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ABSTRACT 

Culture parameters influencing metabolism of syn the t i c  

14c-labeled l i g n i n  model compounds t o  14c0 i n  defined media by the  
2 

fungi ,  Polyporus ve r s ico lo r  and Phanerochaete chrysosporium, were 

examined. Model compound metabolism w a s  oxygen-dependent. Agi ta t ion  

of t h e  cu l tu res ,  r e s u l t i n g  i n  formation of mycelial  p e l l e t s ,  suppressed 

14c02 evolution by - P. chrysosporium, t o  a g r e a t e r  extent  than by 

P. - vers ico lo r .  The concentrat ion of n u t r i e n t  n i t rogen was c r i t i c a l ;  

14c0 evolution was re tarded a t  12 mM ammonium t a r t r a t e  r e l a t i v e  t o  
2 

1.2 mM ammonium t a r t r a t e .  Cultures evolved more 14c0 when grown on 
2 

xylose than on e i t h e r  glucose o r  g lycerol .  I n i t i a l  glucose a t  0.1% 

concentrat ion was s i g n i f i c a n t l y  l e s s  support ive of growth and 14c02 

evolution than c u l t u r e s  with 0.5-1.0% glucose. Studies  with cycloheximide, 

a  p ro te in  syn thes i s  i n h i b i t o r ,  demonstrated t h a t  the  l i g n i n  model compound 

degrading enzyme system was c o n s t i t u t i v e .  4-Methoxyl-[ 14cl v e r a t r y l  alcohol 

was found t o  be a ca tabo l i c  product i n  t h e  metabolism of 4-methoxyl-[ 14c] 

veratrylglycerol-8-guaiacyl e the r  and 4-methoxyl-[ 14c] v e r a t r i c  ac id  t o  



INTRODUCTION 

Lignins a r e  complex three-dimensional polymers derived from 

phenylpropanoid precursors;  they comprise approximately one-third of 

the  polymeric m a t e r i a l  i n  woody p lan t s .  The na tu re  of the  s t r u c t u r e  of 

l i g n i n ,  heterogeneous with r e spec t  t o  monomeric u n i t s  and bond type, was 

not  e luc idated  u n t i l  t h e  1960's (1,2).  The following schematic formula 

shows t h e  major intermonomer l inkages  i n  con i fe r  l i g n i n .  

Knowledge of t h e  f a c t o r s  influencing l i g n i n  biodegradation is  

necessary i n  order  t o  understand wood decay, t h e  formation of humic sub- 

s tances  and t o  explore t h e  p o t e n t i a l  f o r  u t i l i z i n g  l i g n i n  degrading organ- 

i s m s  o r  enzymes i n  l ignoce l lu lose  bioconversion processes ( 3 ) .  



Only a l imi ted  number of organisms, p r i n c i p a l l y  basidiomycete 

fungi ,  have been found t o  cause extens ive  degradation of l i g n i n  i n  woody 

p l a n t s  ( 3 ) .  Although t h e  i n i t i a l  l i g n i n  depolymerization s t e p s  a r e  not  

understood, s e v e r a l  poss ib le  pathways have been advanced ( 4 , 5 ) :  a )  ea r ly  

cleavage e i t h e r  ox ida t ive  o r  hydrolyt ic ,  of a lkyl -aryl  e t h e r  bonds, re-  

l eas ing  p r i n c i p a l l y  monomeric phenolic  fragments, v i z . ,  

CHOH 

and b) e a r l y  cleavage of aromatic groups i n  the  polymer, followed by a 

s e r i e s  of degradative r eac t ions  r e l eas ing  va r ious  one t o  s i x  carbon frag- 

ments, v iz . ,  

DEMETHYLATION (kocH3 ' > O2 > 6 OOH 
OCH, AH\ C O O H  



With e i t h e r  pathway l i g n i n  breakdown would probably y ie ld  a 

l a r g e  v a r i e t y  of fragments, each i n  low concentrat ion and the re fo re  d i f -  

f i c u l t  t o  separa te  and character ize .  For t h i s  reason simple chemically 

defined 14c-labeled l i g n i n  models [ 101 , [ 111 , [ 131 and [ 141 were used a s  

a l t e r n a t i v e  s u b s t r a t e s  t o  help de l inea te  t h e  pathway(s) by which fungi  

metabolize l i g n i n  (6,7). 

A review of e a r l i e r  work on both guaiacylglycerol-6-guaiacyl 

e t h e r  and i t s  v e r a t r y l  analog with microoganisms o r  t h e i r  enzymes has not  

provided strong evidence f o r  any one pathway by which these  compounds a r e  

metabolized (8-12). 

Previous workers have used t h e  i s o l a t i o n  and charac te r i za t ion  of 

ca tabo l i c  products from c u l t u r e s  of these  l i g n i n  degrading organisms t o  

help d e l i n e a t e  t h e  metabolic pathways and t h e  enzymes which a r e  involved. 

Using t h i s  approach, Kirk -- e t  a l .  (13) was ab le  t o  demonstrate alkylphenol 

carbon-to-carbon bond cleavage i n  syringlyglycol-f3-guaiacyl e the r  and 

a-guaiaoxyacetosyringone. Fukuzumi -- e t  a l .  (10) , and Crawf ord e t  a 1  . (12) 

were a b l e  t o  demonstrate aryl -a lkyl  e the r  bond cleavage i n  vera t ry lglycerol -  

$-guaiacyl e t h e r  by fungi  and b a c t e r i a  respect ively .  

