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lllE FATE OF 14C-LABELLED BICE kSlDLEcuLaB UEICHT 
CHLORINATED L I G N I N  AND CHROHOPHOBIC UTERIAL DURING 

. MICROBIAL TREATMENT OF BLEACHED KRAFT EPFX.U?3T 

Robert Bourbonnais and Mchael G. Palce 
Pulp and Paper Research I n s t i t u t e  of Canada 

Pointe C la i r e ,  Quebec, Canada E9R U 9  

ABSTRACT 

Bleached k r a f t  e f f l u e n t  (BKE) I s  highly  coloured due t o  the  
presence of high molecular vc ight ,  ch lo r ina t ed ,  o r id i sed  l i gn in .  
The dimethyl fo raadde - so lub le  por t ion  of BKE vas r ad io l abe l l ed  by 
methoxylation with l k - r c t h y l  iod ide ,  and t h e  r e s u l t i n g  
product (C14-BKE) vas used t o  i n v e s t i g a t e  t h e  mechanism of colour 
r a o v a l  by fungi and bac ter ia .  The white-rot fungi Coriolus 
ve r s i co lo r  a d  Pleurotru sa jor -ca ju  decolor l sed  t h e  S O l U t i O M ,  8nd 
d e p o l y r r i d  tbe C14-lKE. Both fungi produced about 16% 
1 4 C O ~  from C14-BKE i n  20 days. The t h r e e  bac te r i a  t e s t e d ,  
Bac i i lus  car- and two s t r a i n s - o f  Peaudoron8s 
=pr-y by d s o r p t l o a  with l i t t l e  
minera l iza t ion .  The adsorbed C14-BKE could be removed from 
b a c t e r i a l  cells by trashing with 0.1 !4 W H .  

INTRODUCTION 

Eff luents  from t h e  bleach p l an t s  of k r a f t  dlls a r e  highly 

coloured due u i n l y  t o  t he  presence of high molecular w i g h t  

ch lor ina ted  l i g n l n l  removed from the  pulp l a r g e l y  during alka- 

line ext rac t ion .  Although many d l l s  have b io logica l  treatment 

p l an t s ,  such as aera ted  lagoons, f o r  reduct ion  of b io logica l  

oxygen dcrand and f i s h  t o x l c i t y ,  t he  l i gn in  is r e c a l c i t r a n t  and 

remains in so lu t ion  g iv ing  a highly coloured e f f luen t .  Various 
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5 2  BOURBONNAIS AND PAICE 

white-rot fungi2s3  and b a c t e r i a 4  have t h e  a b i l i t y  t o  remove 

co lour  from bleached k r a f t  e f f l u e n t  (BKE). Hovever, i t  I S  d i f f l -  

c u l t  t o  t e l l  from these  r epor t s  whether co lou r  removal I s  due t o  

chemical modi f ica t ion  of t h e  chromophores o r  simply adsorp t ion  of 

coloured material on t h e  biomasr. Several vhi te - ro t  fungi ,  such 

as Phanerochaete chryroapor iur3  and Cor io lur  v e r s i c o l o r 2  a r e  

capable of deco lo r i s ing  BKE on a continuous b a s i s  wNch involves  

more than  simple adsorp t ion  because t h e  adso rp t ive  capac i ty  of t h e  

biomass is very  limited. 

