o x i d a s e  a c t i v i t y  ( s e e  A p p e n d i x  I ) .  F r o m  t h i s  

e x p e r i m e n t ,  i t  w a s  d e m o n s t r a t e d  t h a t  t h e  c o m p o n e n t  t h a t  

w a s  r e s p o n s i b l e  f o r  t h e  s t i m u l a t i o n  o f  t h e  v e r a t r y l  

a l c o h o l  o x i d a s e  a c t i v i t y ,  w a s  t h e  m i n e r a l  s o l u t i o n .



T a b l e  12 Amino a c i d  a n a l y s i s  o-f I s o z y m e  I

Amino Acid No. moles per molecule

Aspartate 27
Threonine 24
Serine 32
G1utamate 29
Proline 24
Glycine 26
A1anine 32
Cysteine 20
Valine 25
Methionine 5
Isoleucine 15
Leuci ne IS
Tyrosine 2
Phenylalanine 21
Lysi ne 8
Histidine 8

i

Arginine 9

The amino acid o-f Isozyme I was carried out as described in 
Section 2-6-5- The above calculations were made assuming a 
molecular weight o-f 4l700Kd and a carbohydrate content o-f 21-9%-
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A r a n g e  o f  e x p e r i m e n t s  w e r e  t h e n  c a r r i e d  o u t  t o  

d e t e r m i n e  w h i c h  o f  t h e  m e t a l  i o n s  i n  t h e  m i n e r a l  s o l u t i o n  

w e r e  c a p a b l e  o f  s t i m u l a t i n g  t h e  v e r a t r y l  a l c o h o l  o x i d a s e  

a c t i v i t y ,  a n d  a l s o  t o  d e t e r m i n e  t h e  d i f f e r e n c e s  i n  t h e  

k i n e t i c s  o f  v e r a t r y l  a l c o h o l  o x i d a s e  a c i v i t y  w h e n  

" s t i m u l a t e d "  c o m p a r e d  t o  " n o n - s t i m u l a t e d " , a n d  i t  w a s  

h o p e d  t h a t  t h i s  s e r i e s  o f  e x p e r i m e n t s  w o u l d  h e l p  e l u c i d a t e  

t h e  p r e c i s e  n a t u r e  o f  h o w  v e r a t r y l  a l c o h o l  o x i d a s e  

a c t i v i t y  w a s  b e i n g  s t i m u l a t e d .  T h e s e  e x p e r i m e n t s  a r e  

o u t l i n e d  i n  S e c t i o n  2 . 5 . 4 .

I n  t h e  f i r s t  e x p e r i m e n t ,  t h e  e f f e c t  o f  a  r a n g e  o f  

m e t a l  i o n s ,  e a c h  a t  1 . OmM c o n c e n t r a t i o n  ( u n l e s s  s t a t e d  

o t h e r w i s e ) ,  o n  t h e  v e r a t r y l  a l c o h o l  o x i d a s e  a c t i v i t y  o f  

t h e  c r u d e  p r e p a r a t i o n  o f  l i g n i n a s e  p r o d u c e d  u s i n g  f o a m -  

i m m o b i l i s e d  P .  c h r y s o s p o r i u m  ( s e e  S e c t i o n  2 . 4 . 2 )  w a s  

e x a m i n e d ;  t h e  r e s u l t s  o b t a i n e d  a r e  p r e s e n t e d  i n  T a b l e  1 3 ,  

w h e r e  i t  c a n  b e  s e e n  t h a t  t h e  s t i m u l a t i o n  o f  t h e  v e r a t r y l  

a l c o h o l  o x i d a s e  a c t i v i t y  o f  t h e  c r u d e  p r e p a r a t i o n  o f  

l i g n i n a s e  t e s t e d  w a s  a p p a r e n t l y  a  g e n e r a l  p h e n o m e n o n ,  a n d  

w a s  n o t  r e s t r i c t e d  t o  s p e c i f i c  i o n s  o n l y .

F r o m  t h e  r e s u l t s  p r e s e n t e d  i n  T a b l e  1 3 ,  i t  w a s  

d e c i d e d  t o  s e l e c t  o n e  d i v a l e n t  m e t a l  c a t i o n ,  a n d  t h e n  t o  

e x a m i n e  t h e  e f f e c t  o f  a  r a n g e  o f  c o n c e n t r a t i o n s  o f  t h i s  

i o n  o n  t h e  v e r a t r y l  a l c o h o l  o x i d a s e  a c t i v i t y  o f  t h e  c r u d e

* • • *) “f*
p r e p a r a t i o n  o f  l i g n i n a s e .  T h e  m e t a l  i o n  c h o s e n  w a s  Mg , 

a n d  t h e  r e s u l t s  o b t a i n e d  a r e  p r e s e n t e d  i n  F i g .  3 8 .  I t  c a n  

b e  s e e n  t h a t  u n d e r  t h e  a s s a y  c o n d i t i o n s  u s e d ,  t h e  m a x i m u m  

s t i m u l a t i o n  o f  l i g n i n a s e  a c t i v i t y  w a s  p r o d u c e d  a t  c o n c e n 

t r a t i o n s  o f  M g 2+ o f  1 . OmM o r  a b o v e .
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Table 13 E-f-fect o-f a range o-f cations on 
the veratryl alcohol oxidase activity o-f a 
crude preparation o-f liqninase

Cation Concentration / mM Relative increase in 
rate a-f activity

Mg3* 1.0 x 6.4
Mn3* 1.0 x 5.8
Ca3* 1.0 x 5.7
Zn3* 1.0 x 6.2
Co3* 1.0 x 4.7
La3* 1.0 x 5.5
Na* 1.0 x 1-0

Na* 10.0 x 1-0

Na* O
t

oin x 2.5

Decamethoni um 1-0
—

X »-*• « o

The above set o-f results were obtained using a crude preparation 
o-f ligninase that had been produced by pooling the -first -Five 
harvests produced using -f oam—i mmobi 1 i sed P * c h r y  s o s p o r  i u m (see 
Section 2.5.4). Veratryl alcohol oxidase was assayed as describe

in Section 2.2.2.
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Fig. 3S E-f -f ect o-f ccncantrati an a-f Mo-^' ions on the veratryi
alcohol ax i dase activity of a crude preparation ct li qn i nase

6 r

Concantratian a-f ions / mM

This experiment was carried out using a crude preparation o-f 
ligninase obtained by pooling the -first -five harvests o-f ligninase 
produced using foam-immobilised P . c h r y s o s p o r i u n ;  see Section 
2-4.2. The effect o-f " or. the veratryi alcohol cxdase activity
o-f this preparation was e a r n  sc cut as described in Section 2.5.4.
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The n e x t  e x p e r im e n t  t o  be c a r r i e d  o u t  was to  

d e te rm in e  w h e th e r  th e  s t im u l a t i o n  o f  v e r a t r y l  a lc o h o l  

o x id a s e  a c t i v i t y  was a l s o  o b s e r v e d  f o r  c o n c e n t r a t e d  

p r e p a r a t io n s  o f  l i g n in a s e  p ro d u ce d  i n  c u l t u r e s  c o n t a in in g  

no cu b es  o f  fo am , and a l s o  f o r  c o n c e n t r a t e d  p r e p a r a t io n s  

o f  l i g n in a s e  p ro d u ce d  a t  e a c h  s u c c e s s iv e  h a r v e s t  u s in g  

fo a m - im m o b ilis e d  c u l t u r e s  o f  P .  c h r y s o s p o r iu m .

The r e s u l t s  o b ta in e d  a r e  p r e s e n te d  in  T a b le  14, 

and show t h a t  th e  s t im u la t i o n  o f  v e r a t r y l  a lc o h o l  o x id a s e  

a c t i v i t y  d id  n o t  o c c u r  f o r  a c ru d e  c o n c e n t r a t e d  

p r e p a r a t io n  o f  l i g n in a s e  p ro d u ce d  i n  th e  a b se n ce  o f  cu b e s  

o f  p o ly u r e th a n e  foam , and  t h a t  i t  was o n ly  s i g n i f i c a n t  

f o r  t h e  l a t e r  h a r v e s t s  o f  l i g n i n a s e  p ro d u ce d  u s in g  th e  

fo a m - im m o b ilis e d  c u l t u r e s ;  s e e  a l s o  The D is c u s s io n  t o  

t h i s  t h e s i s .

When the determination a-f the pH optimum was repeated in 
the presence of Magnesium io n s  (ImM), using the concentrated c ru d e  

preparation of v e r a t r y l  a lc o h o l  oxidase. i t  was o b s e rv e d  

t h a t  t h e r e  was an  in c r e a s e  i n  th e  r a t e  o f  v e r a t r y l  a l c o h o l  

o x id a s e  a c t i v i t y  a t  pH v a lu e s  lo w e r  th a n  pH 3 . 1 ,  and t h a t  

t h e r e  was a l s o  an  a p p a r e n t  s h i f t  i n  th e  pH optim um  fro m  pH
p +3 .1  m  th e  a b s e n c e  o f  added  Mg to  pH 2 .7  m  th e  p re s e n c e  

o f  added  Mg , s e e  F i g .  34 ; se e  a l s o  The D is c u s s io n  t o  

t h i s  t h e s i s .
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Table 14 E-f-fect o-f 1. QmM Mg2* on the veratryl 
alcohol oxidase activity o~f di-f-ferent preparations 
o-f liqninase produced in the presence and absence 
o-f polyurethane -foam as an immobilisation support

Sample Relative increase in 
acti vity

Control (no -foam) x 1.04
Foam / 1 x 1.06
Foam / 2 x 1.05
Foam / 3 x 1.44
Foam / 4 x 1.56
Foam / 5 x 10.64
Foam / 6 x 17.43

Foam / 1 to 6 refers to the -first six successive o-f ligninase 
produced using foam-immobilised P . c h r y s o s p o r i u m  (see Section
2.5.4). Veratryl alcohol oxidase activity was measured as
described in setion 2.2.2
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H a v in g  shown t h a t  th e  s t im u la t i o n  o f  v e r a t r y l  

a lc o h o l  o x id a s e  a c t i v i t y  w as o n ly  o b s e rv e d  f o r  th e  

" l a t e r "  h a r v e s t s  o f  l i g n i n a s e  p ro d u ce d  u s in g  foam - 

im m o b il is e d  c u l t u r e s  o f  P .  c h r y s o s p o r iu m , and a l s o  t h a t  

i t  was a p p a r e n t l y  p H - d e p e n d e n t , i t  was th e n  d e c id e d  to  

i n v e s t i g a t e  th e  e f f e c t  o f  one  m e ta l io n  on th e  k i n e t i c s  

o f  v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y .  From  th e s e  e x p e r i 

m e n ts , i t  was fo u n d  t h a t  f o r  b o th  H o0 2 and v e r a t r y l
9a l c o h o l ,  th e  p re s e n c e  o f  1 . OmM Mg io n s  le d  to  an

in c r e a s e  i n  th e  V o f  v e r a t r y l  a lc o h o l  o x id a s e  a c t i v i t y ,max -1 2
b u t  d id  n o t  a l t e r  th e  K f o r  e i t h e r  H , 0 ,  o r  v e r a t r y l

a l c o h o l ,  s e e  F i g s .  39 and  40 , r e s p e c t i v e l y  ( s e e  a l s o  The

d is c u s s io n  t o  t h i s  t h e s i s ) .  A d e c r e a s e  i n  th e  V w i t h----------  max
no a l t e r a t i o n  o f  th e  Km i s  i n d i c a t i v e  o f  n o n c o m p e t i t iv e  

i n h i b i t i o n  (R u d o lp h  1 9 8 3 ) ,  and  th u s  a t  t h i s  p o in t ,  i t  was 

t e n t a t i v e l y  c o n c lu d e d  t h a t  t h e  a p p a re n t  s t im u la t i o n  o f  

v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  b y  a ra n g e  o f  m e ta l io n s  

m ig h t a c t u a l l y  h a ve  b een  due t o  an  a p p a r e n t  r e l e a s e  fro m  a 

s t a t e  o f  i n h i b i t i o n ,  r a t h e r  th a n  a t r u e  s t im u la t i o n  o f  th e  

v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y .

To i n v e s t i g a t e  t h i s  h y p o t h e s is  f u r t h e r ,  and a l s o  

t o  d e te rm in e  w h e th e r  th e  s t im u la t i o n  o f  v e r a t r y l  a l c o h o l  

o x id a s e  a c t i v i t y  was s t i l l  o b s e rv e d  f o r  t h e  p u r i f i e d  

iso z ym e s  o f  l i g n i n a s e ,  i t  w as d e c id e d  to  a s s a y  th e  

iso z y m e s  o f  l i g n in a s e  a f t e r  p u r i f i c a t i o n  b y  t r i s - a c r y l  

DEAE s e p h a ro s e  a n io n - e x c h a n g e  co lum n ( s e e  S e c t io n  2 . 4 . 2 )  

a t  b o th  pH 2 .5  and  pH 3 . 0 ,  and  a l s o  i n  th e  p re s e n c e  and  

a b se n c e  o f  added  m e ta l io n s  a t  b o th  pH v a lu e s ,  s in c e  fro m
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Fig- 39 LinE?weaver-9urk plct to determine the for hydrogen 
peroxide and the of veratryl alcohol oxidase activity in the
presence and absence of ions

The effect of 1. OmM Mg3* ions on the -for hydrogen 
and the o-f veratryl alcohol oxidase activity o-f a
preparation o-f ligninase obtained by pooling the first 
harvests of ligninase produced using foam— immobi1ised 
P  . c h r y s o s p a r i u n  (see Section 2-4.2) was carried out as 
in Section 2.5.5.

perox i de 
crude 
f i ve

descri bed

- No Mg3'4'
Krr, / J-lM 40. £ 39- 7

Vm.,x / u 5. 99 1.29



- 0-08

1 7 1 x / ■

- 0*04 0 0*04 0-08
(Volume c-f 3.0mlv! hydrogen peroxide in assay / -pi ) ~1 *

*N.3. Total volume o-f assay = 1.0ml

Fig. 39 Linewgavei— 5urk plot to determine the 
-for hydroqen peroxide and the V,^ „ o-f 

veratryl alcohol oxidase activity in the presence • 
and absence o-f Mq2~ ions
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Fig. 40 Linewgav5r-9urk plot to determine the K.„ -for veratrvl 
alcohol and the Vm„,« o-f veratryl alcohol oxidase activity in the 
presence and absencg of Mg-^^ ions

c;01
<3 -ti

- 0-1 0 '  0*1 0-2
(Volume o-f lOmrl veratryl alcohol in assay / jul)-1 *

*N.S. Total volume o-f assay = 1.0ml

The e-f-fect o-f 1. Omti ions on the Km -for veratryl alcohol and
the Vm..-*>»- o-f veratryl alcohol oxidase activity o-f a crude 
preparation o-f ligninase obtained by pooling the -first -five 
harvests o-f 1 igr.inase produced using -f oam—i mmobi 1 i sad 
P . c h r y s o s p o r i a ?? (see Section 2.4.2) was carried out as described 
in Section 2.5.6.

+Mg = - No Mĝ -'*-
Km / JiM 290.0 293.7

Vm«~ / U 9.90 1.61



th e  r e s u l t s  p r e s e n te d  a b o v e , i t  w as e v id e n t  t h a t  th e  

s t im u l a t i o n  o f  v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  b y  added  

m e ta l io n s  was s i g n i f i c a n t l y  g r e a t e r  a t  pH 2 .5  th a n  i t  

was a t  pH 3 . 0 ,  s e e  F i g . 34.

The e l u t i o n  p r o f i l e  p ro d u c e d  when th e  is o z y m e s  o f  

l i g n i n a s e  w e re  p u r i f i e d  b y  t r i s - a c r y l  DEAE s e p h a ro s e  

c h ro m a to g ra p h y  ( s e e  S e c t io n  2 . 4 . 2 )  i s  i l l u s t r a t e d  i n  F i g .  

19 , and  shows th e  a b s o rb a n c e  a t  280nm and a l s o  th e  

v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  when a s s a y e d  a t  pH 3 . 0 .  

The d a t a  p r e s e n te d  i n  T a b le  15 show s th e  r e s u l t s  o f  

a s s a y in g  e a ch  o f  th e  f o u r  m a in  p e a k s  o f  l i g n in a s e  a c t i v i t y  

s e p a r a t e d  by t h i s  p u r i f i c a t i o n ,  u n d e r  th e  d i f f e r e n t  a s s a y  

c o n d i t io n s  d e s c r ib e d  a b o v e , and  fro m  th e s e  r e s u l t s ,  i t  can  

be o b s e r v e d  t h a t  t h e  p u r i f i c a t i o n  o f  th e  iso z y m e s  o f  

l i g n i n a s e  r e s u l t e d  i n  an  a p p a r e n t  lo s s  o f  th e  a b i l i t y  o f  

ad ded  m e ta ls  t o  s t im u la t e  v e r a t r y l  a lc o h o l  o x id a s e  

a c t i v i t y .

The r e a s o n  f o r  t h i s  l o s s  o f  v e r a t r y l  a lc o h o l  

o x id a s e  a c t i v i t y  s t im u l a t i o n ,  and  a l s o  th e  e x p la n a t io n  

f o r  a l l  t h e  o b s e r v a t io n s  d e s c r ib e d  a b o v e , i s  made c l e a r  

i n  S e c t io n  3 . 5 .

3.5 Properties of the inhibitor of ligninase

3 . 5 . 1  In t r o d u c t io n

From  th e  r e s u l t s  p r e s e n te d  i n  F ig .  19, i t  can  be 

se e n  t h a t  th e  f i n a l  f r a c t i o n  e lu t e d  d u r in g  th e  p u r i f i 

c a t i o n  o f  th e  is o z y m e s  o f  l i g n i n a s e  ( i . e .  F r a c t i o n  V ) had

1 7 2
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Table 15 Veratryl alcohol oxidase activity of 
the -four -fractions of liqninase separated by 
anion—exchange chromatography when measured at 
pH 2.5 and pH 3.0, in the presence and absence 
o-f 1. OmM Mg-—

Veratryl alcohol oxidase activity
<U.ml“ 1)

No Mg3- +Mg3
pH 2-5 pH 3-0 pH 2.5 pH 3- 0

Fraction I 18.45 14-65 18.25 14.75
Fraction II 3. 70 3.85 3.65 3.85
Fraction III 3-80 4-55 3.90 4.45
Fraction IV 5-25 3.80 5-45 3.90

The separation o-f the four fractions was by tris—acryl DEAE 
sepharose anion—exchange chromatography which was carried out as 
decribed in Section 2-4-2; see also Section 2-5-2-
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a s t r o n g  a b s o rb a n c e  a t  280nm b u t  d id  n o t  show a n y  v e r a t r y l  

a l c o h o l  o x id a s e  a c t i v i t y -  I n  t h i s  s e c t i o n ,  i t  w i l l  be 

shown how t h i s  f r a c t i o n  was a b le  t o  b r in g  a b o u t  a pH- 

d e p e n d e n t i n h i b i t i o n  o f  th e  is o z y m e s  o f  l i g n in a s e  

w h ic h  was r e n d e re d  l a r g e l y  i n e f f e c t i v e  i n  th e  p re s e n c e  o f  

added  m e ta l io n s ,  th u s  p r o v id in g  an  e x p la n a t io n  o f  a l l  

th e  o b s e r v a t io n s  d e s c r ib e d  in  S e c t io n  3 . 4 . 8 .  In  a d d i t i o n ,  

th e  r e s u l t s  o f  a p r e l im in a r y  a n a l y s i s  o f  th e  c o m p o n e n t(s )  

p r e s e n t  i n  F r a c t i o n  V w i l l  be p r e s e n t e d ,  fro m  w h ic h  a 

t e n t a t i v e  i d e n t i f i c a t i o n  o f  t h e  i n h i b i t o r  i s  m ade, and 

w h ic h  i s  b a ck e d  up b y a s i m i l a r  p a t t e r n  o f  i n h i b i t i o n  o f  

v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  p ro d u ce d  u s in g  a t e s t  

compound b e lo n g in g  to  th e  same f a m i l y  o f  compounds a s  to  

t h a t  w h ic h  th e  i n h i b i t o r  h as  b een  p ro p o s e d  to  b e lo n g  t o .

3 . 5 . 2  E f f e c t  o f  pH on th e  i n h i b i t i o n  o f  l i g n in a s e  i n  th e
p re s e n c e  and  a b se n c e  o f  1 . OmM Mgz*

To d e te rm in e  w h e th e r  t h e  c o m p o n e n t (s )  i n  F r a c t i o n  V
? +w e re  a b le  t o  h e lp  e x p la in  th e  lo s s  o f  th e  a b i l i t y  o f  Mg 

t o  s t im u la t e  th e  l i g n in a s e  a c t i v i t y  o f  t h e  iso z y m e s  o f  

l i g n i n a s e  a c t i v i t y  a s  d e s c r ib e d  i n  S e c t io n  3 . 4 . 8 ,  i t  was 

d e c id e d  t o  a s s a y  th e  is o z y m e s  i n  t h e  p r e s e n c e  o f  an  

a l i q u o t  o f  F r a c t i o n  V .