I n  t h e  present  study severa l  compounds were synthesized f o r  

use i n  the  e luc ida t ion  of the  n u t r i t i o n a l  and environmental f a c t o r s  t h a t  

inf luence  t h e  biodegradation of l i g n i n  models, as wel l  a s  t o  e luc ida te  

t h e  metabolic s t e p s  involved i n  the  degradation of some B-arylether com- 

pounds . 
The compounds whose syntheses a r e  f i r s t  described a r e  s u b s t r a t e s  

f o r  t h e  f luor imet r i c  assay of f3-etherases (Scheme I). Guaiacylglycerol- 

6-guaiacyl e the r  and o the r  r e l a t e d  dimeric compounds 14c-labeled a t  



specific positions in the ring, side chain and 4-methoxyl position were 

also synthesized (Scheme 11). Metabolic studies on these compounds were 

undertaken using two white-rot fungi, Phanerochaete chrysosporium and 

Polyporus versicolor . 



Scheme I 
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MATERIALS and METHODS 

Instrumentat ion 

$ NMR spec t ra  were determined with a Varian HA-100 spectro- 

meter; chemical s h i f t s  a r e  expressed a s  p a r t s  per m i l l i o n  (6) downfield 

from an i n t e r n a l  standard of te t ramethyls i lane .  Mass spec t ra  were ob- 

tained on a CEC DuPont Model 21-llOB spectrometer operated a t  70 eV i n  t h e  

d i r e c t  i n l e t  mode. U l t r a v i o l e t  spec t ra  were run on a Cary 15 spectrometer, 

using 1 crn path length quar tz  c e l l s .  Gas chromatographic analyses were 

performed on a Varian s e r i e s  1700 programable chromatograph. High pressure  

l i q u i d  chromatographic analyses were performed on a Waters Associates 

high pressure  l i q u i d  chromatograph, M-440 absorbance de tec to r ,  M-6000 A 

pump, M-U6K i n j e c t o r  . Trapped 14c0 was counted on a Bechan  LS-3133P 
2 

l i q u i d  s c i n t i l l a t i o n  counter. Melting points  were determined on a Kofler 

hot  s t age  microscope and a r e  uncorrected. Elemental analyses were per- 

formed a t  the  Department of Chemistry, Universi ty of Oregon, Eugene, Oregon. 

Chemicals 

A l l  chemicals were reagent grade, and were used a s  purchased 

except 6-methylumbelliferone; r e c r y s t a l l i z e d  once from dioxane:water (1:1), 

and anhydrous potassium carbonate; oven d r ied  a t  1 2 0 ' ~  f o r  24 h r s .  A l l  

solvents; acetone, benzene, chloroform, e t h y l  a c e t a t e  and methanol were 

f u r t h e r  pur i f i ed  according t o  Vogel (14). A l l  gases were purchased from 

Airweld Inc . ,  Port land,  Oregon. 



Syntheses 

Synthesis  of guaiacylglycol  and glycerol-B-0-(6-methylumbel- 

l i f  e r y l )  e t h e r s  (Scheme I) . 

A so lu t ion  of 0-benzyl-a-bromoacetovanillone 2.0 g (6.0 mmol.) 

prepared a s  described by Leopold (15), 8-methylumbelliferone 1.1 g (6.1 m o l . )  

and anhydrous potassium carbonate 1 .5  g (11.0 mmol.) i n  dry acetone (100 mL) 

was heated under r e f l u x  f o r  th ree  h r s .  Water (200 mL) was added t o  t h e  

reac t ion  and the  mixture was ext rac ted  with chloroform (3 x 50 mL). The 

combined e x t r a c t s  were d r i ed  over sodium s u l f a t e ,  f i l t e r e d  and then evapor- 

a t ed  under reduced pressure.  The r e s u l t i n g  crude product was rec rys ta l -  

l i z e d  from e t h y l  acetate-chloroform, t o  y ie ld  2.1 g (80%) of [ l ]  : m.p. 

139-140°C; 'H NMR (acetone-d ) 6 6.90-7.80 (aromatic, 11 H) , 6.10 (s, 2 H) , 
6 

5.58 ( s ,  2 H),  5.24 ( s ,  2 H I ,  3.89 ( s ,  3 H), 2-41 ( s ,  3 H). 

Anal. Calcd. f o r  C26H2206: C,  72.58; H, 5.11. Found: C ,  72.20; 

H, 5.05. 

A so lu t ion  of [ l ]  5.9 g (3.7 mmol.), anhydrous potassium carbonate 

55.3 mg (0.4 mmol.) and a dry formaldehyde-ethyl a c e t a t e  mixture (30 mL) 

obtained by ex t rac t ion  of aqueous formaldehyde (10 mL, 37%) with e t h y l  

a c e t a t e  ( 3  x 50 rnL) i n  dry e thy l  a c e t a t e  (15 mL) w a s  gen t ly  heated under 

0 

re f lux  f o r  f i v e  min. and subsequently s t i r r e d  a t  25 C f o r  f i v e  h r s .  Water 

(50 mL) was added t o  t h e  reac t ion  and the  mixture was ext rac ted  with chloro- 

form:ethyl a c e t a t e  (1 : l ;  3 x 50 mL). The combined e x t r a c t s  were dr ied  



over  sodium s u l f a t e ,  f i l t e r e d  and then  evaporated under reduced p re s su re .  

The r e s u l t i n g  product  was r e c r y s t a l l i z e d  from benzene-chloroform-ethyl 

a c e t a t e  t o  y i e l d  1.4 g (82%) of [ 21 : m.p. 164-165"~;  h NMR (acetone-d ) 
6 

6 6.90-8.00 (aromatic ,  l l H ) ,  6.79 ( t ,  l H ) ,  6.10 ( s ,  l H ) ,  5.14 ( s ,  2 H ) ,  

4.15 (d, 2 H), 3.81 ( s ,  3 H), 2.32 ( s ,  3 H).  