The mechanism of l i g n i n  and l i g n i n  rode1 compound degradation 

by 2. chrysosporium is becopling better understood5. Recently an 

e x t r a c e l l u l a r  manganese-dependent peroxidase wf t h  both colour- 

removing and l i g n i n o l y t i c  a c t i v i t y  vas i so l a t ed6 .  Glenn and 

Gold’ have also es t ab l i ahed  a c o r r e l a t i o n  be tmen  l i g n i n  

biodegradation and co lour  r e w v a l  from polymeric dyes. Colour 

removal from BKE by 2. v e r s i c o l o r  is e f f e c t e d  by two independent 

routes8,  one involv ing  H202 production by an i n t r a c e l l u l a r  

oxidase and t h e  o the r  involv lng  d l r e c t  ox ida t ion  of chrowrphores 

by oxygen and laccase.  For o the r  mtcrobia l  systems, adsorp t ion  

might be an important f ac to r .  h r t o n  at &.9 concluded t h a t  

adaorp t ion  of chrorophores vas an Important f a c t o r  i n  colour  ra- 

moval from k r a f t  black l i q u o r  by t h e  fungus Polyporus v c r r i c o l o r .  

Radio labe l l ing  has been recognised previous ly  as a convenient 

method f o r  following t h e  metabolic f a t e  of l igninlO. Both & 
- vivo l abe l l i ng11  and 14C methoxylationl2 of na tu ra l ly -  

occur r ing  l i g n i n s  have been used. For i n d u s t r i a l  l i g a i n s ,  

Luudquist et al.13 produced haft and bleached k r a f t  l i g n t n s  

from Cl4-labelled dehydrogenation polymerlzate (DHP), which could 

be degraded and even tua l ly  mineralized by 2. chrysosporium. 

Eriksson14 has obtained C14-labelled BKE by pulping and 

bleaching in vivo  l a b e l l e d  spruce. The BKE w a s  mineralized by 2. 
chrysosporium, but not by bac te r i a .  I n  t h i s  paper,  wz desc r ibe  a 

procedure f o r  t h e  s impl i f i ed  prepara t ion  of ClL-BKE by methylation 

of high molecular ve ight  BKE s o l i d s  with 14C methyl iod ide .  
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53 A SIUPLIPIED PREPARATION OF C14-BKE 

O n l y  t h e  fungi  could depolymerise and m i n e r a l i z e  t h e  BKE t o  CO2 

under our  e x p e r i r n t a l  condi t ions .  The b a c t e r i a  were found t o  

adoorb t h e  r a d i o l a b e l l e d  material. 

HATERIALS AND CIETHODS 

Organisms and C u l t u r e  Condit ions 

Cor io lus  v e r s i c o l o r 2  anci Pleuro tus  s a j o r - c a j u l 5  were 

grown in shake f l a s k s  (500 mL) c o n t a i n i n g  200 mL of malt e x t r a c t  

b r o t h  (Difco)  wfth a 2 c m  g l a s s  bead f o r  5 days  at 30.C and 250 

rpm. Pseudoronas aeruginosa ,  strains ATCC 31482 and SR13. and 

k i l l u s  c e r e u s  S-12 -re grown f o r  2 days  on n u t r i e n t  bro th  as 
above. 2. c e r e u s  and s t r a i n  S-R13 u r e  s e l e c t e d  from a bank of 25 

s t r a i n s  of b a c t e r i a  prev ious ly  screened for t h e i r  c a p a c i t y  t o  

remove c o l o u r ,  and o r i g i n a t e d  from t h e  i n t e s t i n a l  tract of an 

earthworm and t h e  a c t i v a t e d  s ludge  of  a k r a f t  pill. r e s p e c t i v e l y .  

Prepara t ion  of 14C-kkthylated U g h  
I b l e c u l a r  Weight Chlor inated Lignin 

Eff luent  (200 EL) from t h e  f i r s t  e x t r a c t i o n  s t a g e  of t h e  

bleach p l a n t  of a u s t - i n t e r i o r  Canadian haft  ail1 was a d j u s t e d  

t o  pH 3 d f r e e z e  dr ied .  The r e s u l t i n g  f r e e z e - d r i e d  powder was 

then  ruspended i n  100 nL dimethyl formaaide (MF)  at 1OO'C f o r  30 

min with cons tan t  a g i t a t i o n  and t h e n  f i l t e r e d  on a g l a s s  f i l t e r .  