I n i t i a l l y ,  t h e  e f f e c t  o f  a r a n g e  o f  c o n c e n t r a t io n s  

o f  F r a c t i o n  V on th e  l i g n i n a s e  a c t i v i t y  o f  Iso z ym e  I  was 

i n v e s t i g a t e d  a s  d e s c r ib e d  i n  S e c t io n  2 . 7 . 2 .  From  th e  

r e s u l t s  p r e s e n te d  i n  F i g .  41 , i t  c a n  be se e n  t h a t  th e  

a d d i t i o n  o f  an  a l i q u o t  o f  F r a c t i o n  V t o  t h e  a s s a y  m ix tu r e  

r e s u l t e d  i n  an  i n h i b i t i o n  o f  t h e  v e r a t r y l  a lc o h o l  o x id a s e
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Isozyme I was demonstrated by assaying the enzyme in a range of 
concentrations o-f Fraction V. All assays were carried oat as 
described in Section 2.2.2; with the numbers an the -figure 
referring to the volume of undiluted Fraction V Ci.a. relative to 
when it was eluted off the column; see Section 3.3.1) present in 

"DAch assay / . The total volume of tho assays was i. Oml.



a c t i v i t y  o f  Iso z ym e  I ,  and t h a t  th e  i n h i b i t i o n  o f  th e  

v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  was a p p a r e n t l y  d i r e c t l y  

r e l a t e d  to  th e  c o n c e n t r a t io n  o f  th e  F r a c t i o n  V t h a t  was 

p r e s e n t .
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I n  S e c t io n  3 . 4 . 5 ,  i t  w as shown t h a t  th e  a p p a re n t

s t im u la t i o n  o f  l i g n in a s e  a c t i v i t y  o f  th e  c o n c e n t r a t e d
- +

p r e p a r a t io n  o f  l i g n in a s e  by 1 . OmM Mg was p H - d e p e n d e n t . 

C o n s e q u e n t ly ,  u s in g  a d i l u t i o n  o f  F r a c t i o n  V w h ic h  had 

b een  p r e v io u s l y  shown to  o n ly  p a r t i a l l y  i n h i b i t  t h a t  th e  

v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  o f  Iso z ym e  I  when 

a s s a y e d  a t  pH 2.15, th e  i n h i b i t i o n  o f  th e  v e r a t r y l  

a l c o h o l  o x id a s e  a c t i v i t y  o f  e a c h  o f  th e  is o z y m e s  o f  

l i g n in a s e  w as th e n  in v e s t i g a t e d  o v e r  a r a n g e  o f  pH v a lu e s  

a s  d e s c r ib e d  i n  S e c t io n  2 . 7 . 3 .  I n  a d d i t i o n ,  t o  d e te rm in e  

w h e th e r  a n y  i n h i b i t i o n  o f  th e  iso z y m e s  o f  l i g n i n a s e  was 

r e n d e re d  i n e f f e c t i v e  in  th e  p re s e n c e  o f  M g2+ io n s ,  th e  

d e t e r m in a t io n  o f  th e  pH optim um  o f  th e  is o z y m e s  o f  

l i g n in a s e  when a s s a y e d  in  th e  p re s e n c e  o f  an  a l i q u o t  o f  

F r a c t i o n  V , was a l s o  r e p e a te d  in  th e  p r e s e n c e  o f  1 . OmM 

Mg ; s e e  a l s o  S e c t io n  2 . 7 . 3 .  The r e s u l t s  o b ta in e d  f o r  

Is o z ym e s  I ,  I I I  and  IV  a r e  sum m arised  in  F i g s .  35, 36 and 

37 , r e s p e c t i v e l y ,  w h e re  i t  ca n  be b r o a d ly  c o n c lu d e d  t h a t  

f o r  e a ch  o f  th e  t h r e e  is o z y m e s , th e  i n h i b i t i o n  o f  

l i g n in a s e  was p H - d e p e n d e n t, and was p a r t i a l l y  r e v e r s e d  in  

th e  p re s e n c e  o f  1 . OmM Mg2+.
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3 . 5 . 3  S p e c t r a l  p r o p e r t i e s

The U V / v i s ib l e  s p e c tru m  o f  F r a c t i o n  V i s  shown in  

F i g .  42 . I t  ca n  be s e e n  t h a t  b e tw e e n  600nm and c .3 20nm , 

th e  s p e c tru m  shows no d i s c e r n i b l e  f e a t u r e s ,  and  t h a t  

b e lo w  c .3 20nm , th e  a b s o rb a n c e  in c r e a s e s  s t e a d i l y  a s  th e  

w a v e le n g th  te n d s  to w a rd s  200nm.

3 . 5 . 4  D e te r m in a t io n  o f  th e  p r e s e n c e  o f  p r o t e in  and
c a r b o h y d r a t e  i n  F r a c t i o n  V

When F r a c t i o n  V was a s s a y e d  t o  d e te rm in e  w h e th e r  

i t  c o n ta in e d  an y  p r o t e i n ,  i t  w as fo u n d  t h a t  no p r o t e in  

w as a b le  t o  be d e t e c t e d ;  s e e  S e c t io n  2 . 5 . 7 .  H o w e ve r, 

when F r a c t i o n  V w as a s s a y e d  t o  d e te rm in e  w h e th e r  i t  

c o n t a in e d  an y  c a r b o h y d r a t e ,  i t  w as fo u n d  t h a t  u s in g  a 

s t a n d a r d  o f  D - g lu c o s e ,  th e  c o n c e n t r a t io n  o f  c a r b o h y d r a t e  

p r e s e n t  i n  F r a c t i o n  V a s  i t  w as e lu t e d  fro m  th e  co lu m n , 

was 0 .12 m g.m l *. The maximum a b s o rb a n c e  o f  t h e  c o lo u r  

d e v e lo p e d  in  th e  c a r b o h y d r a t e  a s s a y  was 480nm, se e  F i g .  

43. T h u s , i t  was c o n c lu d e d  t h a t  th e  p re d o m in a n t  com

p o n e n t o f  th e  c a r b o h y d r a t e  p r e s e n t  i n  F r a c t i o n  V was 

e i t h e r  a p e n to s e  s u g a r  o r  a u r o n ic  a c id  (D u b o is  e t  a l .  

1956)  .

3 . 5 . 5  D e te r m in a t io n  o f  th e  p r e s e n c e  o f  u r o n ic  a c id s

I t  was fo u n d  t h a t  when F r a c t i o n  V was a s s a y e d  as  

d e s c r ib e d  in  S e c t io n  2 . 7 . 4 ,  t h e  p re s e n c e  o f  b o r a t e  io n s  

r e s u l t e d  i n  a s i g n i f i c a n t  d i f f e r e n c e  o f  th e  s p e c tru m  o f  

th e  a s s a y  s o lu t i o n ,  w i t h  th e  r e s u l t a n t  g e n e r a t io n  o f  a 

ch ro m o p h o re  h a v in g  a maximum a b s o rb a n c e  a t  450nm, s e e
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F i g .  42 UV /  v i s i b l e  s p e c t r u m  o-f F r a c t i o n  V

The UV / v i s i b l e  s p e c tru m  o-f F r a c t i o n  V w as p e r fo rm e d  u s in g  te n

t im e s  d i l u t e d  m a t e r ia l  ( r e l a t i v e  to  wnen i t  was e lu t e d  o-f-f th e  

co lu m n ; s e e  S e c t io n  3 . 3 . 1 ) ,  u s in g  q u a r tz  c u v e t t e s  w i t h  a 1cm l i g h t  

p a th  in  a P e r k in  E lm e r  P E —533 s p e c t ro p h o to m e te r  a g a in s t  a w a te r

b l a n k .
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V_was assayed -for the presence o-f carbohydrate by the phenol
sulphuric method

F i g .  43  S p e c t r u m - o - f  t h e  c o l  o u r  ad  s o l u t i o n  p r o d u c e d  when F r a c t i o n

400 500 600
Wavelength / nm

The concentrati on o-f carbohydrate in undiluted Fraction V 
(relative to when it was eluted o-r-f the column; see Section u.c.. 
was carried out using the phenol sulphuric acid method as 
described in Section 2.2.7.

1 )



F i g .  44. T h is  r e s u l t  i n f e r s  t h a t  F r a c t i o n  V c o n t a in e d  

u r o n ic  a c i d ( s )  w i t h  u n s u b s t i t u t e d  th r e o  h y d r o x y l  g ro u p s  

a t  t h e i r  C-3 - C-4 p o s i t i o n s  ( S c o t t  1979 ) .

U n f o r t u n a t e l y ,  t h i s  a s s a y  was o n ly  u sed  to  

d e te rm in e  w h e th e r  o r  n o t  u r o n ic  a c id  was p r e s e n t  in  

F r a c t i o n  V , and was n o t  u sed  t o  e s t im a t e  th e  p r e c i s e  

c o n c e n t r a t io n  o f  th e  u r o n ic  a c i d ( s )  t h a t  was d e t e c t e d ;  

h o w e v e r , i f  th e  u r o n ic  a c id  com ponent d e t e c t e d  a b o ve  

showed a s i m i l a r  d e g re e  o f  r e a c t i v i t y  as D - g a la c t u r o n ic  

a c i d ,  th e n  i t  m ig h t  be e s t im a te d  t h a t  th e  c o n c e n t r a t io n  

o f  u r o n ic  a c id  p r e s e n t  was c .8 0 u g .m l 1 ( S c o t t  1979 ; s e e  

a l s o  The D is c u s s io n  to  t h i s  t h e s i s ) .

3 . 5 . 6  HPLC a n a l y s i s  o f  F r a c t i o n  V

The r e s u l t s  p r e s e n te d  i n  F i g .  45, show t h a t  when 

F r a c t i o n  V was a n a ly s e d  u s in g  th e  HPLC s y s te m  d e s c r ib e d  

in  S e c t io n  2 . 7 . 5 ,  t h e r e  w e re  a p p a r e n t l y  tw o  com p onen ts  

p r e s e n t  t h a t  w e re  e lu t e d  v e r y  c lo s e  t o g e t h e r ,  and  w i t h  a 

r e l a t i v e l y  s h o r t  r e t e n t i o n  t im e ;  t h u s ,  i n f e r r i n g  t h a t  

t h e y  w e re  b o th  v e r y  p o la r  i n  n a t u r e .

3 . 5 . 7  C o m p ariso n  o f  th e  i n h i b i t i o n  o f  l i g n i n a s e  i n  th e  
p re s e n c e  o f  h e p a ra n  s u lp h a t e  w it h  th e  i n h i b i t i o n  
o f  l i g n in a s e  in  th e  p re s e n c e  o f  F r a c t i o n  V

I t  was fo u n d  t h a t  when Iso z ym e  I  was a s s a y e d  a s

d e s c r ib e d  in  S e c t io n  2 . 2 . 2 ,  e x c e p t  i n  th e  p r e s e n c e  o f

20mM p h o s p h a te  b u f f e r  pH 2 . 5 ,  and i n  th e  p r e s e n c e  o f  a

ra n g e  o f  c o n c e n t r a t io n s  o f  h e p a ra n  s u lp h a t e  ( S i g m a ) ,  a

s i m i l a r  p a t t e r n  o f  l i g n in a s e  i n h i b i t i o n  was o b s e rv e d
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Fig. 44 E-f-fget o-f borate ions on the spectrum 
o-f Fraction v when assayed -for the presence o-f 
uronic acids by the Scott method

The presence o-f uranic acids in undiluted Fraction V (relative 
to when it was eluted a-f-f the column: see Section 3.3.1) was
carried out using the Scott method as described in Section 2-7.4.
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Fig. 45 HPL.C analysis or Fraction V
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Undiluted Fraction V (relative to when it was eluted off the 
column; see Section 3.3.1) was fiiterd through a 45jum Millipara 
filter, and then analysed using the H F L S  system described in 
Section 2-7-5. The components separated were monitored at 230nm.



com pared  t o  t h e  i n h i b i t i o n  b ro u g h t  a b o u t  b y  a ra n g e  o f  

d i l u t i o n s  o f  F r a c t i o n  V ; s e e  F i g s .  41 and 46 .

In  a d d i t i o n , i t  was a l s o  fo un d  t h a t  th e  i n h i b i t i o n  

o f  th e  v e r a t r y l  a l c o h o l  o x id a s e  a c t i v i t y  o f  Iso z ym e  I  i n  

th e  p re s e n c e  o f  h e p a ra n  s u lp h a t e ,  was v e r y  much re d u c e d  

a t  pH 3 .0  co m p ared  to  pH 2 . 5 ;  h o w e v e r , u n l i k e  th e  

i n h i b i t i o n  o f  l i g n i n a s e  b ro u g h t  a b o u t  by F r a c t i o n  V , 

t h e r e  was no s i g n i f i c a n t  r e d u c t io n  i n  th e  i n h i b i t i o n  i n  

th e  p re s e n c e  o f  1 . OmM Mg ; com pare  F i g .  35 and T a b le  

16.

3 . 5 . 8  E f f e c t  o f  lo w  c o n c e n t r a t io n s  o f  t h e  i n h i b i t o r  on 
th e  Km f o r  v e r a t r y l  a l c o h o l

T h is  w as c a r r i e d  o u t  a s  d e s c r ib e d  i n  S e c t io n

2 . 7 . 7 .  I t  c a n  be se e n  fro m  th e  r e s u l t s  p r e s e n te d  i n

F i g s .  47 and  48 t h a t  i n c r e a s in g  c o n c e n t r a t io n s  o f  th e

i n h i b i t o r  le d  t o  a c o r r e s p o n d in g  in c r e a s e  i n  th e  K , and

a s im u lta n e o u s  d e c r e a s e  i n  th e  V ; t h u s ,  th e s e  r e s u l t smax
do n o t  c l e a r l y  show th e  p r e c i s e  n a tu r e  o f  t h e  i n h i b i t i o n  

o f  l i g n i n a s e  (R u d o lp h ,  1983; s e e  a l s o  The  D is c u s s io n  to  

t h i s  t h e s i s ) .

1 8 3



1 8 4

Fig. 46 E-ftect of a range of ccncgntrations of heparan sulphate 
on the veratryi alcohol oxidase activity of Isozyme I

The inhibition o-f the veratryi alcohol oxidase activity of 
Isozyme I was determined using a range of dilutions of a 
5.0mg.mi-i- stock solution of heparan sulphate as described in 
section 2.7.6. The numbers on the figure refer to to the dilution 
of the stock solution of heparan sulphate.
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Table 16 E-F-fect o-f pH and 1. OmM Mg2- ions 
on the inhibition o-f the veratryl alcohol 
oxidase activity o-f Isozyme I by heparan 
sulphate

'A Inhibition o-f veratryl alcohol 
oxidase activity

Control
(no h.p.*, no Mg2-)
pH 2.5 0

pH 3.0 0

+ h.p.*, no Mg2—
pH 2.5 82

pH 3.0 15

+ h.p.*, + Mg2-
pH 2.5 86

pH 3.0 16

(Where * = heparan sulphate)
The above set o-f results were obtained when heparan sulphate was 

used at a -final oncentration o-f 0.5 jjg.ml-1; the control enzyme 
activity was l.S U.ml-1 at pH 2.5, and 1.5 U.ml-1 at pH 3.0 (see

Section)-
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Fig. 47 Effect of two concentrations of Fraction V on the intia. 
rate or veratrvl alcohol oxidase activity of Isozyme I when

1 8  6

assayed in the presence o-f a range of concentrations o-f veratryl

This was carried out as described in Section 2.7.7. The two 
concentrat i ons o-f Fraction V were 5ul and lOul of 100 times 
diluted Fraction V (relative to when it was eluted of* the column;

^ P P S SC t  1 Q n *—> * m 1  ̂ *
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Fig. 48 Er-fect o-f two ccncsn tr at i ons o-f Fracticn V 
on the determination o-f the -For veratrvl alcchol 
and the o-f veratryl alcohol oxidase acivity
cf Isozyme 1

I

(Concentration o-f veratryl alcohol / mM)-x

This experment was carried out as described in Secton 2.7.7. The 
two concentrations o-f Fraction V were 5pl and 10pl o-f 100 times 
diluted Fraction V (relative to when it was eluted o-f-f the column;
see Section 3-3-1).

Control + 5jpl + 10)JLl

Km / y M 107.8 121.4 269.0

/ U 3. 14 2- 74 1.62
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4. DISCUSSION

4 . 1  P r o d u c t i o n  o f  l i g n i n a s e  u s i n g  s t a t i o n a r y  a n d  a g i t a t e d  
c u l t u r e s  o f  P . c h r y s o s p o r i u m

4 . 1 . 1  S t a t i o n a r y  c u l t u r e s

In the Introduction to this thesis, it was 
described that ligninase was first produced in low volume 
non-induced stationary submerged cultures of P. 
chrysosporium (Tien and Kirk, 1 9 8 3 ;  Glenn et al., 1 9 8 3 ) .  

These culture conditions had in fact been reached through 
the optimisation of the complete ligninolytic system 
(Kirk et al., 1 9 7 8 ) ;  however, since ligninase was shown 
to exhibit the two main criteria by which lignin 
degradation had been previously assessed, i.e. to degrade 
lignin model compounds and also to partially degrade 
1^C-labelled lignin (see Section 1 . 3 . 2 . 1 ) ,  it did not 
seem unreasonable to assume that the optimal culture

not
conditions for the production of ligninase should^ be 
significantly different, or would improve drastically 
through further optimisation, to those conditions used 
for the production of the complete ligninolytic system.

In this thesis, it is described how stationary 
cultures of P. chrysosporium were used to demonstrate 
that not only was ligninase activity apparently inducible, 
but that it was also able to be produced using agar- or
foam-immobilised cultures.
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T h e  i n d u c t i o n  o f  l i g n i n a s e  w a s  f i r s t  o b s e r v e d  w h e n  

i t  w a s  n o t i c e d  t h a t  a u t o c l a v e d  g l u c o s e  p r o d u c e d  a  h i g h e r  

t i t r e  o f  l i g n i n a s e  t h a n  f i l t e r - s t e r i l i s e d  g l u c o s e .  S i n c e  

i t  i s  k n o w n  t h a t  t h e  h e a t i n g  o f  g l u c o s e ,  e s p e c i a l l y  i n  

a c i d i c  e n v i r o n m e n t s ,  l e a d s  t o  t h e  g e n e r a t i o n  o f  s m a l l  

q u a n t i t i e s  o f  5 - h y d r o x y  m e t h y l  f u r f u r a l  ( H a w o r t h  a n d  

J o n e s ,  1 9 4 4 ) ,  i t  w a s  d e c i d e d  t o  t e s t  w h e t h e r  t h e  a d d i t i o n  

o f  t h i s  c o m p o u n d  t o  f i l t e r - s t e r i l i s e d  g l u c o s e  w o u l d  m i m i c  

t h e  e f f e c t  o f  t h e  a u t o c l a v i n g .  I t  w a s  f o u n d  t h a t  

i n c r e a s i n g  t i t r e s  o f  l i g n i n a s e  w e r e  p r o d u c e d  w i t h  

i n c r e a s i n g  c o n c e n t r a t i o n s  o f  t h e  f u r f u r a l  c o m p o u n d ;  a n d  

h e n c e  t h a t  t h e  p r o d u c t i o n  o f  l i g n i n a s e  w a s  a p p a r e n t l y  

i n d u c i b l e  b y  5 - h y d r o x y  m e t h y l  f u r f u r a l .  I n  f a c t ,  u s i n g  

" f u r f u r a l - i n d u c e d "  c u l t u r e s  o f  P .  c h r y s o s p o r i u m , a  h i g h e r  

t i t r e  o f  l i g n i n a s e  w a s  p r o d u c e d  t h a n  w i t h  t h e  s t a n d a r d  

a u t o c l a v e d  g l u c o s e  c u l t u r e s ;  t h e  f u r f u r a l  c o m p o u n d  a l s o  

r e s u l t i n g  i n  p e a k  l i g n i n a s e  a c t i v i t y  b e i n g  r e a c h e d  2 4  

h o u r s  e a r l i e r .