Anal. Calcd. f o r  C H 0 H 0: C,  67.81; H, 5.44. Found: 
27 24 7 2 

C,  68.38; H, 5.30. 

a-0- (6-methylumbellif e r y l )  ace tovan i l l one  [ 31 and a-0- (B-methyl- 

umbellifery1)-B-(hydroxy)propriovanillone [ 41 

A s o l u t i o n  of e i t h e r  [ 11 2.0 g (4.6 m o l . )  o r  [ 21 2.0 g (4.5 m o l . )  

and Pd-Charcoal (100 mg, 10%) i n  95% e thano l  (25 mL) was shaken under 

hydrogen (35 p s i )  f o r  two h r s . ,  and then  f i l t e r e d  through c e l i t e .  Water 

(100 mL) was added t o  t h e  f i l t r a t e  and t h e  mixture  was e x t r a c t e d  w i t h  e t h y l  

a c e t a t e  (3 x 50 mL). The combined e x t r a c t s  were d r i e d  over sodium s u l f a t e ,  

f i l t e r e d  and then  evaporated under reduced p re s su re .  The r e s u l t i n g  c rude  

products  were r e c r y s t a l l i z e d  from benzene-ethyl a c e t a t e  t o  y i e l d  e i t h e r  

1 .6 g (95%) of [ 31 o r  1 .4  g (95%) of [ 41 . 
Compound [ 31 : m. p. 174-175 'C; 'H NMR (CDC~~-DMSO-~~) S 

6.70-7.50 (aromatic ,  6 H I ,  6.04 ( s ,  1 H I ,  5.30 ( s ,  2 H), 3 -84  ( s ,  3 H), 

+ 
2.33 ( s ,  3 H) ; m a s s  spectrum m/e 340 (M ) . 

Compound [ 41 : m.p. 189-190'C; h NMR (CDC~~-DMSO-~~) 6 

6.64-7.40 (aromatic ,  6 H), 6.00 ( s ,  1 H), 5.64 ( t ,  J = 4 Hz., 1 H), 

5.04 (br .  m. ,  1 H), 3.81 ( s ,  3 H), 3.34 (d,  J = 4 Hz., 2 H), 2 -30  ( s ,  3 H); 

+ 
mass spectrum m / e  370 (M ). 



Guaiacylglycol-$-0-(6-methylumbelliferyl) ether [ 5 ] and 

Guaiacylglycerol-B-0-(6-methylumbelliferyl) ether [ 6 1. 

A solution of either [ 3 12.0 g (5.9 mmol.) or [ 412.0 g 

(5.4 mmol.) and sodium borohydride 1.1 g (28 mmol.) in 95% ethanol (50 mL) 

was stirred at 4OC for ten hrs. Water (75 mL) was added to the reaction 

and the mixture was extracted with ch1oroform:ethyl acetate (1:l; 3 x 50 mL). 

The combined extracts were dried over sodium sulfate, filtered and then 

evaporated under reduced pressure. The crude products were recrystallized 

from carbon tetrachloride-ethyl acetate to yield either 1.6 g (85%) of [ 5 ] 

or 1.9 g (85%) of [ 6 1. 

Compound [ 5 1 : m.p. 157-158 'C; 'H NMR (CDC~~-DMSO-~~) S 

6.74-7.44 (aromatic, 6 H)y 6.00 (s, 1 H)y 4.93 (t, J = 6 Hz., 1 H), 

4.02 (d, J = 6 HZ., 2 H), 3.80 (s, 3 H), 2.30 (s, 3 HI; mass spectrum 

m/e 342 (M'). 

Anal. Calcd. for C H 0 C, 66.70; H, 5.26. Found: C, 19 18 6 

66.83; H, 5.03. 

Compound [ 6 ] : decomp. 74-76'C; 'H NMR (CDC13-DMSO-d6) S 

6.64-7.40 (aromatic, 6 HI, 6.00 ( s ,  1 H)y 4.80 (d, J = 6 Hz., 1 HIy 

4.40 (my J = 6 Hz., 2 H), 3.80 (d, J = 6 Hz*, 2 H), 3-74 (s, 3 H), 

+ 
2.28 (s, 3 H); mass spectrum m/e 372 (M ). 

Anal. Calcd. for C20H2007*2 H20 : C, 58.86; H, 5.88. Found: 

C, 58.98; H, 5.58. 



Syntheses of 14c-labeled Lignin Model Compounds (Scheme 11). 

0- benzyl+-0- (guaiacyl) acetovanil lone [ 7 ] 

A so lu t ion  of 0-benzyl+-bromoacetovanillone 2.0 g (6.0 mmol.) 

prepared a s  described by Leopold (15), guaiacol  0.76 g (6.1mmol.) and 

anhydrous potassium carbonate 1.5 g (11.0 mmol.) i n  dry acetone (100 mL) 

w a s  heated under r e f l u x  f o r  th ree  h r s .  Water (200 mL) was added t o  t h e  

reac t ion  and the  mixture was ext rac ted  with chloroform (3  x 50 mL). The 

combined e x t r a c t s  were dr ied  over sodium s u l f a t e ,  f i l t e r e d  and then evapo- 

ra ted  under reduced pressure.  The r e s u l t i n g  crude product was r e c r y s t a l -  

l i z e d  from e t h y l  acetate-chloroform t o  y i e l d  1.8 g (80%) of [ 7 ]: m.p. 

101-102' C, L i t .  m.p. 101-102°C (8a).  