Approximately 25% of t h e  t o t a l  s o l i d s  c o n t a i n i n g  most of t h e  

co lored  material uas s o l u b i l i s e d .  Thc Dw va8 t h e n  evaporated and 

t h e  r e s i d u e  d i s s o l v e d  i n  100 mL 1120 and r e f i l t e r e d  before  f r e e z e  

drying.  The remaining powder wan d i s s o l v e d  i n  1120 and c e n t r i -  

fuged at 20,000 rpr f o r  10 Pin t o  d i s c a r d  any i n s o l u b l e  p a r t i c l e s .  

The s o l u t i o n  w a s  t h e n  chrrmatographed on a Sephadex G25 ( f i n e  

grade) colupn v f t h  water as e luent .  F r a c t i o n s  of  t h e  f i r s t  e l u t e d  

peak -re then  pooled and f r e e z e  d r i e d .  A sample (100 mg) waa 

d i s s o l v e d  i n  10 mL of warm DHF and methylated overn ight  wi th  

14CH31 (250 uCi) and K2CO3 ( 7 5  mg) w i t h  c o n s t a n t  s t i r r i n g .  excess 
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54 BOURBONNAIS AM) PAICE 

unlabelled CE3I (M IIL) was then added and s t i r r i n g  continued 
fo r  4 hours t o  complete the methylation. The react ion d x t u r e  was 

evaporated, redissolved in 10 mL 820 and centrifuged. The solu- 

t i on  was then chroaatographed on 0 2 5  as described p rev lou ly .  

The radioact ive f r ac t ions  of the f i r s t  e lu t ed  peak were pooled and 

freeze dr ied t o  give 78 mg of radiolabel led,  high molecular 

weight, chlorinated l i gn in  (C14-BKE) with a s p e c i f i c  a c t i v i t y  of 

212,000 DPIUmg. 

Each react ion mixture contained 16 mg/mL of microorganism 

(based on dry m i g h t  determination), 0.5 q / m L  (106,OOO DPH/mL) of 

radiolabelled BKE, 10 mPl glucose in a medium that  contained 
( L - l ) :  M12P04, 0.8 g; K2HW4, 0.2 g ;  !fgw4.7H20, 0.89 g; 

Nfl4m4.4820, 0.2 g ;  urea 51 m g ;  ZnS04.7H20, 4.4 mg; 

b!X4.82O, 3.8 mg; CuSOq.SH20, 1 mg; f e r r i c  c i t r a t c ,  5 mg; 

CaCl2, 20 mg.  

ylsuccinate,  0.05 n. A blank without microorganisma was also 

included. trle-yer f l a s h  (50 mL), containing 5 o L  of the reac- 
t i o n  d x t u r e ,  Yare closed with rubber stoppers equipped with tube 

ports  t o  perdt periodic oxygen flushlng and co l l ec t ion  of CD2 

e s s e n t i a l l y  86 described earlierlO. Plash -re then incu- 

bated fo r  20 days a t  30.C with constant shaking (150 WH). A t  3 

t o  4 d8y i n t e r v a l s  the f l a s k s  =re cooled down in an i c e  bath t o  
minimize .rapor8tion, and flushed with s te r i le  02 ( 5 0  mL/min) 

f o r  10 d o .  Effluent gas v.0 f i r s t  passed through a craakly ac id i c  

solut ion,  and CO2 was then trapped i n  10 mL of Carbon 14 Scin- 
t i l l a t i o n  Cocktail (C8t .  No. OX 161, R.J. Harvey Instrument 

Corp.). Radioactivity w a s  measured with a &ck=n LS 6800 Liquid 

S c i n t i l l a t i o n  Counter. Thc eff ic iency of counting vas determined 

by the  a . lp le  counts r a t i o  and ca l ib ra t ed  with 14C quenched 

external standards (Nev England Nuclear). 