I t  w a s  a l s o  s h o w n  t h a t  o r g a n o s o l v  l i g n i n  l e d  t o  

t h e  i n d u c t i o n  o f  l i g n i n a s e ,  a n d  t h a t  t h e  i n d u c t i o n  i t s e l f  

w a s  c a u s e d  b y  i n s o l u b l e  p a r t i c u l a t e  m a t e r i a l  p r e s e n t  i n  

t h e  o r g a n o s o l v  p r e p a r a t i o n .  T h e s e  r e s u l t s  w e r e  a p p a r e n t l y  

i n  c o n t r a s t  t o  t h e  f i n d i n g s  o f  K e y s e r  e t  a l .  ( 1 9 7 8 )  w h o  

w e r e  u n a b l e  t o  d e m o n s t r a t e  t h a t  t h e  p r e s e n c e  o f  l i g n i n  l e d  

t o  i n c r e a s e d  l i g n i n o l y t i c  a c t i v i t y ,  a n d  h e n c e  c o n c l u d e d  

t h a t  t h e  l i g n i n o l y t i c  s y s t e m  w a s  n o n - i n d u c i b l e .  T h e  

i n d u c t i o n  o f  l i g n i n a s e  b y  a  v a r i e t y  o f  l i g n i n - r e l a t e d  

c o m p o u n d s  w a s  s u b s e q u e n t l y  p u b l i s h e d  b y  F a i s o n  a n d  K i r k  

( 1 9 8 5 )  .
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D u r i n g  t h e  c o u r s e  o f  w r i t i n g  t h i s  t h e s i s ,  d a t a  h a s  

r e c e n t l y  b e e n  p r e s e n t e d  b y  T o n o n  e t  a l . ( 1 9 8 7 )  w h i c h

s h o w e d  t h a t  v e r a t r y l  a l c o h o l  m a y  a c t  m o r e  a s  a  " p r o t e c t o r "  

r a t h e r  t h a n  a n  " i n d u c e r " .  T h e  r e s u l t s  o f  t h e i r  s t u d i e s  

d e m o n s t r a t e d  t h a t  i n  t h e  p r e s e n c e  o f  v e r a t r y l  a l c o h o l ,  t h e  

i s o z y m e  o f  l i g n i n a s e  h a v i n g  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y ,  

w a s  a p p a r e n t l y  p r o t e c t e d  f r o m  t h e  d e l e t e r i o u s  e f f e c t s  o f  

h y d r o g e n  p e r o x i d e ,  w h e r e a s ,  o t h e r  i s o z y m e s  w e r e  n o t  p r o 

t e c t e d  a n d  t h u s  b e c a m e  m o r e  r a p i d l y  i n a c t i v a t e d  .

T h e  i m m o b i l i s a t i o n  o f  P .  c h r y s o s p o r i u m  w a s  

i n v e s t i g a t e d  a s  a  f i r s t  s t e p  t o w a r d s  t h e  e v e n t u a l  u s e  o f  

t h e  s a m e  f u n g a l  b i o m a s s  o f  P .  c h r y s o s p o r i u m  f o r  t h e  

p r o d u c t i o n  o f  s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e .  I n  t h e  

R e s u l t s  s e c t i o n  o f  t h i s  t h e s i s ,  h o w e v e r ,  i t  w a s  

d e m o n s t r a t e d  t h a t  P .  c h r y s o s p o r i u m  w a s  a b l e  t o  p a r t i a l l y  

s o l u b i l i s e  t h e  a g a r  i m m o b i l i s a t i o n  s u p p o r t  d u r i n g  i t s  

p r i m a r y  p h a s e  o f  g r o w t h ;  a n d  h e n c e  a n  a l t e r n a t i v e  

i m m o b i l i s a t i o n  s u p p o r t  t h a t  w o u l d  r e m a i n  u n a f f e c t e d  b y  t h e  

p r e s e n c e  o f  t h e  f u n g u s  w a s  d e s i r e d .  T h i s  l e d  t o  t h e  u s e  

o f  p o l y u r e t h a n e  f o a m  a s  a n  a l t e r n a t i v e  -  i n e r t  -  

i m m o b i l i s a t i o n  s u p p o r t  ( T h e p e n i e r  e t  a l . , 1 9 8 5 ) .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s o l u b i l i s a t i o n  

o f  t h e  a g a r  b y  P .  c h r y s o s p o r i u m  o c c u r r e d  d u r i n g  p r i m a r y  

m e t a b o l i s m ,  a n d  t h a t  i t  h a s  b e e n  r e p o r t e d  t h a t  t h e  f u n g u s  

i s  a b l e  t o  u s e  o t h e r  p o l y s a c c h a r i d e s ,  s u c h  a s  c e l l u l o s e ,  

a s  g r o w t h  s u b s t r a t e s  a l s o  d u r i n g  p r i m a r y  m e t a b o l i s m  ( K i r k  

e t  a l . ,  1 9 7 6 ) .  I n  c o n t r a s t  t o  t h e s e  r e s u l t s ,  h o w e v e r ,  

L i n k o  e t  a l .  ( 1 9 8 6 ) ,  u s i n g  t h e  s a m e  s t r a i n  o f  f u n g u s ,
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d e s c r i b e  t h e  u s e  o f  a g a r  b e a d s  a s  a n  i m m o b i l i s a t i o n  

s u p p o r t  w i t h o u t  r e p o r t i n g  a n y  p r o b l e m s  o f  a g a r  s o l u b i l i 

s a t i o n .  T h i s  a p p a r e n t  d i f f e r e n c e  i n  r e s u l t s  m a y  e i t h e r  

h a v e  b e e n  d u e  t o  g e n e t i c  d i f f e r e n c e s  i n  t h e  t w o  s t r a i n s  o f  

f u n g i  t h a t  m i g h t  h a v e  o c c u r r e d  d u r i n g  c o n t i n u e d  s e r i a l  

s u b - c u l t u r i n g ,  o r  s i m p l y  d u e  t o  t h e  d i f f e r e n c e s  i n  c u l t u r e  

c o n d i t i o n s ;  f o r  e x a m p l e ,  L i n k o  e t  a l . ( 1 9 8 7 )  g r e w  t h e i r  

f u n g u s  u n d e r  c o n d i t i o n s  o f  c a r b o n  l i m i t a t i o n ,  a n d  w i t h  

c u l t u r e  a g i t a t i o n ,  w h e r e a s ,  i n  t h i s  t h e s i s ,  a g a r -  

i m m o b i l i s e d  c u l t u r e s  o f  P .  c h r y s o s p o r i u m  w e r e  g r o w n  i n  

n i t r o g e n - l i m i t e d ,  s t a t i o n a r y  c u l t u r e s .

T h e  a g a r - i m m o b i l i s e d  c u l t u r e s  o f  P .  c h r y s o s p o r i u m  

w e r e  o n l y  e v e r  s h o w n  t o  p r o d u c e  a p p r o x i m a t e l y  h a l f  t h e  

t i t r e  o f  l i g n i n a s e  c o m p a r e d  t o  c o n t r o l  c u l t u r e s .  T h i s  w a s  

u n d o u b t e d l y  d u e  t o  t h e  d i l u t i o n  e f f e c t  o f  t h e  s t e r i l e  

d i s t i l l e d  w a t e r  t o p  l a y e r  u s e d  i n  t h i s  t e c h n i q u e .  How

e v e r ,  d u r i n g  t h e  p r e l i m i n a r y  a s s e s s m e n t  o f  p o l y u r e t h a n e  

f o a m  a s  a n  i m m o b i l i s a t i o n  s u p p o r t ,  i t  w a s  e v i d e n t  t h a t  a t  

l e a s t  o n e  o f  t h e  f o a m s  i n v e s t i g a t e d  w a s  a b l e  t o  l e a d  t o  

t h e  p r o d u c t i o n  o f  a p p r o x i m a t e l y  t w i c e  t h e  t i t r e  o f  

l i g n i n a s e  c o m p a r e d  t o  t h e  c o n t r o l  c u l t u r e s .  T h e  u s e  o f  

p o l y u r e t h a n e  f o a m  a s  a n  i m m o b i l i s a t i o n  s u p p o r t  i s  d i s 

c u s s e d  f u r t h e r  i n  S e c t i o n  4 . 1 . 2 .

4 . 1 . 2  A g i t a t e d  c u l t u r e s

S t a t i o n a r y  c u l t u r e s  o f  P .  c h r y s o s p o r i u m  g r o w  a s  

m y c e l i a l  m a t s ,  w h e r e a s  t h e  a g i t a t i o n  o f  c u l t u r e s  r e s u l t s  

i n  t h e  f o r m a t i o n  o f  d i s c r e t e  m y c e l i a l  p e l l e t s .  I n  e a r l y



i n v e s t i g a t i o n s ,  i t  w a s  r e p o r t e d  t h a t  t h e  f o r m a t i o n  o f  

m y c e l i a l  p e l l e t s  l e d  t o  a  s u p p r e s s i o n  o f  l i g n i n  

d e g r a d a t i o n  a n d  a l s o  o f  t h e  b r e a k d o w n  o f  l i g n i n  m o d e l  

c o m p o u n d s  ( K i r k  e t  a l . ,  1 9 7 8 ;  W e i n s t e i n  e t  a l . ,  1 9 8 0 ;  

G o l d s b y  e t  a l . ,  1 9 8 0 ) .  H o w e v e r ,  s u b s e q u e n t  i n v e s t i g a t i o n s  

h a v e  s h o w n  t h a t  l i g n i n  d e g r a d a t i o n  i s  e q u a l l y  a s  e f f e c t i v e  

i n  a g i t a t e d  c u l t u r e s  ( R e i d  e t  a l . ,  1 9 8 5 ) ,  a n d  a l s o  t h a t  i t  

i s  p o s s i b l e  t o  u s e  t h e  a g i t a t i o n  o f  c u l t u r e s  t o  f a c i l i t a t e  

t h e  s c a l e  u p  o f  p r o d u c t i o n  o f  l i g n i n a s e  ( s e e  S e c t i o n  

1 . 3 . 2 . 1 )  .

T h e  r e s u l t s  o f  t h i s  t h e s i s  h a v e  s h o w n  t h a t  t h e  

i m m o b i l i s a t i o n  o f  P .  c h r y s o s p o r i u m  i n  c u b e s  o f  

p o l y u r e t h a n e  f o a m  l e a d s  t o  t h e  p r o d u c t i o n  o f  i n c r e a s e d  

y i e l d s  o f  l i g n i n a s e  c o m p a r e d  t o  c o n t r o l  c u l t u r e s ,  a n d  

t h a t  t h e  p r e s e n c e  o f  t h e  f o a m  f a c i l i t a t e s  t h e  p r o d u c t i o n  

o f  s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e  u s i n g  t h e  s a m e  f u n g a l  

b i o m a s s .  I n  a d d i t i o n ,  i t  w a s  a l s o  s h o w n  t h a t  f o a m -  

i m m o b i l i s e d  p e l l e t s  o f  P .  c h r y s o s p o r i u m  w e r e  a b l e  t o  b e  

s t o r e d  f o r  p e r i o d s  o f  a t  l e a s t  t w o  m o n t h s  a t  4 ° C  w i t h  n o  

a p p a r e n t  l o s s  i n  t h e  a b i l i t y  t o  p r o d u c e  f r e s h  h a r v e s t s  o f  

l i g n i n a s e  a f t e r  c u l t u r e  r e a c t i v a t i o n .

L e i s o l a  e t  a l . ( 1 9 8 5 a )  h a v e  s h o w n  t h a t  i n  n i t r o g e n

l i m i t e d  c u l t u r e s ,  t h e  p r o d u c t i o n  o f  l i g n i n a s e  i s  d i r e c t l y  

p r o p o r t i o n a l  t o  p e l l e t  c o n c e n t r a t i o n  a n d  t h a t  t h e  o p t i m a l  

f u n g a l  p e l l e t  s i z e  w a s  1 . 0  t o  2 . 0  mm d i a m e t e r .  U s i n g  t h e  

f o a m  i m m o b i l i s a t i o n  t e c h n i q u e ,  t h e  f u n g a l  p e l l e t s  b e c o m e  

e m b e d d e d  i n  t h e  o p e n  p o r e s  o f  t h e  p o l y u r e t h a n e  f o a m ,  a n d  

t h u s  t h e  d i a m e t e r  o f  t h e  f u n g a l  p e l l e t s  i s  d e t e r m i n e d  b y

1 9 2
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t h e  p o r e  s i z e  o f  t h e  f o a m .  I n  t h i s  c a s e ,  i t  w a s  f o u n d  

t h a t  t h e  f o a m  w h i c h  y i e l d e d  t h e  h i g h e s t  t i t r e  o f  

l i g n i n a s e  h a d  a  p o r e  s i z e ,  a n d  h e n c e  g a v e  a  f u n g a l  

p e l l e t  s i z e ,  o f  0 . 8  t o  1 . 0 m m  d i a m e t e r .  I n  t h e  a b s e n c e  o f  

t h e  f o a m ,  i t  w a s  f o u n d  t h a t  p e l l e t s  w e r e  o f  v a r i a b l e  s i z e  

a n d  t h a t  t h e y  w o u l d  s o m e t i m e s  f u s e  t o g e t h e r  f o r m i n g  l a r g e  

c l u m p s  ( R e i d  e t  a l . ,  1 9 8 5 ) ;  h o w e v e r ,  i n  t h e  p r e s e n c e  o f  

t h e  f o a m ,  t h e  f o r m a t i o n  o f  c l u m p s  o f  p e l l e t s  w a s  a v o i d e d .  

T h u s  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  p r e s e n c e  o f  t h e  f o a m  

l e a d s  t o  a  c o n t r o l l e d  f u n g a l  p e l l e t  s i z e  w h i c h  a t  t h e  

s a m e  t i m e  a s  p r e v e n t i n g  t h e  f o r m a t i o n  o f  c l u m p s  o f  

p e l l e t s ,  a l l o w s  t h e r e  t o  b e  m o r e  i n d i v i d u a l  p e l l e t s  p e r  

u n i t  v o l u m e  o f  m e d i u m ,  a n d  a l s o  h e l p s  m a i n t a i n  a  m o r e  

u n i f o r m  d i f f u s i o n  o f  o x y g e n  i n t o  t h o s e  p e l l e t s  w h i c h  h a v e  

d e v e l o p e d  ( M i u r a  e t  a l . ,  1 9 7 5 ;  S c h u g e r l  e t  a l . ,  1 9 8 3 ;  

s e e  a l s o  L e i s o l a  e t  a l . ,  1 9 8 3 b ) .  H e n c e ,  i n  t h i s  w a y ,  t h e  

p r e s e n c e  o f  t h e  f o a m  u l t i m a t e l y  l e a d s  t o  a  m o r e  r i g i d  

c o n t r o l  o v e r  t h e  p r o d u c t i o n  o f  l i g n i n a s e  i n  a g i t a t e d  b a t c h  

c u l t u r e s  w h i c h  t h u s  r e s u l t s  i n  t h e  p r o d u c t i o n  o f  h i g h e r  

y i e l d s  o f  l i g n i n a s e  c o m p a r e d  t o  c o n t r o l  c u l t u r e s ,  w i t h  

r e d u c e d  v a r i a t i o n  b e t w e e n  r e p l i c a t e  f l a s k s ,  s e e  F i g .  1 1 .

I n  c o m p a r i s o n  t o  t h e  r e s u l t s  o f  o t h e r  g r o u p s  u s i n g  

t h e  s a m e  " w i l d  t y p e "  s t r a i n  o f  P .  c h r y s o s p o r i u m  i n  

a g i t a t e d  n i t r o g e n  l i m i t e d  c u l t u r e s ,  t h e  l e v e l s  o f  

l i g n i n a s e  r e p o r t e d  i n  t h i s  t h e s i s  c o m p a r e  f a v o u r a b l y  ( s e e  

L e i s o l a  e t  a l . ,  1 9 8 5 a ;  K i r k  e t  a l . ,  1 9 8 6 c ;  J a g e r  e t  a l . ,

1 9 8 5 ) .  T h e  h i g h e s t  l i g n i n a s e  a c t i v i t y  t h a t  L e i s o l a  e t  a l .  

( 1 9 8 5 a )  o b t a i n e d  w a s  1 1 8 U . 1  1. H o w e v e r ,  t h i s  w a s  p r o d u c e d
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i n  5 0 m l  o f  m e d i u m  i n  1 1  E r l e n m e y e r  f l a s k s ,  a n d  h e n c e  d o e s  

n o t  r e p r e s e n t  s u c h  a  h i g h  y i e l d  i n  t e r m s  o f  t o t a l  n u m b e r  

o f  u n i t s  o b t a i n e d  p e r  f l a s k  ( s e e  S e c t i o n  3 . 2 . 1 ) .

K i r k  e t  a l .  ( 1 9 8 6 c )  a l s o  o b t a i n e d  C . 1 1 8 U . 1  l , 

a l t h o u g h  t h i s  w a s  f o r  l o w  v o l u m e  s t a t i o n a r y  c u l t u r e s  

i n c u b a t e d  i n  t h e  p r e s e n c e  o f  a d d e d  v e r a t r y l  a l c o h o l  a n d  

a n  i n c r e a s e d  c o n c e n t r a t i o n  o f  m i n e r a l  s a l t s ;  n e v e r t h e l e s s ,  

t h i s  r e p r e s e n t s  a  c o n s i d e r a b l e  i m p r o v e m e n t  c o m p a r e d  t o  t h e  

t y p i c a l  l e v e l s  o f  l i g n i n a s e  p r e v i o u s l y  o b t a i n e d  i n  l o w  

v o l u m e  -  n o n - i n d u c e d  -  s t a t i o n a r y  c u l t u r e s ,  w h i c h  w a s  o n l y

C . 5 U . 1  1 ( s e e  S e c t i o n  3 . 1 ) .

J a g e r  e t  a l .  ( 1 9 8 5 )  o b t a i n e d  a  m a x i m u m  l i g n i n a s e  

a c t i v i t y  o f  C . 1 3 4 U . 1  1 w h e n  c u l t u r e s  w e r e  i n c u b a t e d  i n  

t h e  p r e s e n c e  o f  t h e  d e t e r g e n t  T w e e n  8 0 .  I n  t h i s  p a p e r ,  i t  

i s  s t a t e d  t h a t  s i m i l a r  r e s u l t s  w e r e  o b t a i n e d  w h e n  c u l t u r e  

v o l u m e s  a n d  f l a s k s  s i z e s  w e r e  i n c r e a s e d  p r o p o r t i o n a t e l y ;  

h o w e v e r ,  t h e  f i g u r e s  q u o t e d  o n l y  r e f e r  t o  3 0 m l  m e d i u m  i n  

1 2 5 m l  E r l e n m e y e r  f l a s k s .

I t  i s  a p p r o p r i a t e  t o  p o i n t  o u t  a t  t h i s  p o i n t ,  t h a t  

a n  a l t e r n a t i v e  a p p r o a c h  t o  t h e  s c a l i n g  u p  t h e  p r o d u c t i o n  

o f  l i g n i n a s e  i s  t o  u s e  m u t a n t s  o f  t h e  w i l d  t y p e  f u n g u s .

F o r  e x a m p l e ,  B u s w e l l  e t  a l . ( 1 9 8 4 )  i s o l a t e d  a  m u t a n t  

c a p a b l e  o f  p r o d u c i n g  o v e r  4 0 0 U . 1  1 w h e n  g r o w n  i n  n i t r o g e n  

l i m i t e d  l o w  v o l u m e  s t a t i o n a r y  c u l t u r e s  w i t h  g l y c e r o l  a s  

t h e  c a r b o n  s o u r c e ;  a n d  K i r k  e t  a l .  ( 1 9 8 6 c )  u s e d  a  m u t a n t  

s t r a i n  i n  a  d i s k  f e r m e n t o r  c o n t a i n i n g  2 . 5 1  o f  m e d i u m  

w h i c h  w a s  a b l e  t o  y i e l d  C . 1 1 5 U . 1  l .
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U n d o u b t e d l y  t h e  e a s i e s t  m e t h o d  o f  f a c i l i t a t i n g  t h e  

s c a l e  u p  o f  t h e  p r o d u c t i o n  o f  l i g n i n a s e ,  w a s  i l l u s t r a t e d  

b y  L e i s o l a  e t  a l .  ( 1 9 8 5 a )  w h o  c o m p a r e d  t h e  e f f e c t  o f  

c a r b o n -  v e r s u s  n i t r o g e n - l i m i t a t i o n  u p o n  t h e  p r o d u c t i o n  o f  

l i g n i n a s e  b y  t h e  w i l d  t y p e  s t r a i n  o f  P. c h r y s o s p o r i u m .