0-benzyl-a-0- (guaiacyl) -H 14c I- (hydroxy) propriovanil lone [ 8 1 

A so lu t ion  of dry e t h y l  a c e t a t e  (15 mL), [7] 1.42 g (3.7 mmol.) 

anhydrous potassium carbonate 55.3 mg (0.4 mmol.) and a dry [ 14c ] form- 

aldehyde-ethyl a c e t a t e  mixture (30 mL) obtained by ex t rac t ion  of aqueous 

14 
formaldehyde (10 mL, 37%) with e t h y l  a c e t a t e  (3 x 50 mL) with 10 m C i  [ C ] 

formaldehyde (New England Nuclear; NEC-039) was gent ly  heated under re f lux  

f o r  f i v e  min. and subsequently s t i r r e d  a t  25OC f o r  f i v e  h r s .  Water (50 mL) 

was added t o  t h e  reac t ion  and the  mixture was ext rac ted  with chloroform: 

e t h y l  a c e t a t e  (1: l ;  3 x 50 mL). The combined e x t r a c t s  were dr ied  over 

sodium s u l f a t e ,  f i l t e r e d  and then evaporated under reduced pressure.  The 

r e s u l t i n g  crude product was r e c r y s t a l l i z e d  from ethanol  t o  y ie ld  1.24 g 

(82%) of [ 8  1; t h e  following da ta  was taken on unlabeled compound, m.p. 

8 5 - 8 6 ' ~ ~  L i t .  m.p. 85-86OC (8a); h NMR (CDC1 ) 6 6.80-7.74 (aromatic, 
3 



12 H), 5.40 ( t ,  J = 4 HZ.,  1 H), 5.20 (s, 2 H I ,  4-05 (d, J = 4 Hz*, 2 H I ,  

3.90 ( s ,  3 H) , 3.80 ( s ,  3 H I ,  2.28 (br .  s, 1 H) . 

a-0- (guaiacyl) -84 14c I- (hydroxy) propriovanil lone [ 9 1 

A so lu t ion  of [ 8 11.87 g (4.6 mmol.) and Pd-Charcoal (100 mg; 

10%) i n  95% ethanol  (25 mL) was shaken under hydrogen (35 p s i )  f o r  two hrs . ,  

then f i l t e r e d  through c e l i t e .  Water (100 mL) was added t o  t h e  f i l t r a t e  

and t h e  mixture was ext rac ted  with e t h y l  a c e t a t e  (3 x 50 mL). The combined 

e x t r a c t s  were dr ied  over sodium s u l f a t e ,  f i l t e r e d  and then evaporated under 

reduced pressure.  The r e s u l t i n g  crude product was r e c r y s t a l l i z e d  from 

ethanol-water t o  y i e l d  1.39 g (95%) o f [ 9 ] :  m.p. 88-8g°C, L i t .  m.p. 

88-89 "C (8a) . 

1 y-14~ 1 guaiacylglycerol-8-guaiacyl e t h e r  [ 10 ] 

A so lu t ion  of [ 9  11.87 g (5.9 mmol.) and sodium borohydride 1.1 g 

(28 mmol.) i n  95% ethanol  (50 mL) was s t i r r e d  a t  4OC f o r  t en  h r s .  Water 

(75 mL) was added t o  t h e  reac t ion  and t h e  mixture was ext rac ted  with chloro- 

form :e thy l  a c e t a t e  (1:l;  3 x 50 mL). The combined e x t r a c t s  were d r i ed  

over sodium s u l f a t e ,  f i l t e r e d  and then evaporated under reduced pressure.  

+ 
The y ie ld  of [ l o ]  was 1.70 g (90%). Mass spectrum m/e 320 (M ). Specif ic  

4 
a c t i v i t y  was 7.3 x 10 cpmlmg. 

14 
guaiacylglycerol-8-[ C] guaiacyl  e t h e r  [ 111 

The syn the t i c  procedure f o r  [ l l ]  i s  e s s e n t i a l l y  t h e  same a s  t h a t  

described above f o r  [ 10 ] , with 25 pC [ 14c] guaiacol  (8b) being used i n  t h e  

4 
f i r s t  react ion.  The s p e c i f i c  a c t i v i t y  of [ l l  ]was 14 x 10 cpm/mg. 



a-0- ( g u a i a c ~ l )  -8- (hydroxy) p r o p r i a - 4 - m e t h o x l  14c 1 vera t rone [ 12 ] 

A so lu t ion  of [ 9 1 1.87 g (5.9 m o l . )  , potassium hydroxide 0.33 g 

(5.9 mmol.), de-acidif ied dimethylsulfate 0.74 g (5.9 mmol.) and 250 PC 

14 
[ C ld imethy l su l fa te  were heated under re f lux  f o r  th ree  hrs .  Potassium 

hydroxide (lM) i n  dry  methanol was added t o  t h e  reac t ion  t o  maintain t h e  

orange color .  Af ter  th ree  h r s .  water (250 mL) was added t o  the  reac t ion  

and the  mixture was ext rac ted  with e t h e r  (3 x 50 mL). The combined e x t r a c t s  

were d r i ed  over sodium s u l f a t e ,  f i l t e r e d  and evaporated under reduced pres- 

sure.  The product was r e c r y s t a l l i z e d  from methanol t o  y i e l d  1.59 g (80%) 

of [ 1 2  ] : m.p. 117-118°C; The following d a t a  were taken on unlabeled 

mate r i a l ;  $ NMR ( C D C ~ ~ )  6 6.82-7.84 (aromatic, 7 H) , 5.40 ( t ,  J = 4 Hz., 

l H ) ,  4.08 (d, J = 4 H z . ,  2 H ) ,  3.95 ( s ,  3 H ) ,  3.92 ( s ,  3 H ) ,  3.87 ( s ,  3 H ) ,  

+ 
3.28 (br  s, 1 H) ; mass spectrum of TMS der iva t ive  m/e 404 (M ) . 