The medium was buffered a t  pH 5.0 with 2,Z-dimeth- 

Distr ibut ion of 14C and Colour 

After the incubation period of 20 days, the contents of the 
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A SIMPLIFIED PREPARATION OF Cl4-BKE 55 

reac t ion  v i a l s  -re cent r i fuged  t o  sepa ra t e  cells from super- 

na tan t .  Cells n r e  vashed twice v i t h  5 mL of t h e  above medium and 

the  supernatants pooled together.  The c e l l s  were rcsuapended and 

cent r i fuged  with (25  rL) 0.1 M NaOH, and f i n a l l y  with 5 rL of 

water. A1kaline and water superna tan ts  were pooled and the  

remaining cells n r e  coabusted i n  a b io log ica l  d d i z e r  (R.J. 
Harvey W e 1  OY 400). The r e s u l t i n g  14C02 w a s  co l lec ted  and 

counted as described above. Radioac t iv i ty  and colour were de te r -  

mined i n  each supernatant and compared with a blank without micro- 

organisms. Radioac t iv i ty  was determined i n  a HP/b s c i n t i l l a t i o n  

cock ta i l  (Beckman) and colour WM measured as op t i ca l  dens i ty  a t  

465 nm a f t e r  ad jus t ing  the  pll t o  7.62. 

Molecular Uelght P ro f i l e  of C14-BKE Remaining in Solution 

The supernatant from the  o r ig ina l  c u l t u r e s  (above) (100 uL) 

was s u b d t t e d  t o  gel permeation chromatography on a series of 

1-125 + 1-60 c o l m s  (Waters Assoc.) using 0.05 M sodium phosphate 

bu f fe r ,  pH 6.5, am mobile phase. Frac t ions  of 1 mL -re col lec ted  

i n  s c i n t i l l a t i o n  v i a l 8  and counted f o r  r ad ioac t iv i ty .  

Time Course &actions at L o w  Biomass Concentration 

-tion mixtures vare e s s e n t i a l l y  t h e  same as described in 
t h e  assay f o r  C14-BKE degradation t o  l4CO2, except tha t  the  

biomass Concentration was lovered t o  2 q / m L  In 8 t o t a l  reac t ion  

volume of 2.5 PL. Aliquot8 of 600 u L  were taken a t  d i f f e r e n t  

tima and centrifuged t o  r epa ra t e  cells from supernatant.  Radio- 
a c t l d t y  and colour were d c t e d n e d  as described above. Following 

the  exper iaent ,  cu l tu re s  were plated t o  d e t e r d u e  v i a b i l i t y .  

D i s t r ibu t ion  of 14C at Ugh  B ~ O M S S  Loading 

The rate of 14CO2 production from l4Cqe thy la t ed ,  

high molecular n i g h t ,  ch lor ina ted  l i g n i n  (C14-BKE) i n  a nitrogen- 
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56 BOWBONNAIS AND PAICE 
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FIGURE 1: Release of 14CO7 from C14-BKE in c u l t u r e s  of - 
white-rot fungi and bac ter ia .  The CI4-BKE w a s  
supplemented with n u t r i e n t s  (see Mater ia l s  and 
Methods), buffered at pH 5, and 14C02 w a s  
c o l l e c t e d  from shaken c u l t u r e s  by f l u s h i n g  with oxygen. 
Supplemental glucose (10 mH) waa added t o  a l l  c u l t u r e s  
a t  day 14. Fungi: C o r i o l w  v c r s l c o l o r  ( + I ,  P leuro tus  
sa o t - ca  u ( 0 1. Bectaria-nas aeruginosa 
nbT& ( 0 ) , Baci l lus  cereus--and Pseudoronas 
aeruginosa 3813 ( h r  - 

l i d t e d  medium at an i n i t i a l  biomass concen t r a t ion  of 16 mg/mL is 

shown in Figure 1. The two fungi P leuro tus  sa jo r - ca ju  and 

Coriolus v e r s i c o l o r  were capable of d n e r a l i z i n g  t h e  s u b s t r a t e ,  

producing about 16% conversion t o  l4C02 a f t e r  20 days incu- 

bation. Addition of glucose (10 mM) on day 14 increased  t h e  r a t e  

of 14C02 production with 2. v e r s i c o l o r ,  but not s i g n i f i -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