T h e y  f o u n d  t h a t  i n  c a r b o n  l i m i t e d  c u l t u r e s ,  t h e  y i e l d  o f  

l i g n i n a s e  w a s  6 7 0 U . 1  1 c o m p a r e d  t o  1 1 8 U . 1  1 p r o d u c e d  i n  

n i t r o g e n  l i m i t e d  c u l t u r e s .  H o w e v e r ,  i t  i s  i n t e r e s t i n g  t o  

n o t e  t h a t  t h i s  o b s e r v a t i o n  w a s  i n  c o n t r a s t  t o  t h e  p r e v i o u s  

o b s e r v a t i o n s  f o r  t h e  e f f e c t  o f  c a r b o n  l i m i t a t i o n  u p o n  

l i g n i n o l y t i c  a c t i v i t y  ( K i r k  e t  a l . ,  1 9 7 8 ;  F a i s o n  a n d  

K i r k ,  1 9 8 5 ) ,  a n d  a l s o  u p o n  l i g n i n a s e  a c t i v i t y  w h e n  p r o 

d u c e d  i n  t h e  a b s e n c e  o f  i n d u c e r  m o l e c u l e s  s u c h  a s  v e r a t r y l  

a l c o h o l  a n d  i n  s t a t i o n a r y  c u l t u r e s  ( F a i s o n  a n d  K i r k ,

1 9 8 5 )  .

I n  t h i s  t h e s i s ,  t h e  e f f e c t  o f  c a r b o n - l i m i t a t i o n  

u p o n  t h e  p r o d u c t i o n  o f  l i g n i n a s e  i n  f o a m - i m m o b i l i s e d  

c u l t u r e s  d i d  n o t  c o n s t i t u t e  a  m a j o r  p a r t  o f  t h e  i n v e s t i 

g a t i o n s  c a r r i e d  o u t .  H o w e v e r ,  u s i n g  t h e  t e c h n i q u e s  

d e v e l o p e d  i n  t h i s  t h e s i s ,  D o d s o n  a n d  K a m a l  ( U n p u b l i s h e d  

d a t a )  f o u n d  t h a t  c a r b o n  l i m i t a t i o n  d i d  l e a d  t o  t h e  

p r o d u c t i o n  o f  h i g h e r  y i e l d s  o f  l i g n i n a s e ,  a l t h o u g h  n o t  t o  

t h e  e x t e n t  t h a t  L e i s o l a  e t  a l .  h a v e  r e p o r t e d  ( 1 9 8 5 a ) .

This may have been due to the increased levels of iron 
used in the medium by Leisola et al. which was not 
mentioned in their manuscript (Leisola, personal
c o m m u n i c a t i o n ) .
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As m e n t i o n e d  a b o v e ,  t h e  u s e  o f  p o l y u r e t h a n e  f o a m  

f a c i l i t a t e s  t h e  p r o d u c t i o n  o f  s u c c e s s i v e  h a r v e s t s  o f  

l i g n i n a s e  f r o m  t h e  s a m e  f u n g a l  b i o m a s s .  F r e s h  h a r v e s t s  

o f  l i g n i n a s e  a r e  p r o d u c e d  b y  s i m p l y  d e c a n t i n g  t h e  e x t r a 

c e l l u l a r  m e d i u m  a n d  t h e n  r e p l a c i n g  i t  w i t h  a n  a p p r o p r i a t e  

d i l u t i o n  o f  f r e s h  m e d i u m ,  a n d  s i n c e  a l l  t h e  f u n g a l  p e l l e t s  

a r e  e m b e d d e d  i n  t h e  c u b e s  o f  f o a m  a n d  a l s o  t h e  c u b e s  o f  

f o a m  a r e  s a t u r a t e d  w i t h  l i q u i d  m e d i u m ,  t h e y  h a v e  a  g r e a t e r  

d e n s i t y  t h a n  t h e  l i q u i d  m e d i u m ,  a n d  t h u s  r e m a i n  i n  t h e  

f l a s k s  d u r i n g  t h e  a s e p t i c  r e p l a c e m e n t  o f  t h e  m e d i u m .

O t h e r  g r o u p s  h a v e  a l s o  r e p o r t e d  t h e  u s e  o f  i m m o b i l i s a t i o n  

s y s t e m s  f o r  t h e  p r o d u c t i o n  o f  s u c c e s s i v e  h a r v e s t s  o f  

l i g n i n a s e .  F o r  e x a m p l e ,  P a s z c z y n s k i  e t  a l .  ( 1 9 8 5  a n d  1 9 8 6 )  

h a v e  g r o w n  P .  c h r y s o s p o r i u m  o n  t h e  r o u g h e n e d  i n t e r i o r  

w a l l s  o f  a  2 0 1  c a r b o y .  T h e  l a t t e r  c o n t a i n e d  1 1  o f  m e d i u m  

a n d  w a s  p u r g e d  w i t h  o x y g e n  a n d  t h e n  s l o w l y  r o t a t e d  i n  a  

w a t e r  b a t h .  T h i s  s y s t e m  i s  r e l a t i v e l y  b u l k y  c o m p a r e d  t o  

t h e  f o a m  i m m o b i l i s a t i o n  t e c h n i q u e ,  a n d  i s  o n l y  a b l e  t o  

l e a d  t o  t h e  p r o d u c t i o n  o f  r e l a t i v e l y  v e r y  p o o r  h a r v e s t s  o f  

l i g n i n a s e .  I n  a n o t h e r  r e p o r t ,  L i n k o  e t  a l .  ( 1 9 8 6 )  

i m m o b i l i s e d  P .  c h r y s o s p o r i u m  i n  a g a r  o r  a g a r o s e  g e l  b e a d s .  

A s  d i s c u s s e d  a b o v e  ( s e e  S e c t i o n  4 . 1 . 1 ) ,  d u r i n g  t h e  e a r l y  

i n v e s t i g a t i o n s  o f  t h i s  t h e s i s ,  i t  w a s  o b s e r v e d  t h a t  P . 

c h r y s o s p o r i u m  w a s  a p p a r e n t l y  a b l e  t o  p a r t i a l l y  s o l u b i l i s e  

a g a r ,  w h e r e a s ,  L i n k o  e t  a l . d o  n o t  a p p e a r  t o  h a v e  s u f f e r e d  

f r o m  t h i s  p r o b l e m .  U s i n g  c a r b o n  l i m i t e d  m e d i u m  w i t h  t h e  

a g a r -  o r  a g a r o s e - i m m o b i l i s e d  f u n g u s ,  t h e y  r e p o r t  t h e  

p r o d u c t i o n  o f  l i g n i n a s e  i n  r e p e a t e d  b a t c h  c u l t u r e s ;  a n d ,  

i n  a d d i t i o n ,  u s i n g  f r e e  m y c e l i a l  p e l l e t s ,  t h e y  a l s o  r e p o r t
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t h e  p r o d u c t i o n  o f  l i g n i n a s e  i n  c o n t i n u o u s l y  r u n  h o r i z o n t a l  

a n d  v e r t i c a l  r e a c t o r s .  U s i n g  t h e  r e p e a t e d  b a t c h  c u l t u r e  

t e c h n i q u e ,  i . e .  t h e  s a m e  a p p r o a c h  a s  t h e  s e m i - c o n t i n u o u s  

c u l t u r e  m e t h o d  d e v i s e d  i n  t h i s  t h e s i s ,  L i n k o  e t  a l .  

o b t a i n e d  a  m a x i m u m  a c t i v i t y  o f  2 4 5 U . 1  1 w i t h  s u c c e s s i v e  

h a r v e s t s  b e i n g  p r o d u c e d  e v e r y  3 t o  4 d a y s .  T h e s e  r e s u l t s  

a r e  g r e a t e r  t h a n  t h e  l i g n i n a s e  a c t i v i t i e s  q u o t e d  i n  t h i s  

t h e s i s  f o r  n i t r o g e n  l i m i t e d  c u l t u r e s .  H o w e v e r ,  u s i n g  t h e  

t e c h n i q u e s  d e v e l o p e d  i n  t h i s  t h e s i s ,  a s  m e n t i o n e d  a b o v e ,  

D o d s o n  a n d  K a m a l  u s e d  t h e  f o a m  i m m o b i l i s a t i o n  t e c h n i q u e  

u n d e r  c o n d i t i o n s  o f  c a r b o n  l i m i t a t i o n ,  a n d  f o u n d  t h a t  n o t  

o n l y  d i d  i t  l e a d  t o  t h e  p r o d u c t i o n  o f  h i g h e r  y i e l d s  o f  

l i g n i n a s e  i n  b a t c h  c u l t u r e ,  b u t  a l s o  t h a t  w h e n  a d a p t e d  f o r  

t h e  s e m i - c o n t i n u o u s  m e t h o d  o f  l i g n i n a s e  p r o d u c t i o n ,  i t  l e d  

t o  t h e  p r o d u c t i o n  o f  h a r v e s t s  o f  l i g n i n a s e  w i t h  a  s i m i l a r  

m a g n i t u d e  t o  t h o s e  r e p o r t e d  b y  L i n k o  e t  a l . ( 1 9 8 6 ) ,  w i t h

a c t i v i t i e s  b e i n g  p r o d u c e d  b e t w e e n  1 5 0  a n d  3 0 0 U . 1  * ,  a n d  

w i t h  h a r v e s t s  b e i n g  p r o d u c e d  e v e r y  2 4  h o u r s .  I t  w a s  a l s o  

f o u n d  t h a t  a f t e r  s i x  h a r v e s t s  w h e n  t h e  e x p e r i m e n t  w a s  

s t o p p e d ,  t h e r e  w e r e  n o  i n d i c a t i o n s  t h a t  t h e  p r o d u c t i o n  o f  

s u c c e s s i v e  h a r v e s t s  w a s  a b o u t  t o  t a i l  o f f .  O b v i o u s l y ,  t h e  

p r o d u c t i o n  o f  l i g n i n a s e  u s i n g  c a r b o n  l i m i t e d  f o a m  

i m m o b i l i s e d  c u l t u r e s  o f  P .  c h r y s o s p o r i u m  m e r i t s  f u r t h e r  

i n v e s t i g a t i o n .

T h e  c o n t i n u o u s  p r o d u c t i o n  o f  l i g n i n a s e  r e p o r t e d  b y  

L i n k o  e t  a l .  ( 1 9 8 6 )  s h o w e d  t h a t  l i g n i n a s e  w a s  a p p a r e n t l y  

p r o d u c e d  i n  a  n u m b e r  o f  s u c c e s s i v e  c y c l e s .  T h i s  p r o b a b l y  

i n d i c a t e s  t h a t  t h e  m e d i u m  c o m p o s i t i o n  u s e d  i n  t h e i r  s t u d y



s t i l l  r e q u i r e d  t o  b e  o p t i m i s e d .  I n  a d d i t i o n ,  s i n c e  n o  

d a t a  w a s  g i v e n  f o r  t h e  f l o w  r a t e  o f  m e d i u m  u s e d ,  i t  i s  n o t  

p o s s i b l e  t o  c r i t i c a l l y  a s s e s s  t h e  t o t a l  n u m b e r  o f  u n i t s  

p r o d u c e d  b y  t h i s  a p p r o a c h .

O n e  f e a t u r e  o f  t h e  f o a m  i m m o b i l i s a t i o n  t e c h n i q u e  

t h a t  h a s  n o t  b e e n  r e p o r t e d  i n  a n y  o t h e r  s t u d y  i s  t h a t  i t  

c a n  b e  u s e d  t o  f a c i l i t a t e  t h e  s t o r a g e  o f  p e l l e t s  o f  P . 

c h r y s o s p o r i u m  a t  4 ° C ,  w i t h  n o  a p p a r e n t  l o s s  i n  t h e i r  

a b i l i t y  t o  p r o d u c e  f r e s h  h a r v e s t s  o f  l i g n i n a s e  a f t e r  

c u l t u r e  r e a c t i v a t i o n .

T h u s  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  u s e  o f  p o l y 

u r e t h a n e  f o a m  a s  a n  i m m o b i l i s a t i o n  s u p p o r t  r e p r e s e n t s  a  

c h e a p  a n d  v e r y  s i m p l e  m o d i f i c a t i o n  t o  e x i s t i n g  m e t h o d s  o f  

l i g n i n a s e  p r o d u c t i o n , r e s u l t i n g  i n  a  m o r e  u n i f o r m  

p r o d u c t i o n  o f  l i g n i n a s e  i n  b a t c h  c u l t u r e ,  a n d  a l s o  f a c i l i 

t a t i n g  t h e  p r o d u c t i o n  o f  s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e  

f r o m  t h e  s a m e  f u n g a l  b i o m a s s .  I n  a d d i t i o n ,  f o a m  

i m m o b i l i s e d  f u n g a l  p e l l e t s  c a n  b e  s t o r e d  a t  4 ° C  f o r  

p e r i o d s  o f  a t  l e a s t  t w o  m o n t h s  b e f o r e  b e i n g  u s e d  t o  p r o 

d u c e  f r e s h  s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e ;  t h u s  

e l i m i n a t i n g  t h e  t i m e  c o n s u m i n g  a n d  s k i l l e d  p r e p a r a t i o n  

t h a t  i s  r e q u i r e d  t o  e s t a b l i s h  f r e s h  l i g n i n o l y t i c  c u l t u r e s .  

F r o m  a n  e c o n o m i c  p o i n t  o f  v i e w ,  t h e  p r o d u c t i o n  o f  

l i g n i n a s e  u s i n g  f o a m  i m m o b i l i s e d  P .  c h r y s o s p o r i u m  i s  a l s o  

a t t r a c t i v e .  F o r  e x a m p l e ,  a s  m e n t i o n e d  a b o v e ,  p o l y u r e t h a n e  

f o a m  i s  c h e a p  a n d  d o e s  n o t  r e q u i r e  t h e  p u r c h a s e  o f  a n y  

o t h e r  e q u i p m e n t  t o  a d a p t  i t s  u s e  t o  e x i s t i n g  s y s t e m s  o f  

l i g n i n a s e  p r o d u c t i o n ;  b u t  i n  a d d i t i o n  t o  t h e s e  a d v a n t a g e s ,

198
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i t  a l s o  l e a d s  t o  a  s i g n i f i c a n t  l o n g  t e r m  s a v i n g  o n  t h e  

c o s t  o f  c h e m i c a l s  s i n c e  d u r i n g  t h e  p r o d u c t i o n  o f  

s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e ,  m e d i u m  c o m p o n e n t s  a r e  

u s e d  a t  o n e  f i f t h  o f  t h e  c o n c e n t r a t i o n  u s e d  i n  t h e  

o r i g i n a l  b a t c h  c u l t u r e .

4.2 Properties of ligninase before and after purification

4 . 2 . 1  I n t r o d u c t i o n

I n  t h i s  t h e s i s ,  t h e  e x a m i n a t i o n  o f  t h e  e f f e c t  o f  

pH u p o n  t h e  l i g n i n a s e  a c t i v i t y  o f  e n z y m e  p r e p a r e d  u s i n g  

t h e  f o a m  i m m o b i l i s a t i o n  t e c h n i q u e ,  w a s  s h o w n  t o  l e a d  t o  

t h e  e v e n t u a l  d i s c o v e r y  o f  a  p H - d e p e n d e n t  i n h i b i t o r  o f  

l i g n i n a s e  a c t i v i t y  t h a t  w a s  a p p a r e n t l y  r e n d e r e d  

i n e f f e c t i v e  i n  t h e  p r e s e n c e  o f  d i v a l e n t  m e t a l  i o n s .  

C o n s e q u e n t l y ,  t h e  e f f e c t  o f  pH a n d  o f  m e t a l  i o n s  u p o n  

l i g n i n a s e  a c t i v i t y  a n d  a l s o  t h e  i n h i b i t o r  i t s e l f ,  w i l l  b e  

d i s c u s s e d  s e p a r a t e l y ,  a n d  t h e  r e s t  o f  t h i s  s e c t i o n  w i l l  

d e a l  w i t h  a  g e n e r a l  d i s c u s s i o n  o f  s o m e  o f  t h e  o t h e r  

p r o p e r t i e s  o f  l i g n i n a s e  d e t e r m i n e d  i n  t h i s  t h e s i s  c o m p a r e d  

t o  t h e  r e s u l t s  o f  o t h e r  r e s e a r c h  g r o u p s .

4 . 2 . 2  G e n e r a l  p r o p e r t i e s  o f  l i g n i n a s e

T h e  p u r i f i c a t i o n  o f  t h e  i s o z y m e s  o f  l i g n i n a s e  b y  a  

c o m b i n a t i o n  o f  t r i s - a c r y l  DEAE a n d  Mono Q a n i o n - e x c h a n g e  

c h r o m a t o g r a p h y  w a s  s h o w n  t o  l e a d  t o  t h e  p u r i f i c a t i o n  o f  

t h r e e  i s o z y m e s  o f  l i g n i n a s e  t h a t  d i f f e r e d  i n  m o l e c u l a r  

w e i g h t ,  i s o e l e c t r i c  p o i n t ,  pH o p t i m u m  ( s e e  S e c t i o n  4 . 2 . 3 ) ,  

a n d  r e l a t i v e  % c a r b o h y d r a t e  p r e s e n t  c o m p a r e d  t o  p r o t e i n .



2 0 0

T h e  s e p a r a t i o n  a n d  p u r i f i c a t i o n  o f  m o r e  t h a n  o n e  i s o z y m e  

o f  l i g n i n a s e  p r o d u c e d  b y  P .  c h r y s o s p o r i u m  h a s  b e e n  

p r e v i o u s l y  w e l l  d o c u m e n t e d  ( s e e  S e c t i o n  1 . 3 . 2 . 1 ) ;  t h e  

n u m b e r  o f  i s o z y m e s  r e p o r t e d  v a r y i n g  f r o m  t w o  t o  f i f t e e n .  

T h e  r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  a r e  c o n s i s t e n t  w i t h  

t h e  r e s u l t s  o f  R e n g a n a t h a n  e t  a l . ( 1 9 8 5 )  a n d  K i r k  e t  a l .

( 1 9 8 6 c ) ,  w h o  b o t h  d e m o n s t r a t e d  t h a t  u s i n g  a n i o n - e x c h a n g e  

c o l u m n  c h r o m a t o g r a p h y ,  t h r e e  p r e d o m i n a n t  i s o z y m e s  o f  

l i g n i n a s e  w e r e  p r o d u c e d  i n  n i t r o g e n  l i m i t e d  c u l t u r e s  o f  

P .  c h r y s o s p o r i u m . I t  s h o u l d  b e  p o i n t e d  o u t ,  h o w e v e r ,  

t h a t  K i r k  e t  a l .  ( 1 9 8 6 c )  w e r e  a l s o  a b l e  t o  s h o w  t h a t  t h e  

t o t a l  n u m b e r  o f  p r o t e i n s  s h o w i n g  t h e  a b i l i t y  t o  o x i d i z e  

v e r a t r y l  a l c o h o l  w a s  a c t u a l l y  s i x ;  w h e r e a s ,  L e i s o l a  e t  

a l . ( 1 9 8 7 ) ,  u s i n g  a n a l y t i c a l  i s o e l e c t r i c  f o c u s i n g ,

r e p o r t e d  t h a t  t h e  t o t a l  n u m b e r  o f  p r o t e i n s  s h o w i n g  t h e  

s a m e  a p p a r e n t  a b i l i t y  w a s  t e n  f o r  n i t r o g e n  l i m i t e d  

c u l t u r e s  a n d  s e v e n  f o r  c a r b o n  l i m i t e d  c u l t u r e s .  I t  h a s  

b e e n  s u g g e s t e d  t h a t  t h e  r e a s o n s  f o r  t h i s  a p p a r e n t  

d i f f e r e n c e  i n  t h e  n u m b e r  o f  i s o z y m e s  o f  l i g n i n a s e  a b l e  t o  

b e  s e p a r a t e d  i s  d u e  t o  t h e  " i n c o m p l e t e  s e p a r a t i o n  a n d / o r  

i n a c t i v a t i o n  o f  m i n o r  p e r o x i d a s e  c o m p o n e n t s  d u r i n g  

p u r i f i c a t i o n "  ( s e e  a l s o  T o n o n  e t  a l . ,  1 9 8 7 ) ,  w i t h  t h e  

n u m b e r  o f  i s o z y m e s  p r e s e n t  v a r y i n g  f o r  d i f f e r e n t  t i m e s  o f  

h a r v e s t i n g  a n d  a l s o  f o r  d i f f e r e n t  n u t r i e n t  l i m i t a t i o n s  

( L e i s o l a  e t  a l . ,  1 9 8 7 ) .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  m a i n  i s o z y m e s  

o f  l i g n i n a s e  s e p a r a t e d  b y  R e n g a n a t h a n  e t  a l . ( 1 9 8 5 )  h a d  a  

m o l e c u l a r  w e i g h t  o f  c . 4 l K d ,  a n d  t h a t  t h e  m o l e c u l a r
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w e i g h t s  o f  t h e  o t h e r  t w o  i s o z y m e s  w e r e  c . 3 9 K d  a n d  c . 4 3 K d .  