4-methoxyl-( 14c ] veratrylglycerol-8-guaiacyl e the r  [ 13 1 

A so lu t ion  of [ 1 2  11.59 g (4.8 mmol.) and sodium borohydride 1.1 g 

(28 mmol.) i n  95% ethanol  (50 mL) was s t i r r e d  a t  4' C f o r  t e n  h r s .  Water 

(75 mL) was added t o  t h e  reac t ion  and the  mixture w a s  ext rac ted  with chloro- 

form:ethyl a c e t a t e  (1:l;  3 x 50 mL). The combined e x t r a c t s  were dr ied  

over sodium s u l f a t e ,  f i l t e r e d  and then evaporated under reduced pressure.  

4 
The y i e l d  of [ 1 3  ]was 1.44 g (90%). Spec i f i c  a c t i v i t y  was 1 1 3 . 1 ~  10 cpm/mg. 

Veratrylglycerol-f3-[ 14c] guaiacyl  e the r  [ 14 ] 

The syn the t i c  procedure f o r  [ 1 4  ] i s  e s s e n t i a l l y  the  same a s  t h a t  

given f o r  [ l l  ] w i t h  t h e  addi t ion  of t h e  methylation reac t ion  from [ I 2  1 , 



The second g l a s s  tube extended one cm i n t o  t h e  f l a s k ,  and outs ide  was 

connected v i a  rubber tubing t o  a t h r e e  cm, 18-gauge, Luer-type needle. 

Clamps on t h e  rubber tubing allowed the  f l a s k  t o  be opened o r  closed. 

Flasks were f lushed wi th  100% 02, immediately following inocula t ion and 

pe r iod ica l ly  t h e r e a f t e r  ( see  below), a t  100-200 mL per min f o r  15  min. 

This procedure was found t o  remove a l l  evolved 14c02, which was then trap- 

ped by placing t h e  e x i t  needle i n  5 mL of ethanolamine-containing s c i n t i l -  

l a t i o n  f l u i d  (17). Studies demonstrated t h a t  14c02 trapping was 98% ef- 

f i c i e n t  . 
Cultures w e r e  incubated a t  e i t h e r  28OC o r  38OC, t h e  optimal 

growth temperature f o r  - P. ve r s ico lo r  and - P. chrysosporium respec t ive ly  (18). 

A l l  c u l t u r e s  were incubated without shaking un less  otherwise indicated .  

For a g i t a t e d  cu l tu res ,  f l a s k s  were shaken on a New Brunswick shaker (New 

Brunswick S c i e n t i f i c  Co., Inc.) operat ing at a speed of 125 rpm and de- 

14 
sc r ib ing  a 2.5 cm c i r c l e .  Two types of CO evolution assays were con- 

2 

ducted: A) Flasks containing 14c-labeled compounds w e r e  inoculated,  incu- 

bated, and purged with 0 every th ree  days f o r  approximately twenty days. 
2 

B) F lasks  containing only b a s a l  media were inoculated and incubated f o r  

s i x  days a f t e r  which 14c-labeled compounds were introduced, and subsequently 

f l a s k s  were purged approximately every e igh t  hrs .  f o r  two days. Data is  

presented a s  t h e  sum t o t a l  amount of 14c02 evolved i n  cpmlflask a s  a function 

of incubation time. 

Extrac t ion of Cultures and the  I s o l a t i o n  of Metabolic Products 

Metabolic products of 14C-labeled model compounds were ext rac ted  

from a c i d i f i e d  cu l tu res  with ch1oroform:acetone (1 : l ;  3 x 50 mL). Extrac ts  

were d r i ed  over sodium s u l f a t e ,  f i l t e r e d  and then evaporated under reduced 



pressure. The residue was dissolved in one-two mL methano1:acetone (1:l) 

for thin-layer or high pressure liquid chromatography. 

Thin-layer chromatography (TLC) was done on precoated silica gel 

plates (E. Merck Co., 60-F 254). Developing solvents used were as follows: 

A) benzene-dioxane-formic acid, (a, 56:16:28; b y  30:90:10; c, 90:25:4); 

B) benzene-acetone-methanol, (4:l:l) (19). High pressure liquid chroma- 

tography (HPLC) was done on a reverse phase 11-Bondapak C18 column (Waters 

Associates). Solvent systems used were as follows: C) methanol-water, 

(a, 6:4; by 3:7); D) acetonitrile-water (6:4). 

Thin-layer plates were examined for radioactivity using auto- 

radiography. Following TLC development, X-ray film (Kodak; NS-5T) was 

placed in contact with the plate for one to three days. Development of 

the exposed film revealed which areas of the plate possessed radiolabeled 

compounds. These spots were removed from the plate by scraping off the 

silica gel from the desired region of the plate and washing the radiolabeled 

material from the gel with methano1:acetone (1:l). Further purification, 

if possible, was achieved using HPLC. Directly following their recovery 

from the HPLC, ultraviolet spectra (200-400 nm) of the radiolabeled com- 

pounds were taken and compared with the spectra of standard compounds. 

Gas chromatographic analyses were performed on a Varian chromatograph, 

with an OV-101 column using a temperature program of 100-300°C, 10°c/min. 