A SIMPLIFIED PREPARATION OF C14-BKE 57 

c a n t l y  with t h e  o t h e r  microorganisms. In f a c t ,  none of t h e  

b a c t e r i a  t e s t e d  produced s i g n i f i c a n t  amounts of 14C02 under 

our  experimental  c o n d i t i o n s ,  which mre e s t a b l i s h e d  for e f f i c i e n t  

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

The d i s t r i b u t i o n  of 14C between g a s ,  l i q u i d  and s o l i d  

components of  t h e  c u l t u r e s  a f t e r  20 days i s  summarized in Table 1. 

Gas product ion i n  a blank (no microorganism) w a s  n e g l i g i b l e .  

Cel l - incorporated material was d i s t i n g u i s h e d  from cel l -adsorbed by 

washing t h e  cells  with sodium hydroxide. The d i s t r i b u t i o n  of 

colour  is a l s o  shown. For C. v e r s i c o l o r .  most of t h e  1 4 C  

(62%) s tayed  i n  s o l u t i o n ,  even though 66% of  t h e  co lour  w a s  re- 

moved. Very l i t t l e  of  t h e  14C or c o l o u r  w a s  a s s o c i a t e d  wi th  

t h e  c e l l ,  which i n d i c a t e s  t h a t  t h e  fungus modi f ies  t h e  chrocrophore 

i n  s o l u t i o n ,  without  complete m i n e r a l i z a t i o n  or i n c o r p o r a t i o n  i n t o  

t h e  c e l l .  The 16C d i s t r i b u t i o n  with P. s a j o r - c a j u  w a s  s ign i f -  

i c a n t l y  d i f f e r e n t .  While some 14C and co lour  remained i n  sol- 
u t i o n ,  n e a r l y  h a l f  of t h e  l a b e l  w a s  i n c o r p o r a t e d  i n t o  o r  adsorbed 

onto  t h e  cel ls .  For all t h r e e  b a c t e r i a ,  t h e  m a j o r i t y  of both 

16C and co lour  was  simply adsorbed on t h e  s u r f a c e ,  as shown by 

t h e  high I 4 C  count and co lour  r e l e a s e d  by NaOA washing. 

Hovever, a r e l a t i v e l y  high conten t  of 14C compared t o  c o l o u r  

i n  s o l u t i o n  s u g g e s t s  some modif ica t ion  of coloured material. 

- 

Molecular Weight Changes i n  C16-BKE 

l u r t h c r  evidence f o r  metabolism was found when t h e  molecular  

v c i g h t  p r o f i l e s  of  C16-BKE remaining a f t e r  d c r o b i a l  t r e a t m e n t s  

were compared wi th  non-inoculated c o n t r o l s .  For t h e  fungal  treat- 

ments (F igure  Za), lower molecular  m i g h t  material w a s  produced, 

a l though t h e  d i s t r i b u t i o n s  d i f f e r .  1111 t h r e e  b a c t e r i a  produce a 

saull amount of low ~ o l e c u l a r  weight 16C-labelled metabolite 

( F i g u r e  2b) and adsorb  on t h e i r  cel l  s u r f a c e s  p r a c t i c a l l y  all of 

t h e  high molecular  8n?ight s u b s t r a t e .  Most ( 9 2 % )  of  t h e  low oolec- 

u l a r  vc ight  14C-labe11ed component could be removed by evapor- 

a t i o n  of samples t o  dryness. 
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R e l a t i o n s h i p  Betueen 14C and Colour R c p O V i O R  Capacities 