S i m i l a r l y ,  L e i s o l a  e t  a l . ( 1 9 8 5 b )  a l s o  s h o w e d  t h a t  o f  t h e

t h r e e  m a i n  i s o z y m e s  s e p a r a t e d  b y  a n i o n - e x c h a n g e  c h r o m a 

t o g r a p h y ,  t h e  m o l e c u l a r  w e i g h t  o f  t h e  m a i n  i s o z y m e  w a s  

c . 4 2 K d ,  a n d  t h a t  t h e  m o l e c u l a r  w e i g h t s  o f  t h e  o t h e r  t w o  

i s o z y m e s  w e r e  c . 3 9 K d  a n d  c . 4 6 K d .  I n  c o n t r a s t  t o  t h e s e  

r e s u l t s ,  a l t h o u g h  t h e  m a i n  i s o z y m e  o f  l i g n i n a s e  p r o d u c e d  

t h r o u g h o u t  t h e  c o u r s e  o f  t h i s  t h e s i s ,  w a s  a l s o  s h o w n  t o  

h a v e  a  m o l e c u l a r  w e i g h t  o f  c . 4 2 K d ,  t h e  m o l e c u l a r  w e i g h t s  

o f  t h e  o t h e r  t w o  p r o t e i n s  w e r e  b o t h  g r e a t e r  t h a n  t h i s ,  

h a v i n g  a  m o l e c u l a r  w e i g h t  o f  c . 4 4 K d  a n d  c . 4 7 K d .  I t  i s  

n o t  k n o w n  w h y  t h e  m o l e c u l a r  w e i g h t s  o f  t h e  l e s s  a b u n d a n t  

i s o z y m e s  s h o u l d  d i f f e r  i n  t h i s  r e s p e c t  t o  t h e  r e s u l t s  o f  

o t h e r  g r o u p s ;  t h i s  m a y  r e f l e c t  d i f f e r e n c e s  i n  c u l t u r e  

c o n d i t i o n s ,  o r  p o s t - h a r v e s t i n g  p r o c e s s i n g ,  o r  i t  m a y  e v e n  

r e f l e c t  t h a t  a f t e r  a  n u m b e r  s u b - c u l t u r e s ,  t h e  s t o c k  

c u l t u r e  o f  P .  c h r y s o s p o r i u m  u s e d  i n  t h i s  s t u d y ,  m a y  h a v e  

m u t a t e d  s u c h  t h a t  a s  a  r e s u l t ,  i t  d i f f e r s  w i t h  r e s p e c t  t o  

t h e  s u p p o s e d l y  s a m e  " w i l d  t y p e "  s t r a i n  a s  u s e d  b y  o t h e r  

g r o u p s ,  i n  t h a t  p r o p e r t y  w h i c h  g i v e s  t h e  i s o z y m e s  t h e i r  

d i f f e r e n c e s  i n  m o l e c u l a r  w e i g h t .

I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  a s  w a s  m e n t i o n e d  i n  

S e c t i o n  3 . 4 . 2 ,  I s o z y m e  I V  m a y  a c t u a l l y  h a v e  c o n s i s t e d  o f  

t w o  i s o z y m e s  ( o r  u n r e l a t e d  p r o t e i n s )  o f  v e r y  s i m i l a r  

m o l e c u l a r  w e i g h t .  I f  t h i s  w a s  t h e  c a s e ,  t h e n  i t  s e e m s  

l i k e l y  t h a t  t h e  c . 4 7 K d  i s o z y m e  c h a r a c t e r i s e d  i n  t h i s  

t h e s i s  m a y  h a v e  b e e n  c o n t a m i n a t e d  w i t h  t h e  M n - d e p e n d e n t  

p e r o x i d a s e  r e p o r t e d  b y  K u w a h a r a  e t  a l . ( 1 9 8 4 )  a n d
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P a s z c z y n s k i  e t  a l .  ( 1 9 8 5 )  ( s e e  S e c t i o n  1 . 3 . 2 . 2 )  w h i c h  h a s  

b e e n  s h o w n  t o  h a v e  a  m o l e c u l a r  w e i g h t  o f  c . 4 6 K d .  

U n f o r t u n a t e l y ,  t h i s  p o s s i b i l i t y  w a s  n o t  i n v e s t i g a t e d  

f u r t h e r .

T h e  i s o e l e c t r i c  p o i n t s  o f  t h e  t h r e e  m a i n  i s o z y m e s  

o f  l i g n i n a s e  c h a r a c t e r i s e d  i n  t h i s  t h e s i s  w e r e  a t  pH 3 . 2 ,  

pH 2 . 9  a n d  pH 2 . 6 .  T h e s e  v a l u e s  a r e  s l i g h t l y  m o r e  a c i d i c  

t h a n  t h e  r e s u l t s  o b t a i n e d  b y  L e i s o l a  e t  a l . ( 1 9 8 5 b  a n d

1 9 8 7 ) .  F r o m  a n  a n a l y s i s  o f  t h e  a m i n o  a c i d  c o m p o s i t i o n  o f  

t h r e e  i s o z y m e s  o f  l i g n i n a s e ,  L e i s o l a  e t  a l . ( 1 9 8 7 )  c o n 

c l u d e d  t h a t  t h e  i s o e l e c t r i c  p o i n t s  o f  t h e  i s o z y m e s  o f  

l i g n i n a s e  w e r e  n o t  d i r e c t l y  r e l a t e d  t o  t h e  r e l a t i v e  

p r o p o r t i o n  o f  t h e  a c i d i c  a m i n o  a c i d  r e s i d u e s  p r e s e n t ,  a n d  

s i n c e  t h e  a m i n o  a c i d  a n a l y s i s  o f  t h e  m a i n  i s o z y m e  o f  

l i g n i n a s e  c h a r a c t e r i s e d  i n  t h i s  t h e s i s ,  s e e  T a b l e  1 2 ,  

s h o w e d  a  s i m i l a r  c o m p o s i t i o n  a s  t o  t h o s e  r e p o r t e d  b y  

L e i s o l a  e t  a l .  ( 1 9 8 7 ) ,  i t  m i g h t  b e  t e n t a t i v e l y  c o n c l u d e d  

t h a t  t h e  d i f f e r e n c e s  i n  t h e  i s o e l e c t r i c  p o i n t s  ( a n d  

m o l e c u l a r  w e i g h t s )  o f  d i f f e r e n t  i s o z y m e s  o f  l i g n i n a s e  i s  

d u e  t o  d i f f e r e n c e s  i n  t h e  n a t u r e  ( a n d  n u m b e r  o f  r e s i d u e s )  

o f  t h e  c a r b o h y d r a t e  m o i e t i e s  o f  d i f f e r e n t  i s o z y m e s .

T h i s  c o n c l u s i o n  i s  b a c k e d  u p  t o  a  c e r t a i n  e x t e n t  

b y  t h e  d a t a  p r e s e n t e d  i n  t h i s  t h e s i s ,  w h i c h  s h o w e d  t h a t  

t h e  % c a r b o h y d r a t e  p r e s e n t  r e l a t i v e  t o  p r o t e i n  r e v e a l e d  

f o r  t w o  o f  t h e  t h r e e  m a i n  i s o z y m e s  o f  l i g n i n a s e ,  I s o z y m e s  

I  a n d  I I I ,  ( s e e  S e c t i o n  3 . 3 . 2 ) ,  w a s  2 1 . 9 %  a n d  2 3 . 0 % ,  

r e s p e c t i v e l y ,  ( u n f o r t u n a t e l y ,  i t  w a s  n o t  p o s s i b l e  t o  

o b t a i n  a  f i g u r e  f o r  I s o z y m e  I V ;  t h i s  w a s  d u e  t o  t h e



l i m i t e d  q u a n t i t i e s  o f  t h i s  i s o z y m e  t h a t  w e r e  a v a i l a b l e ;  

s e e  S e c t i o n  3 . 4 . 6 )  a n d  t h u s ,  i t  c a n  b e  c a l c u l a t e d  t h a t  

t h e  r e l a t i v e  d i s t r i b u t i o n  o f  m o l e c u l a r  w e i g h t  b e t w e e n  t h e  

c a r b o h y d r a t e  m o i e t y  a n d  t h e  r e s t  o f  t h e  i s o z y m e  m o l e c u l e ,  

w a s  9 1 5 0 K d  + 3 2 5 5 0 K d  ( =  4 1 7 0 0 )  Kd f o r  I s o z y m e  I ,  

i n d i c a t i n g  t h e  p r e s e n c e  o f  c . 5 1  s u g a r  r e s i d u e s  p e r  

m o l e c u l e ;  a n d  1 0 0 5 0 K d  + 3 3 6 5 0 K d  ( =  4 3 7 0 0 )  Kd f o r  I s o z y m e  

I I I ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  c . 5 6  s u g a r  r e s i d u e s  p e r  

m o l e c u l e .  T h i s  i s  t h e  f i r s t  r e p o r t  o f  t h e  % c a r b o h y d r a t e  

p r e s e n t  f o r  a n  i s o z y m e  o t h e r  t h a n  t h a t  o f  t h e  m o s t  p r e 

d o m i n a n t  i s o z y m e ,  a n d - s h o w s  t h a t  a t  l e a s t  f o r  t h e  t w o  

i s o z y m e s  c o m p a r e d  i n  t h i s  s t u d y ,  t h e i r  d i f f e r e n c e s  i n  

m o l e c u l a r  w e i g h t  a n d  a l s o  i n  i s o e l e c t r i c  p o i n t ,  a r e  i n  

p a r t  r e l a t e d  t o  t h e i r  r e l a t i v e  p r o p o r t i o n  o f  s u g a r  

r e s i d u e s .  H o w e v e r ,  i t  i s  f a i r  t o  p o i n t  o u t  t h a t  f r o m  t h e  

d a t a  p r e s e n t e d  i n  t h i s  t h e s i s ,  t h i s  w o u l d  n o t  a p p e a r  t o  

b e  t h e  s o l e  r e a s o n  a c c o u n t i n g  f o r  t h e i r  d i f f e r e n t  

p r o p e r t i e s .

I t  s h o u l d  b e  a l s o  n o t e d  t h a t  n o t  a l l  i s o z y m e s  o f  

l i g n i n a s e  w h i c h  d i f f e r  w i t h  r e s p e c t  t o  t h e i r  i s o e l e c t r i c  

p o i n t s ,  a l s o  d i f f e r  w i t h  r e s p e c t  t o  t h e i r  m o l e c u l a r  

w e i g h t s .  F o r  e x a m p l e ,  L e i s o l a  e t  a l . ( 1 9 8 5 b )  r e p o r t e d

t h e  s e p a r a t i o n  o f  t h r e e  i s o z y m e s  o f  l i g n i n a s e  t h a t  

d i f f e r e d  i n  t h e i r  r e l a t i v e  i s o e l e c t r i c  p o i n t s ,  b u t  w h i c h  

e a c h  h a d  t h e  s a m e  a p p a r e n t  m o l e c u l a r  w e i g h t  o f  c . 4 2 K d .

F r o m  t h e  d a t a  o b t a i n e d  i n  t h i s  t h e s i s ,  i t  m i g h t  

t e n t a t i v e l y  b e  c o n c l u d e d  t h a t  t h i s  w a s  a l s o  t h e  c a s e  f o r  

F r a c t i o n  I I  ( s e e  S e c t i o n  3 . 4 . 2 ) .  F o r  e x a m p l e ,  w h e n  t h i s
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e l e c t r o p h o r e s i s ,  i t  a p p e a r e d  t o  c o n t a i n  o n l y  m a t e r i a l  

a p p a r e n t l y  i d e n t i c a l  i n  m o l e c u l a r  w e i g h t  m a t e r i a l  t o  t h a t  

p r e s e n t  i n  F r a c t i o n s  I ,  I I I  a n d  I V ,  a n d  w a s ,  p e r h a p s  m i s 

t a k e n l y ,  n o t  f u r t h e r  p u r i f i e d .  I n  f a c t ,  i f  F i g .  2 8  i s  

e x a m i n e d  c a r e f u l l y ,  i t  c a n  b e  s e e n  t h a t  i n  t e r m s  o f  

i s o e l e c t r i c  p o i n t s ,  F r a c t i o n  I I  d i d  i n d e e d  c o n t a i n  t h e  

t w o  m a j o r  p r o t e i n s  a l s o  p r e s e n t  i n  F r a c t i o n s  I  a n d  I I I ,  

b u t  t h a t  i n  a d d i t i o n  t o  t h e s e ,  i t  a l s o  c o n t a i n e d  a  n u m b e r  

o f  o t h e r  p r o t e i n s  t h a t  h a d  i s o e l e c t r i c  p o i n t s  b e t w e e n  

t h o s e  o f  t h e  m a i n  p r o t e i n s  i n  F r a c t i o n s  I  a n d  I I I ,  a n d  

t h a t  w e r e  p r e s e n t  i n  a  g r e a t e r  r e l a t i v e  q u a n t i t i e s  t h a n  

t h e  a p p a r e n t l y  i d e n t i c a l  i s o z y m e s  a l s o  p r e s e n t  i n  

F r a c t i o n s  I  a n d  I I I .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a l t h o u g h  d i f f e r e n c e s  

b e t w e e n  t h e  n a t u r e  o f  t h e  c a r b o h y d r a t e  p o r t i o n s  o f  g l y c o 

p r o t e i n  i s o z y m e s  i s  w e l l  d o c u m e n t e d  ( S h a r o n  a n d  L i s ,  1 9 8 2 ;  

K o r n f e l d  a n d  K o r n f e l d ,  1 9 8 0 ) ,  t h e  c h a r a c t e r i s a t i o n  o f  t h e  

i s o z y m e s  o f  h o r s e r a d i s h  p e r o x i d a s e  h a s  s h o w n  t h a t  s e v e r a l  

o f  t h e s e  i s o z y m e s  d i f f e r e d  n o t  o n l y  i n  r e s p e c t  o f  t h e i r  

c a r b o h y d r a t e  c o m p o s i t i o n ,  b u t  a l s o  i n  t e r m s  o f  t h e i r  a m i n o  

a c i d  c o m p o s i t i o n  ( S h a n n o n  e t  a l . ,  1 9 6 6 ) .

I n  c o m p a r i s o n  t o  t h e  r e s u l t s  o f  o t h e r  g r o u p s ,  t h e  

% c a r b o h y d r a t e  r e l a t i v e  t o  p r o t e i n  f o r  t h e  m a i n  4 1 - 4 2 K d  

i s o z y m e  h a s  b e e n  v a r i o u s l y  r e p o r t e d  t o  b e  6 % ,  1 3 %  a n d  2 1 %

( R e n g a n a t h a n  e t  a l . ,  1 9 8 5 ;  T i e n  a n d  K i r k ,  1 9 8 4 ;  a n d  

P a s z c z y n s k i  e t  a l . ,  1 9 8 6 ,  r e s p e c t i v e l y ) .  H e n c e ,  a l t h o u g h  

t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  s h o w  a  c l o s e
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s i m i l a r i t y  t o  t h e  r e s u l t s  o f  P a s z c z y n s k i  e t  a l .  ( 1 9 8 6 ) ,  

t h i s  d o e s  n o t  e x p l a i n  w h y  t h e  % c a r b o h y d r a t e  f i g u r e s  f o r  

d i f f e r e n t  g r o u p s  s h o u l d  v a r y  s o  s i g n i f i c a n t l y .

H o w e v e r ,  o n e  l i k e l y  e x p l a n a t i o n  f o r  t h e s e  

d i f f e r e n c e s ,  i s  t h e  a c c u r a c y  o f  t h e  m e t h o d s  u s e d  t o  

d e t e r m i n e  t h e  c o n c e n t r a t i o n s  o f  p r o t e i n  a n d  c a r b o h y d r a t e .  

T h e  e s t i m a t i o n  o f  t h e  p r o t e i n  c o n t e n t  o f  a c i d i c  g l y c o 

p r o t e i n s ,  s u c h  a s  l i g n i n a s e ,  i s  p a r t i c u l a r l y  u n r e l i a b l e ,  

s i n c e  t h e s e  p r o t e i n s  c o n t a i n  o n l y  a  l o w  p r o p o r t i o n  o f  t h e  

a r o m a t i c  r e s i d u e s  t h a t  a r e  r e q u i r e d  f o r  a n  a c c u r a t e  

d e t e r m i n a t i o n  o f  t h e  r e a l  p r o t e i n  c o n c e n t r a t i o n  

( P a s z c z y n s k i  e t  a l . ,  1 9 8 6 ) .  I n  t h i s  s t u d y  ( s e e  S e c t i o n  

2 . 5 . 7 ) ,  t h e  d e t e r m i n a t i o n  o f  t h e  p r o t e i n  c o n c e n t r a t i o n  

w a s  c a r r i e d  o u t  b y  t h e  B r a d f o r d  m e t h o d  ( B r a d f o r d ,  1 9 7 6 ) ;  

h o w e v e r ,  f o r  e a c h  m e a s u r e m e n t  o f  p r o t e i n  c o n c e n t r a t i o n ,  

t h e  r e s u l t s  o b t a i n e d  w e r e  " a d j u s t e d "  b y  a  c o r r e c t i o n  

f a c t o r  p r e v i o u s l y  d e t e r m i n e d  b y  c o m p a r i n g  t h e  p r o t e i n  

c o n c e n t r a t i o n  o f  a  p u r e  i s o z y m e  o f  l i g n i n a s e  a s  p r e d i c t e d  

b y  t h e  B r a d f o r d  m e t h o d  u s i n g  a  s t a n d a r d  o f  b o v i n e  s e r u m  

a l b u m i n ,  w i t h  i t s  r e a l  c o n c e n t r a t i o n  a s  d e t e r m i n e d  f r o m  

i t s  a m i n o  a c i d  a n a l y s i s .  T h e  r e s u l t s  o f  t h i s  e x p e r i m e n t  

s h o w e d  t h a t  b y  t h e  B r a d f o r d  m e t h o d ,  t h e  p r o t e i n  c o n c e n 

t r a t i o n  w a s  0 . 7 4 m g . m l  l, w h e r e a s ,  f r o m  i t s  a m i n o  a c i d  

a n a l y s i s ,  t h e  a c t u a l  p r o t e i n  c o n c e n t r a t i o n  w a s  1 . 6 2 m g . m l  1 

( i . e .  x  2 . 2 ) .  T h i s  c o r r e c t i o n  f a c t o r  w a s  t h e n  u s e d  f o r  

a l l  d e t e r m i n a t i o n s  o f  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  

l i g n i n a s e s ,  a n d  a s s u m e d  t h a t  f o r  e a c h  p r e p a r a t i o n  o f  

l i g n i n a s e ,  t h e  p r e d o m i n a n t  p r o t e i n ( s )  p r e s e n t  w a s
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l i g n i n a s e  a n d  t h a t  a l l  i s o z y m e s  o f  l i g n i n a s e  s h o u l d  b e  

c o r r e c t e d  b y  t h e  s a m e  r e l a t i v e  a m o u n t .  T h e s e  a s s u m p t i o n s  

m a y  o r  m a y  n o t  h a v e  b e e n  f u l l y  j u s t i f i e d ,  b u t  n e v e r t h e l e s s  

t h e  u s e  o f  t h e  c o r r e c t i o n  f a c t o r  p r o b a b l y  r e s u l t e d  i n  a  

m o r e  a c c u r a t e  d e t e r m i n a t i o n  o f  t h e  r e a l  p r o t e i n  c o n c e n 

t r a t i o n  t h a n  h a d  i t  n o t  b e e n  u s e d  a t  a l l .

A n o t h e r  p r o b l e m  w h i c h  b e c a m e  e v i d e n t  i n  t h i s  

t h e s i s ,  w a s  t h e  a p p a r e n t l y  h i g h  l e v e l s  o f  c o n t a m i n a t i n g  

c a r b o h y d r a t e  p r e s e n t  i n  b o t h  c r u d e  a n d  p u r i f i e d  

p r e p a r a t i o n s  o f  l i g n i n a s e .  T h i s  p r o b l e m  w a s  o v e r c o m e  b y  

p r e c i p i t a t i n g  t h e  p r o t e i n s  o u t  o f  s o l u t i o n ,  a n d  t h e n  

d e t e r m i n i n g  t h e  p r o t e i n  a n d  c a r b o h y d r a t e  c o n c e n t r a t i o n s  

o f  t h e  p r e c i p i t a t e d  m a t e r i a l  a f t e r  i t s  s e p a r a t i o n  f r o m  

t h e  c o n t a m i n a t i n g  c a r b o h y d r a t e  ( s e e  S e c t i o n  2 . 5 . 8 ) .