RESULTS 

Syntheses and Properties of Lignin Model Compounds 

The synthesis of guaiacylglycol and glycerol-B-0-(6-methylumbel- 

liferyl) ether [ 51 and [ 61 presented no special problems. Yields of 77 

and 65% were obtained for [ 5 1 , [ 61 respectively. Elemental analysis of 

the final products confirmed their expected C and H composition. Compound 

[6] existed as the dihydrate, and decomposed at 74-76''~. Compound [ 5 1 

melted at 157-158OC. Both compounds fluoresce only slightly when excited 

under a mineral lamp, (A= 256 and 356 nm), as compared with B-methylumbel- 

liferone. Preliminary evidence by Gold (20) indicated that these compounds 

can be used as useful substrates for assaying bacterial catabolism of aryl- 

glycerol and glycol-B-aryl ethers. 

14 [ y-14~] guaiacylglycerol-8-guaiacyl ether [ 101 , 4-methoxyl-[ C] 

veratrylglycerol-B-guaiacyl ether [ 131 , guaiacylglycerol-6-[ 14cl guaiacyl 

ether [ 111 and veratrylglycerol-B-[ 14c] guaiacyl ether [ 141 were prepared 

in overall yields of 56, 45, 56 and 45% from [ 14c] formaldehyde, [ 14c] di- 

methylsulf ate and [ 14c] guaiacol respectively. The specific activities 

4 4 
of compounds [ 101 , [ 131 , [ 111 and [ 141 were 7.3 x 10 , 113.1 x 10 , 14 x 10 4 

4 and 8.3 x 10 cpmlmg respectively. 

Effects of Oxygen and Nitrogen on the Decomposition of [ y-14~l 
14 

guaiacylglycerol-B-guaiaxyl ether [ 101 and 4-methoxyl4 C] veratrylglycerol- 
14 B-guaiacyl ether [ 131 to COZL 

Because lignin degradation has been shown to be an oxidative 



process (Hackett e t  a l . ,  1977; Kirk and Chang, 1975; Gold e t  a l . ,  1978) 

model compound metabolism a s  a funct ion of 0 o r  N i n  t h e  f l a s k  was examined. 
2 2 

The decomposition of [ y-14~ guaiacylglycerol-6-guaiacyl e the r  [ 10 ] and 

4-methoxylfl 14c peratrylglycerol-8-guaiacyl e the r  [ 13 1 t o  14c02, following 

t h e i r  addi t ion  t o  six-day-old c u l t u r e s  maintained i n i t i a l l y  under 100% 02, 

but maintained a f t e r  t h e i r  addi t ion  under e i t h e r  100% 0 o r  100% N2, is  
2 

shown i n  Table 1. Assay method B w a s  used. The evolution of 14c0 was 
2 

measured every e igh t  h r s . ,  and was observed only i n  those c u l t u r e s  maintined 

e n t i r e l y  under 0 with no s i g n i f i c a n t  14c0 detected f rom the  N 2  cu l tu res .  
2' 2 

Ef fec t  of Culture Agi ta t ion  on Decomposition of y-14c kuaiacyl-  

glycerol-8-guaiacyl e the r  [ 10 1 t o  14coF 

14c-labeled l i g n i n s  have been shown t o  be degraded t o  varying 

degrees depending upon c u l t u r e  a g i t a t i o n   irk e t  a l . ,  16); model com- 

pound metabolism a s  a funct ion of c u l t u r e  a g i t a t i o n  was therefore  examined. 

The degradation of [ y-14~ guaiacylglycerol-8-guaiacyl e the r  [ 10 ] and 4- 

methoxylj  1 4 C  peratrylglycerol-8-guaiacyl e t h e r  [ 13 1 t o  14c02 i n  cu l tu res  

maintained from t h e  time of inocula t ion e i t h e r  on a r o t a r y  shaker (150 rpm; 

2.5 cm amplitude), o r  as non-agitated ( s t a t ionary)  c u l t u r e s  is  shown i n  

Table 2. Assay method A was used. 14c0 evolution was measured every t h r e e  2 

days over a twenty day period. Agitated cu l tu res  containing - P. chrysosporium 

showed suppressed 14c0 evolution,  compared t o  non-ag f t a t e d  cu l tu res .  I n  2 

p a r a l l e l  experiments with - P. ve r s ico lo r ,  no such suppression of 14c0 was 2 

observed i n  a g i t a t e d  cu l tu res .  Cultures t h a t  were a g i t a t e d  a l l  formed two- 

t o  three-mm mycelial  p e l l e t s ,  while non-agitated cu l tu res  formed mycelial  

mats. 



?able 1 

14 
Effect of O2 vs  N2 Atmosphere on Production of C02 

from 14c-labeled Lignin Model Compounds 

by P, chrysosporium a 

Model Compound Hours a f t e r  Addition of 

Labeled Compound 

4-methoxy4 14c 1 veratrylglycerol-8-guaiacyl ether 

14 [ Y- C] guaiacylglycerol-8 -guaiacyl ether 

a) Stationary cultures containing 1.2 mM ammonium ta r t r a t e .  The values i n  the table  

represent the  sum t o t a l  amount of 14c02 c p  trapped. Assay method B was used. 