To e x a d n e  f u r t h e r  t h e  r e l a t i o n s h i p  between t h e  rates of  

14C removal and colour  decrease  i n  s o l u t i o n ,  lovcr biomass 

c o n c e n t r a t i o n s  ( 2  ng/nL) uere used. This al lowed the rates t o  be 

d e t e d n e d  f o r  fungal  (F igure  3a) and b a c t e r i a l  ( F i g u r e  3b) cu l -  

t u r e s .  The e x t e n t  of  c o l o u r  removal by t h e  tuo fungi  was approxi-  

mately e q u a l ,  reaching  over  70% a f t e r  210 hours. -ever, f o r  C. 
v e r s i c o l o r ,  and t o  a lesser e x t e n t  1. s a j o r - c a j u ,  m c h  of t h e  

14C remained i n  s o l u t i o n ,  i n d i c a t i n g ,  as i n  Table 1,  t h a t  

changes occur  i n  t h e  c h r m p h o r e  without  m i n e r a l i z a t i o n .  In  t h e  

case of bacterial t rea tments  (F igure  3b) ,  SR-13 c l e a r l y  shoving 

t h e  h ighes t  a d s o r p t i o n  c a p a b i l i t y  i n  terms of both co lour  and 

14C. 

DISCUSSION 

Redio labe l l ing  of t h e  high molecular  w i g h t  compounds from 

bleached k r a f t  e f f l u e n t  by d i r e c t  methyla t ion  v i t h  l 'k-rpethyl 

i o d i d e  is r e l a t i v e l y  f a s t  and inexpensive.  The r a d i o l a b e l l e d  

product wao decolor ized  by t h e  fungi  and b a c t e r i a  s e l e c t e d  h e r e ,  

which can also d e c o l o r i z e  u n l a b e l l e d  BKE. O t h e r  r a d i o l a b e l l e d  BKE 
s u b s t r a t e s ,  prepared by k r a f t  cooking and bleaching  of 14C- 

DW13 and [lignin-14C] l i g n o c c l l u l o ~ e ~ ~  have been 

s u c c e s s f u l l y  u t i l i s e d  but are much more d i f f i c u l t  t o  prepare. 

The u t i l i t y  of  t h e  C14-BKJI for d i s t i n g u i s h i n g  b e t w e n  micro- 

organisms capable  of  t r u e  me tabo l i sm and t h o s e  s imply adsorbing 

t h e  s u b s t r a t e  is demonstrated in t h e  case of Paeudomonas 

aeruginosa  (ATCC-31482). This microorganism, uhich is t h e  s u b j e c t  

of a paten t  c l a i m  f o r  d e c o l o r i z i n g  pulp and paper m i l l  c f f l u -  

e n t 4 ,  removes c o l o u r  a t  pH 5 mainly by a d s o r p t i o n  without 

s i g n i f i c a n t  a i n e r a l i z a t i o n  (Table  1) .  Thus, u n l e s s  t h e  b a c t e r i a  

are growing r a p i d l y ,  t h e  colour-removing a b i l i t y  vill be l i m i t e d  

t o  t h e i r  a d s o r p t i v e  capac i ty .  Since pulp  and paper  m i l l  e f f l u e n t s  

are l o r  i n  n i t r o g e n ,  t h u s  p r w e n t i n g  r a p i d  growth,  one can p r e d i c t  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



8 

CT 

8 

100 

00 

to 

60 

50 

40 

30 

L 

10 

2o F 
0 1  I I I 1 I 

0 50 100 150 200 250 

lime (hours) 

100 

.o 

80 

70 

60 

50 

40 

30 

20 

10 

1 

1: -.. 1 
=-----.----- -= 

I I I I I 

0 SO 100 150 200 250 

Time (hours) 

FIGURE 2: Gel permeation chromatogram of C14-BKE before (dashed 
l i n e )  and a f ter  ( so l id  l i n e s )  treatment with ( a )  whitc- 
rot fungi and (b) bacteria. Symbols described i n  
Figure 1 .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



10 15 20 25 

Elution vohme (rd) 

lo00 

E 
P 

0 
f 

5. 