D u r i n g  t h e  l a t t e r  p r o c e d u r e ,  i t  a l s o  b e c a m e  e v i d e n t  t h a t  

t h e  p r e s e n c e  o f  c o n t a m i n a t i n g  c a r b o h y d r a t e  w a s  r e s u l t i n g  

i n  a n  u n d e r  e s t i m a t e  o f  t h e  c o n c e n t r a t i o n  o f  p r o t e i n  t h a t  

w a s  p r e s e n t ,  s i n c e  a f t e r  t h e  p r e c i p i t a t i o n  o f  t h e  

p r o t e i n s ,  t h e r e  w a s  a p p a r e n t l y  m o r e  p r o t e i n  p r e s e n t  t h a n  

h a d  b e e n  o r i g i n a l l y  p r e d i c t e d ;  s e e  T a b l e  1 0 .

A c o n s e q u e n c e  o f  t h e s e  d i f f i c u l t i e s  i n  m e a s u r i n g  

t h e  t r u e  c o n c e n t r a t i o n  o f  p r o t e i n ,  h a s  m e a n t  t h a t  t h e  

d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  a c t i v i t y  o f  l i g n i n a s e  

p r e p a r a i o n s  h a s  p r o d u c e d  r e s u l t s  w h i c h  c a n n o t  b e  c o n 

s i d e r e d  t o  b e  w h o l l y  r e l i a b l e .  F o r  e x a m p l e ,  f r o m  T a b l e  

1 0 ,  i t  c a n  b e  s e e n  t h a t  b e f o r e  TCA p r e c i p i t a t i o n ,  t h e  

s p e c i f i c  a c t i v i t y  o f  a  c r u d e  p r e p a r a t i o n  o f  l i g n i n a s e  w a s  

a p p a r e n t l y  4 4 . 6 U . m g  1, w h e r e a s ,  a f t e r  TCA p r e c i p i t a t i o n ,
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t h e  c o n c e n t r a t i o n  o f  p r o t e i n  d e t e c t e d  h a d  a p p a r e n t l y  

i n c r e a s e d  b y  m o r e  t h a n  s i x  t i m e s ,  a n d  c o n s e q u e n t l y ,  t h e  

s p e c i f i c  a c t i v i t y  o f  t h e  s a m e  p r e p a r a t i o n  o f  l i g n i n a s e  

d e c r e a s e d  t o  o n l y  6 . 9 U . m g  l .

S i m i l a r l y ,  i t  c a n  b e  s e e n  t h a t  f o r  a t  l e a s t  t w o  o f  

t h e  t h r e e  m a i n  i s o z y m e s  o f  l i g n i n a s e  p u r i f i e d  d u r i n g  t h e  

c o u r s e  o f  t h i s  t h e s i s ,  t h e r e  i s  a  s i m i l a r  d e c r e a s e  i n  

s p e c i f i c  a c t i v i t y  a f t e r  TCA p r e c i p i t a t i o n .  H o w e v e r ,  m o r e  

i m p o r t a n t l y ,  i t  c a n  b e  s e e n  t h a t  t h e  r e l a t i v e  d e c r e a s e  i n  

s p e c i f i c  a c t i v i t y  i s  d i f f e r e n t  f o r  e a c h  o f  t h e s e  t w o  

i s o z y m e s ,  a n d  t h a t  w h e r e a s  b e f o r e  TCA p r e c i p i t a t i o n ,  t h e  

s p e c i f i c  a c i v i t y  o f  t h e  m o s t  a b u n d a n t  i s o z y m e  o f  l i g n i n a s e  

( i . e .  I s o z y m e  I )  w a s  l e s s  t h a n  t h a t  o f  t h e  o t h e r  i s o z y m e  

( i . e .  I s o z y m e  I I I ) ,  a f t e r  TCA p r e c i p i t a t i o n ,  t h e  s p e c i f i c  

a c t i v i t y  o f  I s o z y m e  I  i s  a p p a r e n t l y  g r e a t e r  t h a n  t h a t  o f  

I s o z y m e  I I I .  T h i s  i s  a n  e x t r e m e l y  s i g n i f i c a n t  r e s u l t ,  

s i n c e  i n  a l l  o t h e r  r e p o r t s  o n  t h e  s p e c i f i c  a c t i v i t i e s  o f  

t h e  i s o z y m e s  o f  l i g n i n a s e ,  i t  h a s  a l w a y s  b e e n  t h e  m o s t  

a b u n d a n t  i s o z y m e  o f  l i g n i n a s e  w h i c h  h a s  b e e n  s h o w n  t o  h a v e  

t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  ( e . g .  R e n g a n a t h a n  e t  a l . ,  

1 9 8 5 ) .  I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  f o r  a l l  c a l c u l a t i o n s  

o f  s p e c i f i c  a c t i v i t y ,  i t  w a s  a s s u m e d  t h a t  t h e  a c t i v i t y  o f  

a  g i v e n  a l i q u o t  o f  a  l i g n i n a s e  p r e p a r a t i o n  w a s  t h e  s a m e  

b e f o r e  a n d  a f t e r  TCA p r e c i p i t a t i o n .  T h i s  a s s u m p t i o n  w a s  

m a d e  s i n c e  p r o t e i n s  a r e  d e n a t u r e d  b y  TCA p r e c i p i t a t i o n ,  

a n d  t h u s  c a n  n o  l o n g e r  b e  a s s a y e d  t o  d e t e r m i n e  h o w  t h e i r  

a c t i v i t y  m i g h t  h a v e  b e e n  a f f e c t e d  b y  t h e  p r e s e n c e  o f  t h e  

" e x c e s s "  c a r b o h y d r a t e .  H o w e v e r ,  i t  s h o u l d  b e  n o t e d  t h a t



t h e  p r e s e n c e  o f  h i g h  l e v e l s  o f  p o l y s a c c h a r i d e  h a s  a l s o  

b e e n  s h o w n  t o  i n h i b i t  t h e  d e g r a d a t i o n  o f  l i g n i n  ( L e i s o l a  

e t  a l . ,  1 9 8 2 )  a n d  c o n s e q u e n t l y , t h e  a s s u m p t i o n  m a d e  a b o v e  

m a y  h a v e  b e e n  m i s l e a d i n g  ( s e e  a l s o  S e c t i o n  4 . 2 . 4 ) .

T h e  Km f o r  H2 0 2 w a s  o r i g i n a l l y  r e p o r t e d  t o  b e  

c . 3 0 u M  ( T i e n  a n d  K i r k ,  1 9 8 4 ) .  I n  a  l a t e r  s t u d y ,  h o w e v e r ,  

T i e n  e t  a l .  ( 1 9 8 6 )  s h o w e d  t h a t  t h e  K f o r  H2 0 ? w a s  

a c t u a l l y  p H - d e p e n d e n t , a n d  t h i s  u n d o u b t e d l y  e x p l a i n s  w h y  

i n  t h i s  s t u d y  t h e  Km f o r  H2 0 2 w a s  f o u n d  t o  b e  h i g h e r  t h a n  

t h a t  o r i g i n a l l y  r e p o r t e d  w i t h  a  v a l u e  o f  c . 4 0 u M .

I n  c o n t r a s t  t o  t h e  K f o r  H7 0 2 , t h e  K f o r  v e r a t r y l  

a l c o h o l  r e p o r t e d  b y  T i e n  e t  a l . ( 1 9 8 6 )  w a s  s a i d  t o  b e

u n a f f e c t e d  b y  c h a n g e s  o f  pH a n d  t o  n o t  b e  s i g n i f i c a n t l y  

d i f f e r e n t  f o r  d i f f e r e n t  p r e p a r a t i o n s  o f  e n z y m e ;  r e m a i n i n g  

a t  a  s t e a d y  v a l u e  o f  c . 5 5  -  7 0 p M .  H o w e v e r ,  i n  t h i s  t h e s i s ,  

i t  w a s  f o u n d  t h a t  f o r  a  c r u d e  p r e p a r a t i o n  o f  l i g n i n a s e ,  

t h e  Km f o r  v e r a t r y l  a l c o h o l  w a s  c . 3 0 0 p M ,  a n d  f o r  a  p u r e  

i s o z y m e ,  i t  w a s  c . l l O p M .  S i m i l a r l y ,  R e n g a n a t h a n  e t  a l . 

( 1 9 8 5 )  f o u n d  t h a t  t h e  K f o r  v e r a t r y l  a l c o h o l  f o r  t h e  

t h r e e  m a i n  i s o z y m e s  o f  l i g n i n a s e  w e r e  9 5 ,  7 1 ,  a n d  5 5 p M ,  

r e s p e c t i v e l y .  T h i s  s u g g e s t s  t h a t  t h e  Km f o r  v e r a t r y l  

a l c o h o l  d o e s  i n d e e d  d i f f e r  f o r  d i f f e r e n t  p r e p a r a t i o n s  o f  

l i g n i n a s e .  T h e s e  d i f f e r e n c e s  i n  t h e  Km f o r  v e r a t r y l  

a l c o h o l  m a y  e i t h e r  h a v e  b e e n  r e l a t e d  t o  d i f f e r e n c e s  i n  

c u l t u r e  c o n d i t i o n s  ( e . g .  T i e n  e t  a l . ,  ( 1 9 8 6 )  u s e d  

s t a t i o n a r y  l o w  v o l u m e  c u l t u r e s ,  a n d  R e n g a n a t h a n  e t  a l .  

( 1 9 8 5 )  u s e d  a g i t a t e d  i n c r e a s e d  v o l u m e  c u l t u r e s ) ,  o r  i n  t h e  

p r e p a r a t i o n  ( a n d  p u r i f i c a t i o n )  o f  t h e  l i g n i n a s e  u s e d  i n  

t h e s e  s t u d i e s ,  o r  e v e n  t o  a  m u t a t i o n  o f  t h e  f u n g u s .
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A t  l e a s t  o n e  p r o p e r t y  o f  l i g n i n a s e  w h i c h  i s  

c o n s i s t e n t  i n  a l l  r e p o r t s ,  i s  t h e  U V / v i s i b l e  s p e c t r u m  o f  

p u r e  p r e p a r a t i o n s  o f  l i g n i n a s e ;  f o r  e x a m p l e ,  i n  a d d i t i o n  

t o  t h e  d a t a  p r e s e n t e d  i n  t h i s  t h e s i s ,  s e e  T i e n  a n d  K i r k  

( 1 9 8 4 ) ,  G o l d  e t  a l .  ( 1 9 8 4 ) ,  R e n g a n a t h a n  e t  a l .  ( 1 9 8 5 ) ,  

T i e n  e t  a l . ( 1 9 8 6 ) ,  R e n g a n a t h a n  a n d  G o l d  ( 1 9 8 6 )  a n d

P a s z c z y n s k i  e t  a l .  ( 1 9 8 6 ) .  F o r  g e n e r a l  c o m m e n t s  o n  t h e  

U V / v i s i b l e  s p e c t r a  o f  l i g n i n a s e ,  s e e  S e c t i o n  3 . 4 . 4 .

4 . 2 . 3  pH o p t i m u m

T h e  pH o p t i m u m  o f  l i g n i n a s e  ( a s  d e t e r m i n e d  b y  t h e  

o x i d a t i o n  o f  v e r a t r y l  a l c o h o l  t o  v e r a t r a l d e h y d e , T i e n  a n d  

K i r k  1 9 8 4 )  w a s  o r i g i n a l l y  r e p o r t e d  t o  b e  a t  o r  n e a r  pH

3 . 0  ( T i e n  a n d  K i r k ,  1 9 8 4 ;  K u w a h a r a  e t  a l . ,  1 9 8 4 ) .  How

e v e r ,  i n  a  n u m b e r  o f  r e p o r t s ,  l i g n i n a s e  a c t i v i t y  w a s  

m e a s u r e d  a t  pH 2 . 5  w i t h o u t  d e t a i l i n g  t h e  r e a s o n  f o r  t h i s  

a p p a r e n t  s h i f t  f r o m  t h e  pH o p t i m u m  ( e . g .  J a g e r  e t  a l . ,  

1 9 8 5 ;  K i r k  e t  a l . ,  1 9 8 6 c ) .  M o r e  r e c e n t l y ,  T i e n  e t  a l . 

( 1 9 8 6 )  c a r r i e d  o u t  a  d e t a i l e d  s t u d y  o f  t h e  k i n e t i c s  o f  

v e r a t r y l  a l c o h o l  o x i d a t i o n  u s i n g  a  p u r i f i e d  i s o z y m e  o f  

l i g n i n a s e ,  a n d  d e m o n s t r a t e d  t h a t  t h e  pH o p t i m u m  w a s  i n  

f a c t  pH 2 . 0 ,  a l t h o u g h  t h e  e n z y m e  w a s  u n s t a b l e  a t  t h i s  p H .

I n  t h i s  t h e s i s ,  t h e  pH o p t i m u m  o f  l i g n i n a s e  

( v e r a t r y l  a l c o h o l  o x i d a s e )  w a s  d e t e r m i n e d  b e f o r e  a n d  

a f t e r  p u r i f i c a t i o n .  I t  w a s  f o u n d  t h a t  f o r  a  c r u d e  

p r e p a r a t i o n  o f  l i g n i n a s e  p r o d u c e d  b y  p o o l i n g  t h e  c o n 

c e n t r a t e d  e x t r a c e l l u l a r  m e d i u m  f r o m  f i v e  s u c c e s s i v e  

h a r v e s t s  o f  f o a m - i m m o b i l i s e d  P .  c h r y s o s p o r i u m , t h e  pH
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o p t i m u m  b e c a m e  m o r e  a c i d i c  i n  t h e  p r e s e n c e  o f  a d d e d  Mg

i o n s .  I n  t h e  a b s e n c e  o f  a d d e d  M g2+  i o n s ,  t h e  pH o p t i m u m

2 +
w a s  pH 3 . 1 ,  a n d  i n  t h e  p r e s e n c e  o f  a d d e d  Mg i o n s ,  t h e  

pH o p t i m u m  w a s  pH 2 . 7 .  T h i s  f i n d i n g  w a s  c o n s i s t e n t  w i t h  

t h e  p r e v i o u s  o b s e r v a t i o n  t h a t  w h e n  u s i n g  t h e  s a m e  

p r e p a r a t i o n  o f  e n z y m e ,  t h e r e  w a s  a  s u b s t a n t i a l  i n c r e a s e  

i n  t h e  r a t e  o f  v e r a t r y l  o x i d a t i o n  w h e n  l i g n i n a s e  w a s  

a s s a y e d  a t  pH 2 . 7 5  i n  t h e  p r e s e n c e  o f  a  v a r i e t y  o f  m e t a l  

i o n s .

2 +

T h e  p u r i f i c a t i o n  o f  t h e  i s o z y m e s  o f  l i g n i n a s e  

r e s u l t e d  i n  t h e  s e p a r a t i o n  o f  t h r e e  i s o z y m e s  i n  a  

r e l a t i v e  r a t i o  o f  9 0 : 5 : 5 .  I t  w a s  f o u n d  t h a t  t h e  pH 

o p t i m a  o f  t h e  t h r e e  i s o z y m e s  w e r e  a t  pH 2 . 2 ,  pH 2 . 7  a n d  

pH 2 . 0 ,  r e s p e c t i v e l y .  I t  w a s  a l s o  f o u n d  t h a t  a f t e r  t h e  

p u r i f i c a t i o n  p r o c e d u r e ,  a d d e d  m e t a l  i o n s  w e r e  n o  l o n g e r  

a b l e  t o  i n c r e a s e  t h e  r a t e  o f  v e r a t r y l  a l c o h o l  o x i d a t i o n .  

T h e  e f f e c t  o f  m e t a l  i o n s  o n  t h e  o x i d a t i o n  o f  v e r a t r y l  

a l c o h o l  a n d  i t s  a p p a r e n t  p H - d e p e n d e n c e  w i l l  b e  d i s c u s s e d  

i n  m o r e  d e t a i l  i n  S e c t i o n  4 . 2 . 4 .

T i e n  e t  a l .  ( 1 9 8 6 )  s u g g e s t  t h a t  t h e  d e c r e a s e  i n  

l i g n i n a s e  a c t i v i t y  o b s e r v e d  a t  pH v a l u e s  a b o v e  pH 2 . 0  i s  

p r o b a b l y  d u e  t o  t h e  d e p r o t o n a t i o n  o f  a  g r o u p  r e q u i r e d  f o r  

c a t a l y s i s .  I t  m a y  b e  h y p o t h e s i z e d  t h a t  t h e  m o r e  a c i d i c  

pH o p t i m a  o b s e r v e d  a f t e r  t h e  p u r i f i c a t i o n  o f  t w o  o f  t h e  

i s o z y m e s  o f  l i g n i n a s e ,  w a s  p e r h a p s  d u e  t o  t h e  r e m o v a l  o f  

i m p u r i t i e s  w h i c h  m a y  t h e m s e l v e s  b e  a b l e  t o  f u n c t i o n  a s  

b u f f e r s  a n d  t h u s  l e s s e n  t h e  d e p r o t o n a t i o n  o f  a  v i t a l  

g r o u p  r e q u i r e d  f o r  c a t a l y s i s .  A l t e r n a t i v e l y ,  t h e



p u r i f i c a t i o n  m a y  i n  s o m e  w a y  r e s u l t  i n  i m p r o v e d  

a c c e s s i b i l i t y  t o  t h e  a c t i v e  s i t e  o f  t h e  e n z y m e ,  a n d  

p r o v i d e  a  g r e a t e r  g e n e r a l  s t a b i l i t y  i n  m o r e  a c i d i c  

c o n d i t i o n s -  U n f o r t u n a t e l y ,  t h e  d i f f e r e n c e s  i n  t h e  pH 

o p t i m a  o f  t h e  t h r e e  i s o z y m e s  o f  l i g n i n a s e  w e r e  n o t  a b l e  

t o  b e  s i m p l y  c o r r e l a t e d  t o  d i f f e r e n c e s  i n  t h e i r  i s o 

e l e c t r i c  p o i n t s ,  m o l e c u l a r  w e i g h t s  o r  r e l a t i v e  

c a r b o h y d r a t e  c o n t e n t s ,  a n d  i t  i s  n o t  c l e a r  w h y  t h e  pH 

o p t i m u m  o f  o n e  o f  t h e  i s o z y m e s  o f  l i g n i n a s e  w a s  n o t  s o  

a c i d i c  a s  t h e  o t h e r  t w o  i s o z y m e s  a f t e r  p u r i f i c a t i o n .

T h e  d i f f e r e n c e s  i n  t h e  pH o p t i m a  o f  c r u d e  a n d  

p u r i f i e d  l i g n i n a s e  p r e p a r a t i o n s  r e p o r t e d  i n  t h i s  t h e s i s  

m a y  w e l l  e x p l a i n  t h e  a p p a r e n t l y  i n c o n s i s t e n t  pH o p t i m a  

r e p o r t e d  b y  o t h e r  l a b o r a t o r i e s .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  pH o p t i m u m  o f

l i g n i n  d e g r a d a t i o n  i s  a c t u a l l y  pH 4 . 5  ( i . e .  t h e  s a m e  pH

a s  t h a t  o f  t h e  m e d i u m  i n  w h i c h  t h e  f u n g u s  i s  r o u t i n e l y

g r o w n  -  s e e  A p p e n d i x  I ) ,  a n d  t h a t  a t  pH v a l u e s  o f  pH 3 . 5

a n d  pH 5 . 5 ,  l i g n i n  d e g r a d a t i o n  i s  s u b s t a n t i a l l y  r e d u c e d

( K i r k  e t  a l . ,  1 9 7 8 ) .  T h e  o b s e r v a t i o n  t h a t  t h e  pH o p t i m u m

o f  v e r a t r y l  a l c o h o l  o x i d a t i o n  i s  c l e a r l y  m o r e  a c i d i c  t h a n

t h a t  o f  l i g n i n  d e g r a d a t i o n  m a y  s i m p l y  b e  d u e  t o  t h e  f a c t

t h a t  t h e  r a t e  l i m i t i n g  s t e p  i n  t h e  d e g r a d a t i o n  o f  l i g n i n  

by an
i s  c a u s e d  a c t i v i t y  o t h e r  t h a n  t h a t  o f  l i g n i n a s e .  How

e v e r ,  t h e  p r e c i s e  r o l e  o f  l i g n i n a s e  i n  t h e  d e g r a d a t i o n  o f  

l i g n i n  i s  c e r t a i n l y  a n  a r e a  t h a t  r e q u i r e s  f u r t h e r  

i n v e s t i g a t i o n .  F o r  e x a m p l e ,  b o t h  c r u d e  a n d  p u r i f i e d  

p r e p a r a t i o n s  o f  l i g n i n a s e s  w e r e  s h o w n  t o  a c t u a l l y

2 1 1
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p o l y m e r i s e  l i g n i n s  w h e n  a s s a y e d  a t  pH 4 . 0  ( H a e m m e r l i  e t  

a l . ,  1 9 8 6 a ) ;  a n d  K i r k  e t  a l . ,  ( 1 9 8 6 a ) ,  u s i n g  a  r a n g e  o f  

m u t a n t s  o f  P .  c h r y s o s p o r i u m , w e r e  u n a b l e  t o  d e m o n s t r a t e  

t h a t  t h e r e  w a s  a n y  c o r r e l a t i o n  b e t w e e n  t h e  d e g r a d a t i o n  o f  

l i g n i n  a n d  t h e  p r o d u c t i o n  o f  l i g n i n a s e .