Table 2 

Effect  of Culture Agitat ion on Decomposition of 

14C-labeled Lignin Model Compounds t o  14~02.a 

Fungus Model Compound Culture Age 

Sta.  Agit. Sta. Agit. Sta.  Agit. 
P. vers icolor  - 

14 [ Y- C] guaiacylglycerol-8 -guaiacyl e the r  1362 757 1490 990 2040 153C 

P. chrysosporium - 
14 [ Y- C] guaiacylglycerold-guaiacyl e the r  4266 115 7033 280 9400 48C 

4-methoxyl4 1 4 C  1 veratrylglycerol-8-guaiacyl e the r  2062 175 3100 569 4125 l l O C  

a )  Medium contained 1.2 mM ammonium t a r t r a t e .  The values in the t ab l e  represent  the  

sum t o t a l  amount of 14C0 cpm trapped. h a e y  method A was used. 2 



Decomposition of 14c-labeled Lignin Model Compounds t o  14coE 

The degradation of [ y-14c kuaiacylglycerol-8-guaiacyl e t h e r  [ 10 1, 

4-methoxyl-( 14c peratrylglycerol-8-guaiacyl e t h e r  [ 13 1, guaiacylglycerol-  

f3-f 14c gua iacy l  e t h e r  [ 11 I, and veratrylglycerol-f3{ 14c kua iacy l  e t h e r  [ 14 ] 

t o  14c0 by P. chrysosporium i s  depicted i n  Figure 1. Assay method A was 
2 - 

used. A t h r e e  day l a g  period preceded any de tec tab le  14c02, a f t e r  which 

experiments with each compound showed e s s e n t i a l l y  the  same i n i t i a l  r a t e  of 

14c0 evolut ion,  even though the  two r ing-labeled compounds were inoculated 2 
4 wi th  1/2 t h e  normal amounts; 2.5 x 10 cpm/flask. The degradation of [ y -  

14c Buaiacylglycerol-6-guaiacyl e t h e r  [ 10 ] and 4-rnethoxylq 14c k e r a t r y l -  

glycerol-8- guaiacyl  e t h e r  [ 13 ] t o  14c0 by P. v e r s i c o l o r  is  depicted i n  
2 - 

Figure 2. 14c0 evolut ion was measured d a i l y .  A one day l a g  period pre- 
2 

ceded any de tec tab le  14c02, a f t e r  which a l l  c u l t u r e s  re leased considerable 

amounts of 14c02 from a l l  of t h e  14c-labeled compounds. The s p e c i f i c  

a c t i v i t i e s  of [ y-14c kuaiacylglycerol-B-guaiacyl e the r  [ 10 L 4-methoxyl- 

14 
[ C peratrylglycerol-6-guaiacyl e t h e r  [ 13 & guaiacylglycerol-b-( 14c kuaiac- 

4 
y l  e t h e r  [ 11 ] and veratrylglycerol-f3-l 14c kua iacy l  e t h e r  [ 14 1 were 7 - 3  x 10 , 

4 4 4 
113.1 x 10 , 14.0 x 10 and 8.3 x 10 cpm/mg respec t ive ly .  

Decomposition of 14c-labeled Lignin Model Compounds t o  14c02 i n  

Cul tures  Containing I n i t i a l l y  12 o r  1.2 mM Ammonium T a r t r a t e  Concentrations 

The r e l a t i o n s h i p s  between the  i n i t i a l  ammonium t a r t r a t e  concen- 

14 
t r a t i o n  i n  the  c u l t u r e s  and t h e  i n i t i a l  r a t e s  of decomposition of [ y -  C ] 

guaiacylglycerol-f3-guaiacyl e t h e r  [ 10 l, 4-methoxyl-( 14c kera t ry lg lyce ro l -  

6-guaiacyl e t h e r  [ 13 I, guaiacylglycerol-f3+ 14c hua iacy l  e t h e r  11 l, 



0  1 2 3  4  5  6 7 8  9 1 0 1 1 1 2 1 3 1 4 1 5  
TIME (DAYS) 

Figure 1 .  Degradation of 14c-labeled l ignin model ccapounds to  14c02 by 

P .  chrysosporium. Cultures contained i n i t i a l l y  1 .2  mM ammonium tartrate. - 
Assay method A was used. , [ y - 1 4 ~  ] guaiacylglycerol-@-guaiacyl ether h01 ; 

, 4-methoxy1-I 14c ] veratrylglycerol-0-guaiacyl ether B3] ; . , guaiacyl- 

glycerol-@-( 14c ] guaiacyl ether Dl] ; 0 , veratrylgl~cerol-@-[ 14c 1 guaiacyl 

ether P4] . Growth, mycelium dry wt., . 



Figure 2 
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14 Figure 2. The degradation of 14c-labeled lignin model capounds to C02 by 

P. versicolor. Cultures contained initially 1.2 mM ammonium tartrate. Assay - 
method A was used. , [ y-14~ ] guaiacylglycerol-B-guaiacjl ether PO] ; 0 , 
4-methoxyl-[ 14c ] veratrylglycerol-B-guaiacyl ether D3] . 



ve ra t ry lg lyce ro l -83  14c Bua iacy l  e t h e r  [ 14 1 t o  14c02 by - P. chrysosporium 

a r e  shown i n  F igure  3,  A-D r e s p e c t i v e l y .  A l l  c u l t u r e s  were incubated f o r  

s i x  days p r i o r  t o  t h e  a d d i t i o n  of 14c-labeled m a t e r i a l s .  Assay method B 

w a s  used. Those c u l t u r e s  which i n i t i a l l y  contained 1 .2  mM ammonium t a r t r a t e  

14 and e i t h e r  [ y-14c ] guaiacylglycerol-8-guaiacyl e t h e r  [ 10 1, 4-methoxyl-f C ] 

veratrylglycerol-8-guaiacyl e t h e r  [ 1 3  1, guaiacylglycerol-8-l  14c Jguaiacyl 

e t h e r  [ 11 1, veratrylglycerol-f3-f 14c ] gua iacy l  e t h e r  [ 14 ] were found t o  

evolve 14c0 wi th  i n i t i a l  r a t e s  of 18, 4.4, 2.2 o r  2.0 t imes g r e a t e r  than  
2 

d i d  c u l t u r e s  conta in ing  t h e  same 14c-labeled m a t e r i a l s  and 12 mM ammonium 

t a r t r a t e .  