500 

10 15 20 2s 

FIGURE 3: Removal of colour (dashed l ines)  and 14C (solid 
lineat) from molutlon by (a) white-rot fungi and (b) 
bacteria, at i n i t i a l  biomass loading of 2 mg/mL. 
Symbols described In Figure 1. 
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62 BOURBONNALS AND PAICE 

t h a t  sus t a ined  co lou r  removal w i l l  not be poss ib l e  without high 

n u t r i e n t  add i t ion ,  and t h i s  was found t o  be t h e  case  in i n d u s t r i a l  

t r ia ls  16. 

All t h r e e  b a c t e r i a  produced spell q u a n t i t i e s  of a low molec- 

u l a r  ve ight  l k - l a b e l l e d  metabol i te  (F igure  2b) which, on t h e  

b a s i s  of v o l a t i l i t y  and r e t e n t i o n  time on g e l  permeation, appears 

t o  be methanol. Thus, t h e  b a c t e r i a  may be capable of l imi t ed  

d m t h y l a t i o n  or demethoxylation. The fungi produced both 

l4C02 and low molecular m i g h t  r ad io l abe l l ed  metabol i tes .  

S u n d u n  et a d 7  have a l ready  shown t h a t  d e c o l o r i r a t i o n  by 2. 
chrysosporium is due t o  a combination of d e s t r u c t i o n  of chromo- 

phorcs i n  t h e  polymer and decomposition of t h e  polymer t o  l o r  

l o l a c u l a r ~ i g h t  products. Our observa t ion  of 14C02 produc- 

t i o n  by fung i ,  and l ack  of production by b a c t e r i a ,  is i n  agreement 

with t h a t  of Eriksson14. tlovTver, t h e  major pathway t o  co lour  

removal by 5. v e r s i c o l o r  and p. sa jo r - ca ju  does not involve d n e r -  

a l i z a t i o n  (Table 1 and Figure 3a). For 5. ver s i co lo r .  t h e  major- 

i t y  of label remains in so lu t ion  even when 75% of t h e  co lour  is 

removed (F igure  3a). The l 6 C  d i s t r i b u t i o n  f o r  1. sajor-aju 

Is d i f f e r e n t .  More of t h e  label is found t o  be cell bound than  i n  
C. v e r s i c o l o r .  However, r e l a t i v e  t o  t h e  b a c t e r i a ,  much less of 
t he  cell-bound material can be washed o f f  wi th  NaOW. 
- 

M n e r a l i z a t i o n  of high molecular ve ight  ch lo r ina t ed  l i g n i n  by 

- C. v e r s i c o l o r  is e t i n u l a t c d  by glucose (F igure  1). This is  i n  

agrecscnt with t h e  proposal t h a t  t h i s  fungus removes co lour ,  at 

least i n  part, through hydrogen peroxide production from glucose  

olddasc8. 1. chrysosporium alro r e q u i r e s  a r e a d i l y  metabolir- 

a b l e  carbon source for deco lo r i za t ion  of BKE3, and glucose addi- 

t i o n  also stilulates l i g n i n o l y t i c  a c t i v i t y  ( l4C02 production 

from 14CDHP) i n  nitrogen-limited cu l tu re s18 ,  poss lb ly  

through t h e  . w d i a t i o u  of glucose oltidase19. 

The au tho r s  wish t o  thank P. Lafortune f o r  exce l l en t  techni- 

cal assistance and t h e  Labora to i rc  de  S e n t i  Publiquc de Qdbec  f o r  
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i d e n t i f i c 8 t i o n  of BaciIlus cerecu and Pwudmn8a aeruginoaa SR13. 
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