4 . 2 . 4  E f f e c t  o f  m e t a l  i o n s  a n d  t h e  i s o l a t i o n  o f  a n
i n h i b i t o r  o f  l i g n i n a s e

I n  S e c t i o n  4 . 2 . 3 ,  i t  w a s  d e s c r i b e d  t h a t  w h e n  u s i n g  

a  c r u d e  p r e p a r a t i o n  o f  l i g n i n a s e  o b t a i n e d  b y  p o o l i n g  t h e  

c o n c e n t r a t e d  e x t r a c e l l u l a r  m e d i u m  f r o m  f i v e  s u c c e s s i v e  

h a r v e s t s  o f  f o a m - i m m o b i l i s e d  P .  c h r y s o s p o r i u m , Mg i o n s  

w e r e  a b l e  t o  s t i m u l a t e  t h e  r a t e  o f  v e r a t r y l  a l c o h o l  

o x i d a t i o n  i n  t h e  m o r e  a c i d i c  pH r e g i o n ,  a t  t h e  s a m e  t i m e  

l e a d i n g  t o  a n  a p p a r e n t  s h i f t  o f  t h e  pH o p t i m u m  f r o m  pH

3 . 1  t o  pH 2 . 7 ,  a n d  t h a t  a f t e r  t h e  p u r i f i c a t i o n  o f  t h e  

i s o z y m e s  o f  l i g n i n a s e ,  t h i s  e f f e c t  w a s  n o  l o n g e r  

o b s e r v e d .  T o  d e t e r m i n e  w h e t h e r  t h i s  p h e n o m e n o n  w a s  

p e c u l i a r  t o  t h e  u s e  o f  f o a m - i m m o b i l i s e d  c u l t u r e s  o f  P ♦ 

c h r y s o s p o r i u m , i t  w a s  d e c i d e d  t o  e x a m i n e  t h e  e f f e c t  o f  

Mg i o n s  o n  t h e  r a t e  o f  v e r a t r y l  a l c o h o l  o x i d a t i o n  b y  a  

c r u d e  p r e p a r a t i o n  o f  c o n c e n t r a t e d  l i g n i n a s e  o b t a i n e d  

w i t h o u t  t h e  u s e  o f  p o l y u r e t h a n e  f o a m  a s  a n  i m m o b i l i s a t i o n  

s u p p o r t .  T h i s  w a s  i n i t i a l l y  i n v e s t i g a t e d  a t  a  s i n g l e  pH 

v a l u e ,  w h e r e  i t  w a s  p r e d i c t e d  t h a t  i f  t h e r e  w a s  a n y  

e f f e c t ,  i t  s h o u l d  b e  p o s s i b l e  t o  o b s e r v e  i t .  W h e n i t  w a s  

f o u n d  t h a t  M g2 + i o n s  w e r e  n o t  a b l e  t o  a l t e r  t h e  r a t e  o f  

v e r a t r y l  a l c o h o l  o x i d a t i o n  o f  t h i s  p r e p a r a t i o n ,  i t  w a s  

t h e n  d e c i d e d  t o  e x a m i n e  t h e  e f f e c t  o f  M g2+ i o n s  o n  t h e
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r a t e  o f  v e r a t r y l  a l c o h o l  o x i d a t i o n  o f  e a c h  i n d i v i d u a l  

c o n c e n t r a t e d  h a r v e s t  p r o d u c e d  b y  a  f o a m - i m m o b i l i s e d  

c u l t u r e  o f  P .  c h r y s o s p o r i u m . T h e  r e s u l t s  o f  t h i s  

e x p e r i m e n t  d e m o n s t r a t e d  t h a t  t h e  f i r s t  t w o  s u c c e s s i v e

p +
h a r v e s t s  w e r e  l a r g e l y  u n a f f e c t e d  b y  t h e  p r e s e n c e  o f  Mg 

i o n s ,  a n d  t h a t  f o r  t h e  n e x t  t w o  h a r v e s t s  t h e r e  w a s  a  

m a r g i n a l  i n c r e a s e  i n  t h e  r a t e  o f  v e r a t r y l  a l c o h o l  

o x i d a t i o n ,  b u t  t h a t  f o r  t h e  f i f t h  a n d  a l s o  t h e  s i x t h  

h a r v e s t s ,  t h e r e  w a s  a  g r e a t e r  t h a n  t e n f o l d  i n c r e a s e  i n  

t h e  r a t e  o f  v e r a t r y l  a l c o h o l  o x i d a t i o n .  I n d e e d ,  i t  c a n

b e  c o n c l u d e d  f r o m  t h e s e  r e s u l t s  t h a t  t h e  g e n e r a l  t r e n d

2
w a s  f o r  Mg i o n s  t o  s t i m u l a t e  t h e  v e r a t r y l  a l c o h o l  

o x i d a s e  a c t i v i t y  o f  e a c h  s u c c e s s i v e  h a r v e s t  o f  c o n c e n 

t r a t e d  l i g n i n a s e  p r o d u c e d  b y  t h e  f o a m - i m m o b i l i s e d  P . 

c h r y s o s p o r i u m  b y  a n  i n c r e a s i n g  r e l a t i v e  a m o u n t  f o r  e a c h  

f r e s h  s u c c e s s i v e  h a r v e s t .

I t  w a s  a l s o  s h o w n  i n  t h i s  t h e s i s  t h a t  t h i s

a p p a r e n t  s t i m u l a t i o n  o f  t h e  r a t e  o f  v e r a t r y l  a l c o h o l

? +
o x i d a t i o n  b y  Mg i o n s  w a s  a b l e  t o  b e  e x p l a i n e d  b y  t h e  

p r o d u c t i o n  o f  a n  i n h i b i t o r  o f  l i g n i n a s e  w h i c h  w a s  

r e n d e r e d  l a r g e l y  i n e f f e c t i v e  i n  t h e  p r e s e n c e  o f  t h e  M g 2+ 

i o n s .  H e n c e ,  i t  i s  m o r e  a c c u r a t e  t o  d e s c r i b e  t h e  e f f e c t  

o f  Mg n o t  a s  a  " s t i m u l a t i o n "  b u t  m o r e  a s  a  

" r e a c t i v a t i o n "  o r  a  " r e s t o r a t i o n " .

T h i s  i s  t h e  f i r s t  r e p o r t  o f  a  m e t a l - i o n  i n a c t i v a t e d  

i n h i b i t o r  o f  l i g n i n a s e ,  a n d  h a s  p r o b a b l y  n o t  b e e n  o b s e r v e d  

b e f o r e  m a i n l y  b e c a u s e  m o s t  r e s e a r c h  g r o u p s  a r e  s t i l l  u s i n g  

a  s t a n d a r d  b a t c h  c u l t u r e  m e t h o d  o f  l i g n i n a s e  p r o d u c t i o n
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w h e r e  i t  i s  u n l i k e l y  t o  b e  p r o d u c e d  i n  s u f f i c i e n t

q u a n t i t i e s  t o  p e r m i t  i t s  d e t e c t i o n ,  b u t  a l s o  b e c a u s e  w h e n

t o
l i g n i n a s e  i s  a s s a y e d  a t  pH 3 . 0 ,  t h e r e  i s  n o  r e a s o n  s u s p e c t  

t h a t  t h e  l i g n i n a s e  a c t i v i t y  m i g h t  i n d e e d  b e  i n h i b i t e d ,  

a n d  f i n a l l y  b e c a u s e  t h e  i n h i b i t o r  i s  " l o s t "  d u r i n g  a n i o n -  

e x c h a n g e  c h r o m a t o g r a p h y .  T h e  p r o d u c t i o n  o f  t h i s  i n h i b i t o r  

m a y  b e  a  m a j o r  c o n t r i b u t o r y  f a c t o r  f o r  t h e  d e c l i n e  i n  t h e  

m a g n i t u d e  o f  s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e  p r o d u c e d  

u s i n g  t h e  f o a m  i m m o b i l i s a t i o n  t e c h n i q u e .  I t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t  D o d s o n  a n d  K a m a l  ( U n p u b l i s h e d  

d a t a )  d i d  n o t  o b s e r v e  a n y  a p p a r e n t  s t i m u l a t i o n  o f  t h e  r a t e  

o f  v e r a t r y l  a l c o h o l  o x i d a t i o n  b y  Mg i o n s  w h e n  t h e y  u s e d  

t h e  f o a m  i m m o b i l i s a t i o n  t e c h n i q u e  d e v i s e d  i n  t h i s  t h e s i s  

u n d e r  c o n d i t i o n s  o f  c a r b o n  l i m i t a t i o n ,  a n d  t h u s ,  i t  w o u l d  

a p p e a r  t h a t  u n d e r  t h e s e  c o n d i t i o n s ,  t h e  i n h i b i t o r  i s  n o t  

p r o d u c e d .

U n f o r t u n a t e l y ,  i t  w a s  n o t  p o s s i b l e  t o  d e t e r m i n e  

t h e  p r e c i s e  i d e n t i f i c a t i o n  o f  t h e  i n h i b i t o r ! s )  o f  

l i g n i n a s e .  H o w e v e r ,  f r o m  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  

t h e s i s ,  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  i n h i b i t o r  h a s  a  

m o l e c u l a r  w e i g h t  o f  g r e a t e r  t h a n  l O K d ,  a n d  t h a t  b y  

i m p l i c a t i o n  f r o m  i t s  i s o l a t i o n  b y  a n i o n - e x c h a n g e  c h r o m a 

t o g r a p h y  a n d  a l s o  i t s  r e t e n t i o n  t i m e  w h e n  s u b j e c t e d  t o  

C - 1 8  HPLC a n a l y s i s ,  i t  i s  i s  e x t r e m e l y  p o l a r  i n  n a t u r e .

I t  c a n  a l s o  b e  c o n c l u d e d  t h a t "  i t  i s  n o t  a  p r o t e i n  b u t  

t h a t  i t  i s  m o s t  l i k e l y  a  c a r b o h y d r a t e .  A c o m p a r i s o n  o f  

i t s  U V / v i s i b l e  s p e c t r u m  ( s e e  F i g .  4 2 )  w i t h  t h a t  o f  

h y a l u r o n i c  a c i d  ( s e e  O g s t o n  a n d  S t a n i e r  1 9 5 0 )  s h o w e d  t h a t
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t h e r e  w a s  a  g r e a t  d e a l  o f  s i m i l a r i t y ,  a n d  i t  w a s  t h e n  

f o u n d  t h a t  w h e n  t h e  i n h i b i t o r - c o n t a i n i n g  f r a c t i o n  ( i . e .  

F r a c t i o n  V; s e e  S e c t i o n  3 . 3 . 1 )  w a s  s p e c i f i c a l l y  a s s a y e d  

f o r  t h e  p r e s e n c e  o f  u r o n i c  a c i d s ,  a  u r o n i c  a c i d  w i t h  

u n s u b s t i t u t e d  t h r e o  h y d r o x y l  g r o u p s  a t  t h e  C - 3  -  C - 4  

p o s i t i o n s  w a s  a b l e  t o  b e  d e t e c t e d ,  s e e  S e c t i o n  3 . 5 . 5 .

When a  p o l y m e r i c  u r o n i c  a c i d ,  i n  t h i s  c a s e  h e p a r a n  

s u l p h a t e ,  w a s  t e s t e d  f o r  i t s  a b i l i t y  t o  i n h i b i t  

l i g n i n a s e ,  i t  w a s  f o u n d  t h a t  a  s i m i l a r  p H - d e p e n d e n t  

i n h i b i t i o n  o f  t h e  o x i d a t i o n  o f  v e r a t r y l  a l c o h o l  w a s  

p r o d u c e d  t o  t h a t  o b s e r v e d  f o r  t h e  i s o l a t e d  i n h i b i t o r ;  

h o w e v e r ,  t h i s  i n h i b i t i o n  w a s  u n a f f e c t e d  b y  t h e  p r e s e n c e  

o f  a d d e d  Mg i o n s ,  s e e  S e c t i o n  3 . 5 . 7 .  Whe n g a s  

c h r o m a t o g r a p h y / m a s s  s p e c t r o m e t r y  w a s  p e r f o r m e d  o n  t h e  

i s o l a t e d  i n h i b i t o r ,  i t  w a s  f o u n d  t h a t  t h e r e  w a s  

i n s u f f i c i e n t  m a t e r i a l  p r e s e n t  t o  p e r m i t  t h e  i d e n t i f i c a t i o n  

o f  a n y  o f  t h e  m o l e c u l a r  s t r u c t u r e s  p r e s e n t  i n  t h e  

i n h i b i t o r  f r a c t i o n  ( d a t a  n o t  s h o w n  i n  t h i s  t h e s i s ) .

F r o m  t h e  e v i d e n c e  p r e s e n t e d  i n  t h i s  t h e s i s ,  i t  m a y  

b e  h y p o t h e s i z e d  t h a t  t h e  i n h i b i t o r  o f  l i g n i n a s e  a c t i v i t y  

i s  a  p o l y m e r i c  u r o n i c  a c i d  t h a t  i n  t h e  p r e s e n c e  o f  a d d e d  

m e t a l  i o n s  i s  n o  l o n g e r  a b l e  t o  i n h i b i t  t h e  a c t i o n  o f  

l i g n i n a s e .  A l t h o u g h  t h e  m e c h a n i s m  w h e r e b y  m e t a l  i o n s  

r e n d e r  t h e  i n h i b i t o r  i n e f f e c t i v e  h a s  n o t  b e e n  e l u c i d a t e d ,  

i t  c o u l d  b e  i m a g i n e d  t h a t  t h e  m e t a l  i o n s  a r e  a b l e  t o  

c h e l a t e  t h e  i n h i b i t o r ,  t h u s  p r e v e n t i n g  i t  f r o m  b i n d i n g  t o  

t h e  e n z y m e .



F r o m  t h e  k i n e t i c  s t u d i e s  c a r r i e d  o u t  u s i n g  t h e

i n h i b i t o r ,  i t  w a s  a p p a r e n t  t h a t  f o r  a  p u r i f i e d  i s o z y m e  o f

l i g n i n a s e ,  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  t h e  i n h i b i t o r

r e s u l t e d  i n  a  d e c r e a s e  i n  t h e  V a n d  a  s i m u l t a n e o u s
m a x

i n c r e a s e  i n  t h e  K , a n d  h e n c e ,  w a s  i n d i c a t i v e  o f  a  m i x e d

p a t t e r n  o f  i n h i b i t i o n  ( R u d o l p h ,  1 9 8 3 ) .  I n  c o n t r a s t  t o

t h e s e  r e s u l t s ,  i t  w a s  f o u n d  t h a t  u s i n g  t h e  c r u d e

p r e p a r a t i o n  o f  l i g n i n a s e  f r o m  w h i c h  t h e  i n h i b i t o r  w a s

i s o l a t e d ,  a  c o m p a r i s o n  o f  t h e  k i n e t i c  p r o p e r t i e s  i n  t h e

p r e s e n c e  a n d  a b s e n c e  o f  Mg i o n s  r e v e a l e d  t h a t  f o r  b o t h

v e r a t r y l  a l c o h o l  a n d  H2 O2 , t h e  p r e s e n c e  o f  t h e  Mg 2+ i o n s

r e s u l t e d  i n  a  d e f i n i t e  i n c r e a s e  i n  t h e  V w i t h  n o
m a x

a l t e r a t i o n  i n  t h e  K . T h i s  i m p l i e s  t h a t  f o r  t h e  c r u d e
m

e n z y m e  p r e p a r a t i o n ,  t h e  n a t u r e  o f  t h e  i n h i b i t i o n ,  w h i c h  

i s  p r e s u m a b l y  " m a s k e d "  i n  p r e s e n c e  o f  t h e  M g 2+ i o n s ,  i s  a  

c l a s s i c  e x a m p l e  o f  n o n c o m p e t i t i v e  i n h i b i t i o n  ( R u d o l p h ,  

1 9 8 3 ) .  I t  i s  n o t  k n o w n  w h y  t h e  n a t u r e  o f  t h e  i n h i b i t i o n  

i s  n o t  s o  c l e a r l y  d e f i n e d  f o r  t h e  p u r e  i s o z y m e  o f  

l i g n i n a s e ,  b u t  i t  s h o u l d  b e  p o i n t e d  o u t  t h a t  f o r  t h e  

c r u d e  p r e p a r a t i o n  o f  l i g n i n a s e ,  t h e  e f f e c t  b e i n g  s t u d i e d  

i s  t h e  a p p a r e n t  r e l e a s e  f r o m  a  s t a t e  o f  p a r t i a l  

i n h i b i t i o n  i n  a  f i x e d  a m o u n t  o f  i n h i b i t o r ;  w h e r e a s ,  f o r  

t h e  p u r i f i e d  i s o z y m e  o f  l i g n i n a s e ,  t h e  e f f e c t  b e i n g  

s t u d i e d  i s  t h e  p a t t e r n  o f  i n h i b i t i o n  i n  t h e  p r e s e n c e  o f  

i n c r e a s i n g  c o n c e n t r a t i o n s  o f  i n h i b i t o r ,  a n d  t h u s  t h e  t w o  

s e t s  o f  e x p e r i m e n t s  a r e  n o t  d i r e c t l y  c o m p a r a b l e .  T h i s  

o b s e r v a t i o n  p r o b a b l y  a c c o u n t s  f o r  w h y  t h e  t w o  s e t s  o f  

r e s u l t s  d o  n o t  p r o d u c e  t h e  s a m e  r e s u l t s ,  a n d  w i t h  h i n d 

s i g h t ,  i t  c a n  b e  c o n c l u d e d  t h a t  a  b e t t e r  e x p e r i m e n t  t o
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h a v e  c a r r i e d  o u t ,  w o u l d  h a v e  b e e n  t o  s t u d y  t h e  e f f e c t  o f  

m e t a l  i o n s  o n  t h e  p a t t e r n  o f  i n h i b i t i o n  o f  t h e  p u r i f i e d  

i s o z y m e  o f  l i g n i n a s e  i n  a  f i x e d  c o n c e n t r a t i o n  o f  t h e  

i s o l a t e d  i n h i b i t o r  f r a c t i o n .

I n  a  r e c e n t  r e p o r t  o n  t h e  a n a l y s i s  o f  t h e  p o l y 

s a c c h a r i d e  m a t e r i a l  p r o d u c e d  b y  a  c o n t i n u o u s  c u l t u r e  o f  

P .  c h r y s o s p o r i u m , B u c h a l a  a n d  L e i s o l a  ( 1 9 8 7 )  s h o w e d  t h a t  

a f t e r  a c i d  h y d r o l y s i s ,  t h i s  m a t e r i a l  c o n t a i n e d  g l u c o s e ,  

m a n n o s e ,  g a l a c t o s e ,  f u c o s e ,  a n d  x y l o s e ,  b u t  t h a t  i t  d i d  

n o t  c o n t a i n  u r o n i c  a c i d s .  T h e  i n a b i l i t y  t o  d e t e c t  t h e  

p r e s e n c e  o f  u r o n i c  a c i d s  m a y  h a v e  b e e n  d u e  t o  t h e  f a c t  

t h a t  B u c h a l a  a n d  L e i s o l a  ( 1 9 8 7 )  u s e d  a n  a s s a y  m e t h o d  

w h i c h  i s  r e p o r t e d  t o  b e  l e s s  s e n s i t i v e  a n d  l e s s  s e l e c t i v e  

t h a n  t h a t  u s e d  i n  t h i s  t h e s i s  ( s e e  S c o t t ,  1 9 7 9 ) .  An 

a l t e r n a t i v e  e x p l a n a t i o n  f o r  i n a b i l i t y  o f  B u c h a l a  a n d  

L e i s o l a  ( 1 9 8 7 )  t o  d e t e c t  t h e  p r e s e n c e  o f  u r o n i c  a c i d s  m a y  

h a v e  b e e n  d u e  t o  t h e  e n t i r e l y  d i f f e r e n t  m e t h o d s  o f  

c u l t u r e ,  b u t  p e r h a p s  m o r e  i m p o r t a n t l y  i t  i s  n o t  d e s c r i b e d  

w h e t h e r  t h e  c o n t i n u o u s  c u l t u r e s  o f  P .  c h r y s o s p o r i u m  u s e d  

f o r  t h e  i s o l a t i o n  o f  t h e  p o l y s a c c h a r i d e  m a t e r i a l  w e r e  

l i g n i n o l y t i c  o r  w h e t h e r  t h e y  w e r e  s t i l l  a c t i v e l y  g r o w i n g .  

H o w e v e r ,  i n  t h e  o r i g i n a l  p a p e r  w h i c h  d e s c r i b e s  t h e  

c o n t i n u o u s  c u l t u r e  o f  P .  c h r y s o s p o r i u m , i t  w a s  c o n c l u d e d  

b y  L e i s o l a  e t  a l . ( 1 9 8 2 )  t h a t  t h e  p r o d u c t i o n  o f  p o l y 

s a c c h a r i d e  r e s u l t e d  i n  t h e  i n h i b i t i o n  o f  l i g n i n  

d e g r a d a t i o n ,  a l t h o u g h  t h e  a u t h o r s  w e r e  u n a b l e  t o  d e f i n e  

t h e  p r e c i s e  n a t u r e  o f  t h i s  i n h i b i t i o n .
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F i n a l l y ,  i t  u s e f u l  t o  s u m m a r i s e  w h a t  h a s  b e e n  

l e a r n t  f r o m  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  t h e s i s ,  a n d  w h a t  

d i r e c t i o n s  s u b s e q u e n t  r e s e a r c h  s h o u l d  f o l l o w  t o  u n r a v e l  

s o m e  o f  t h e  o b s e r v a t i o n s  m a d e  i n  t h i s  t h e s i s ,  b u t  w h i c h  

h a v e  n o t  b e e n  a b l e  t o  b e  f u l l y  r e s o l v e d .  F i r s t ,  i t  

s h o u l d  b e  s t a t e d  t h a t  f r o m  t h e  r e s u l t s  p r e s e n t e d  a n d  

d i s c u s s e d  i n  t h i s  t h e s i s ,  t h e  c u l t u r e  c o n d i t i o n s  w h i c h  

l e a d  t o  t h e  h i g h e s t  l e v e l s  o f  l i g n i n a s e  p r o d u c t i o n  a r e  

o b s e r v e d  w h e n  u s i n g  a g i t a t e d ,  i n d u c e d  c u l t u r e s  i n c u b a t e d  

u n d e r  c o n d i t i o n s  o f  c a r b o n  l i m i t a t i o n ,  a n d  i n  t h e  

p r e s e n c e  o f  a n  i m m o b i l i s a t i o n  s u p p o r t  t o  f a c i l i t a t e  t h e  

p r o d u c t i o n  o f  s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e  f r o m  t h e  

s a m e  f u n g a l  b i o m a s s .  A l t h o u g h  t h e  u s e  o f  c a r b o n  l i m i t e d  

c u l t u r e s  f o r  t h e  p r o d u c t i o n  o f  l i g n i n a s e  h a d  o n l y  j u s t  

b e e n  r e p o r t e d  a f t e r  m u c h  o f  t h e  d e v e l o p m e n t a l  m i c r o 

b i o l o g y  h a d  a l r e a d y  b e e n  c a r r i e d  o u t  i n  t h i s  t h e s i s ,  t h e  

r e s u l t s  o f  p r e l i m i n a r y  s t u d i e s  u s i n g  c a r b o n  l i m i t e d  

f o a m - i m m o b i l i s e d  c u l t u r e s  o f  P .  c h r y s o s p o r i u m , a n d  

c e r t a i n l y  t h e  r e s u l t s  o f  L i n k o  e t  a l .  ( 1 9 8 7 )  w h i c h  h a v e  

b e e n  d i s c u s s e d  a b o v e  ( s e e  S e c t i o n  4 . 1 ) ,  h a v e  b o t h  s h o w n  

t h a t  h i g h e r  l e v e l s  o f  l i g n i n a s e  a r e  p r o d u c e d  u n d e r  

c o n d i t i o n s  o f  c a r b o n  l i m i t a t i o n ,  a n d  a l s o  t h a t  t h e  

c o n t i n u e d  p r o d u c t i o n  o f  s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e  

u s i n g  f o a m ,  o r  a g a r / a g a r o s e  i m m o b i l i s e d  c u l t u r e s ,  i s  

s i g n i f i c a n t l y  b e t t e r  u n d e r  c o n d i t i o n s  o f  c a r b o n  l i m i t a t i o n  

s i n c e  t h e r e  i s  n o  a p p a r e n t  d e c r e a s e  i n  t h e  m a g n i t u d e  o f  

s u c c e s s i v e  h a r v e s t s  o f  l i g n i n a s e .  H a v i n g  d e s c r i b e d  t h e  

o p t i m a l  c o n d i t i o n s  o f  l i g n i n a s e  p r o d u c t i o n  t h a t  e x i s t s  

t o - d a t e ,  i t  i s  w o r t h  c o n s i d e r i n g  t h a t  p e r h a p s  t h e  n e x t



l e a p  f o r w a r d  i n  t h e  p r o d u c t i o n  o f  l i g n i n a s e  b y  P . 

c h r y s o s p o r i u m  w i l l  b e  t o  a d a p t  t h e  u s e  o f  i m m o b i l i s e d  

c u l t u r e s  o f  t h e  f u n g u s  t o  t h e  p r o d u c t i o n  o f  l i g n i n a s e  i n  

a  f u l l y  c o n t i n u o u s  s y s t e m .  L i n k o  e t  a l . ( 1 9 8 7 )  h a v e

a l r e a d y  p r e s e n t e d  s o m e  s k e t c h y  d a t a  i n  t h i s  r e s p e c t ,  b u t  

i t  i s  o b v i o u s  t h a t  t h e r e  a r e  s t i l l  m a n y  p r o b l e m s  t h a t  a r e  

r e q u i r e d  t o  b e  s o r t e d  o u t .  F o r  e x a m p l e ,  w h i c h  i m m o b i l i 

s a t i o n  s y s t e m ?  W h a t  f e r m e n t o r  d e s i g n ?  C o m p o s i t i o n  o f  

m e d i u m ?  U s e  o f  i n d u c e r s  o r  p r o t e c t o r s ?  S t r a i n  i m p r o v e 

m e n t  a n d  h o w  t o  s e l e c t  f o r  a  b e t t e r  s t r a i n ?  I n  a d d i t i o n ,  

i n  t e r m s  o f  t h e  m i c r o b i o l o g y ,  t h e r e  i s  a l s o  t h e  c l o n i n g  

o f  l i g n i n a s e  f i r s t  m e n t i o n e d  i n  S e c t i o n  1 . 3 . 3 .  O n e  o f  

t h e  p r o b l e m s  t h a t  r e q u i r e s  t o  b e  s o r t e d  o u t  w i t h  t h i s  

a p p r o a c h  i s  t h e  i n c o r p o r a t i o n  -  a n d  s t a b i l i t y  -  o f  t h e  

h a e m  g r o u p ;  a n d  f o r  t h a t  m a t t e r ,  h o w  i s  i t  b e s t  t o  

i m p r o v e  t h e  h a e m  g r o u p ?  H a v i n g  m e n t i o n e d  h a e m  g r o u p s ,  

t h e r e  i s  a l s o  s o m e  i n t e r e s t i n g  w o r k  c o m i n g  o u t  o f  t h e  

l a b o r a t o r i e s  o f  D a v i d  D o l p h i n ,  UBC,  V a n c o u v e r ,  C a n a d a  a n d  

M i k e  S h i m a d a ,  K y o t o  U n i v e r s i t y ,  J a p a n ,  w h o  a r e  u s i n g  

a r t i f i c i a l  h a e m  g r o u p s  t o  c a r r y  o u t  s o m e  o f  t h e  t r a n s 

f o r m a t i o n s  m e d i a t e d  b y  l i g n i n a s e .

H a v i n g  d e s c r i b e d  s o m e  o f  t h e  p o s s i b l e  o b j e c t i v e s  

t h a t  e x i s t  i n  t h e  f i e l d  o f  m i c r o b i o l o g y ,  i t  s h o u l d  a l s o  

b e  s t a t e d  t h a t  i n  t h e  f i e l d  o f  b i o c h e m i s t r y ,  t h e  r e g u 

l a t i o n  o f  l i g n i n a s e  i n  t h e  b r e a k d o w n  o f  l i g n i n  i n  v i v o  

h a s  y e t  t o  b e  f u l l y  s o r t e d  o u t ;  f o r  e x a m p l e ,  w h a t  i s  i t  

t h a t  p r e v e n t s  l i g n i n a s e  f r o m  p o l y m e r i s i n g  l i g n i n  w h e n  t h e  

e n z y m e  i s  f u n c t i o n i n g  i n  t h e  p r e s e n c e  o f  t h e  f u n g u s ,  a n d
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c o n v e r s e l y ,  w h y  d o e s  l i g n i n a s e  p o l y m e r i s e  l i g n i n  w h e n  

i s o l a t e d  a w a y  f r o m  t h e  f u n g u s ?  A n d  a l s o ,  r e t u r n i n g  t o  

t h e  o b s e r v a t i o n s  d e s c r i b e d  i n  t h i s  t h e s i s ,  w h y  i s  i t  t h a t  

a n  o r g a n i s m  c a p a b l e  o f  d e g r a d i n g  l i g n i n ,  a n d  i n c u b a t e d  

u n d e r  l i g n i n o l y t i c  c o n d i t i o n s ,  p r o d u c e s  a n  i n h i b i t o r  o f  

l i g n i n a s e ?  I n  t h e  i n t r o d u c t i o n  t o  t h i s  t h e s i s ,  i t  w a s  

d e s c r i b e d  t h a t  w o o d  i s  l i k e l y  t o  b e  a  n i t r o g e n  l i m i t e d  

s u b s t r a t e ,  a n d  s o  c o n s e q u e n t l y ,  i t  m a y  n o t  b e  t o t a l l y  

i n c o n c e i v a b l e  t h a t  t h i s  i n h i b i t o r  i s  p r o d u c e d  i n  v i v o .

I f  s o ,  d o e s  i t  a c t  a s  a  r e g u l a t o r  o f  l i g n i n a s e  a c t i v i t y ?  

I s  t h e  r o l e  o f  m e t a l  i o n s  i n  w o o d  p e r h a p s  r e l a t e d  t o  t h e  

i n a c t i v a t i o n  o f  t h i s  i n h i b i t o r ;  f o r  e x a m p l e ,  i s  t h i s  t h e  

e x p l a n a t i o n  f o r  t h e  a c c u m u l a t i o n  o f  m a n g a n e s e  i o n s  i n  

d e g r a d e d  w o o d  ( B l a n c h e t t e ,  1 9 8 4 ) ,  o r  t h e  o b s e r v a t i o n  t h a t  

i n o r g a n i c  s a l t s  c a n  b e  u s e d  t o  a c t  a s  w o o d  p r e s e r v a t i v e s  

( N i c h o l a s  a n d  P r e s t o n ,  1 9 8 4 ) ,  o r  t h e  o b s e r v a t i o n  b y  

L e a t h a m  ( 1 9 8 6 )  t h a t  t h e  l i g n i n o l y t i c  a c t i v i t y  o f  P . 

c h r y s o s p o r i u m  i s  a p p a r e n t l y  s t i m u l a t e d  i n  t h e  p r e s e n c e  o f  

a  r a n g e  o f  i n o r g a n i c  m e t a l s ?  T h e  a v e r a g e  pH o f  w o o d  i s  

r e p o r t e d  t o  b e  b e t w e e n  pH 3 . 0  a n d  pH 5 . 5  ( S t a m m ,  1 9 6 4 )  

a n d  y e t  a l t h o u g h  t h e  l i g n i n o l y t i c  f u n g u s  s t u d i e d  b y  m o s t  

r e s e a r c h e r s ,  i . e .  P . c h r y s o s p o r i u m , w i l l  g r o w  o p t i m a l l y  a t  

pH 4 . 5 ,  w h y  i s  i t  t h a t  a t  t h i s  p H ,  i t  p r o d u c e s  a n  e n z y m e  

t h a t  h a s  a  pH o p t i m u m  o f  a n y t h i n g  b e t w e e n  pH 2 . 0  a n d  pH 

3 . 1 ?  A n d  f i n a l l y  w h a t  i s  t h e  r o l e  o f  t h e  o t h e r  e n z y m e s  

s u c h  a s  t h e  m a n g a n e s e - d e p e n d e n t  p e r o x i d a s e  d e s c r i b e d  i n

S e c t i o n  1 . 3 . 2 . 2 ?



T h e s e  a r e  j u s t  s o m e  o f  t h e  m a n y  i s s u e s  t h a t  h a v e  

y e t  t o  b e  s o r t e d  o u t ,  a n d  w h i c h  t o g e t h e r  h e l p  m a i n t a i n  a  

l a r g e  i n t e r e s t  i n  t h e  f i e l d  o f  l i g n i n  d e g r a d a t i o n ,  b o t h  

i n  i n d u s t r y  a n d  i n  a c a d e m i a .
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Appendix I
This appendix describes the composition of the medium used in 

all stationary and agitated batch culture experiments- Routinely, 
five times concentrated stock solutions o-f the medium components 
were autoclaved at 1210c for 15 minutes and were then stored at 
40c until required.

A. 1.1 Standard culture medium
Concentration / g.l 1

Glucose 10.0

Ammonium tartrate 0-22

Potassium dihydrogen phosphate 2-0
Magnesium sulphate 0-5
Calcium chloride 0 - 1

Thiamine- HC1 1.0 x 10“3
Sodium tartrate buffer, pH 4.5 10-OmM
Mineral solution 10.0ml *

(*• See below — Please turn over)



2 2 3

A.1.2 Mineral solution

QJuc0u ntration / g.l— x
Ni tri1otri acetate 1-5
Magnesium sulphate 3.0
Manganese sulphate 0.5
Sodium chloride 1.0
Iron (II) sulphate 0. 1
Cobalt sulphate 0. 1
Calcium chloride 0.11
Zinc sulphate 0. 1
Capper (II) sulphate 0.01
Aluminium potassium sulphate 0. 01
Boric acid 0.01
Sodium molybdate 0.01



A p p e n d i x  I I

A.2-1 Markers for SDS—polyacry1 amide gel electrophoresis

Protei n Molecular Weight 
(Kd)

Logio Molecular 
weight

Bovine serum albumin 67.0 1.820
Catalase 60. 0 1.778
□valbumin 43.0 1.633
Peroxi dase 40-0 1.602
Lactate dehydrogenase 36.0 1.556
Chymotrypsin 25-7 1.410
Myoglobin 17.2 1.23
Cytochrome c oxidase 12.3 1.090
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D e g r a d a t i o n  o f  l i g n i n  a n d  l i g n i n  m o d e l  c o m p o u n d s  
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( 1 9 8 6 )  F o r m a t i o n  a n d  p a r t i a l  c h a r a c t e r i z a t i o n  o f  

g l u c o s e - 2 - o x i d a s e ,  a  H 2 0 2 p r o d u c i n g  e n z y m e  i n  

P h a n e r o c h a e t e  c h r y s o s p o r i u m . A p p l . M i c r o b i o l .  

B i o t e c h .  2 3 : 2 5 7 - 2 6 2 .

E v a n s ,  W . C .  ( 1 9 7 7 )  B i o c h e m i s t r y  o f  t h e  b a c t e r i a l

c a t a b o l i s m  o f  a r o m a t i c  c o m p o u n d s  i n  a n a e r o b i c  

e n v i r o n m e n t s .  N a t u r e  2 7 0 : 1 7 - 2 2 .
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l i g n i n  d e g r a d a t i o n  a n d  p r o d u c t i o n  o f  r e d u c e d  
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M i n n e s o t a  r e e d  s l u d g e  p e a t .  R e c . R e c o v .  

C o n s e r v a t .  4 : 1 1 5 - 1 3 9 .

G l e n n ,  J . K .  a n d  G o l d ,  M . H .  ( 1 9 8 5 )  P u r i f i c a t i o n  a n d  
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G o l d s t e i n ,  I . S .  ( 1 9 7 5 )  P o t e n t i a l  f o r  c o n v e r t i n g  w o o d  

i n t o  p l a s t i c s .  S c i e n c e  1 8 9 : 8 4 7 - 8 5 2 .
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P h a n e r o c h a e t e  c h r y s o s p o r i u m . FEMS M i c r o b i o l .  
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F i e c h t e r ,  A.  ( 1 9 8 6 b )  O x i d a t i o n  o f  b e n z o ( a ) p y r e n e  

b y  e x t r a c e l l u l a r  l i g n i n a s e s  o f  P h a n e r o c h a e t e  

c h r y s o s p o r i u m . J .  B i o l .  C h e m .  2 6 1 : 6 9 0 0 - 6 9 0 3 .

H a i d e r ,  K.  a n d  T r o j a n o w s k i ,  J .  ( 1 9 7 5 )  D e c o m p o s i t i o n  o f  

s p e c i f i c a l l y  1 ^ C - l a b e l l e d  p h e n o l s  a n d  d e h y d r o 

p o l y m e r s  o f  c o n i f e r y l  a l c o h o l  a s  m o d e l s  f o r  

l i g n i n  d e g r a d a t i o n  b y  s o f t  a n d  w h i t e  r o t  f u n g i .  

A r c h .  M i c r o b i o l .  1 0 5 : 3 3 - 4 1 .

H a j n y ,  G . J . ,  G a r d n e r ,  C . H .  a n d  R i t t e r ,  G . J .  ( 1 9 5 1 )  

T h e r m o p h i l i c  f e r m e n t a t i o n  o f  c e l l u l o s e  a n d  

l i g n o c e l l u l o s e  m a t e r i a l s .  I n d .  E n g .  C h e m .  

4 3 : 1 3 8 4 - 1 3 8 9 .

H a m m e l ,  K . E . ,  K a l y a n a r a m a n , B .  a n d  K i r k ,  T . K .  ( 1 9 8 6 a )  

S u b s t r a t e  f r e e  r a d i c a l s  a r e  i n t e r m e d i a t e s  i n  

l i g n i n  c a t a l y s i s .  P r o c .  N a t .  A c a d .  S c i .  USA
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O x i d a t i o n  o f  p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s  a n d  

d i b e n z o ( p ) - d i o x i n s  b y  P h a n e r o c h a e t e  c h r y s o s p o r i u m  
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K . E . ,  K a l y a n a r a m a n ,  B .  a n d  K i r k ,  T . K .  ( 1 9 8 7 )  

O x i d a t i o n  o f  a r o m a t i c  p o l l u t a n t s  b y  P h a n e r o c h a e t e  

c h r y s o s p o r i u m  l i g n i n a s e .  P r o c e e d i n g s  

" I n t e r n a t i o n a l  S e m i n a r  o n  l i g n i n  e n z y m i c  a n d  

m i c r o b i a l  d e g r a d a t i o n " .  I n  p r e s s .

K . E . ,  T i e n ,  M, K a l y a n a r a m a n ,  B.  a n d  K i r k ,  T . K .  

( 1 9 8 5 )  M e c h a n i s m  o f  o x i d a t i v e  C - a l p h a  -  C - b e t a  

c l e a v a g e  o f  a  l i g n i n  m o d e l  d i m e r  b y  P h a n e r o c h a e t e  
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f r e e  r a d i c a l s .  J .  B i o l .  C h e m .  2 6 0 : 8 3 4 8 - 8 3 5 3 .

J . M . ,  C r a w f o r d ,  D . L .  a n d  M c C o y ,  E .  ( 1 9 7 4 )

B a c t e r i a l  p r o t e i n  f r o m  p u l p s  a n d  p a p a r  m i l l s l u d g e .  

T a p p i  5 7 : 1 3 1 - 1 3 4 .

P . J . ,  S c h o e m a k e r ,  H . E . ,  B o w e n ,  R . M .  a n d  P a l m e r ,  

J . M .  ( 1 9 8 5 a )  S i n g l e - e l e c t r o n  t r a n s f e r  p r o c e s s e s  
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236

H a r v e y ,  P . J . ,  S c h o e m a k e r ,  H . E .  a n d  P a l m e r ,  J . M .  ( 1 9 8 6 )  
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G e n .  A p p l . M i c r o b i o l .  1 9 : 1 7 1 - 1 8 7 .

H a t a k k a ,  A .  ( 1 9 8 6 )  D e g r a d a t i o n  a n d  c o n v e r s i o n  o f  l i g n i n ,  
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l i g n i n a s e s  a n d  d e g r a d a t i o n  o f  l i g n i n  i n  s u b m e r g e d  
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N u t r i t i o n a l  r e g u l a t i o n  o f  l i g n i n  d e g r a d a t i o n  b y  
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