C o n s t i t u t i v e  Nature of L i g n i n o l y t i c  A c t i v i t y  

Experiments were conducted t o  examine t h e  a c t i v i t y  of c u l t u r e s  

14 t r e a t e d  wi th  t h e  p r o t e i n  s y n t h e s i s  i n h i b i t o r  cycloheximide. [ y -  C Igua iac -  

ylglycerol-f3-guaiacyl e t h e r  [ l o  ]was  added t o  six-day-old c u l t u r e s  of 

P. chrysosporium. Previous  a d d i t i o n  of cycloheximide on day 4 prevented - 

subsequent evo lu t ion  of 14c02. When added on t h e  s i x t h  day, t h e  i n h i b i t o r  

appeared t o  have no e f f e c t  on 14c0 evo lu t ion  during t h e  f i r s t  24 h r s . ,  b u t  
2 

l a t e r  a c t i v i t y  w a s  a f f e c t e d .  Th i s  i n d i c a t e s  t h a t  t h e  model compound deg- 

r a d a t i o n  a c t i v i t y  appears  between t h e  f o u r t h  and s i x t h  day, and i n  t h e  

absence of t h e  s u b s t r a t e  compound ( see  F igu re  4 ) .  

E f f e c t  of Various Growth S u b s t r a t e s  on t h e  Decomposition of 

J y-14c 1 guaiacylglycerol-8-guaiacyl e t h e r  [ 10 1 t o  14c02: 

Media conta in ing  1.0% of e i t h e r  g lucose ,  xy lose ,  o r  g l y c e r o l  

were inocu la t ed  w i t h  [ y-14c 1 guaiacylglycerol-8-guaiacyl e t h e r  [ 10  ] and 



Figure 3*. Decomposition of [ y-14c 1 guaiaeylglycerol-bguaiacyl ether 1 101 , to 
14c02 by 5 chryoosporium. Cultures contained initially 1.2 or 12 mM ammonium 

tartrate. Assay method B was used. , 1.2 mM anrmonium tartrate; 0 , 12 mM am- 

monium tartrate. 



Figure 3,., 

Figure 3 Decomposition of 4-methoxyl~ 14c 1 ~eratr~lglycerol- bguaiacyl ether [ 131 B' 
to 14c02 by chrysosporium. Cultures contained initially 1.2 or 12 mM ammonium 

tartrate. Assay method B was used. , 1.2 mM ammonium tartrate; 0 , 12 mM am- 
monium tartrate. 



Figure 3C 

Figure 3C. Decomposition of guaiacylglycerol-&[ 14c lguaiacyl ether [ 111, to 
- ,  
14 
C02 by P, chrysosporium. Cultures contained initially 1.2 or 12 mM ammonium 

tartrate. Assay method B was used. , 1.2 mM ammonium tartrate; 0 , 12 mM am- 

monium tartrate. 



14 
Figure 3D. Decomposition of veratrylglycerol-b[ C Iguaiacyl ether [ 141, to 

14c02 by P. chrysosporium. Cultures contained initially 1.2 or 12 mM ammonium 

tartrate. Assay method B was used. , 1.2 mM ammonium tartrate; 0 ,  12 mM em- 
monium.tartrate. 



Figure 4 

Figure 4. Effect of cycloheximide on the decomposition of [ y-14c ] guaiacylglycerol- 

8-guaiaeyl ether [ 101, to 14c02 by chrysos~orium. Cultures contained initially 

1.2 mM ammonium tartarte. Assay method B was used. , no cycloheximide; a , cyclo- 
hexhide addition at four days; A ,  cycloheximide addition at seven days. 



P. chrysosporium, and 14c0 evolut ion was measured every th ree  days (as- - 2 

say method A). Cul tures  containing xylose  evolved more 14c02 than did 

e i t h e r  glucose o r  g l y c e r o l  c u l t u r e s  (see Figure 5).  

Ef fec t  of Glucose Concentration on the  Decomposition of [ y-14c ] 

guaiacylglycerol-8-guaiacyl e t h e r  [ 10 1 t o  14c02_ 

Cul tures  of P. chrysosporium containing 0.01, 0.1, 0.5 o r  1.0% - 
i n i t i a l  glucose l e v e l s ,  were inoculated wi th  [ y-14~ ~ua iacy lg lyce ro l -8 -  

guaiacyl  e t h e r  [ 1 0 1 t o  determine what e f f e c t  i n i t i a l  c u l t u r e  glucose l e v e l s  

had on t h e  decomposition of t h e  14c-labeled l i g n i n  model compound t o  14 co2. 

I n  c u l t u r e s  containing less than 0.1% i n i t i a l  glucose s i g n i f i c a n t l y  lower 

y i e l d s  of evolved 14c02 were seen (see  Table 3 ) .  Assay method A was used. 

Inh ib i to ry  Ef fec t  of Unlabeled Vera t r i c  Acid o r  Unlabeled V e r -  

a t r y l  Alcohol on t h e  Decomposition of 4-methoxy-( I4c hreratrylglycerol-8- 

guaiacyl  e t h e r  1 13 1 t o  14coE 

The degradation of 4-methoxylfl 14c peratrylglycerol-0-guaiacyl 

e t h e r  [ 1 3  1 t o  14c0 i n  c u l t u r e s  of P. chrysosporium was followed before  
2 - 

and a f t e r  add i t ion  of unlabeled v e r a t r i c  ac id  o r  unTabeled v e r a t r y l  a lcohol  

(see  Figure  6) .  Cul tures  containing 4-methoxyl~ 14c peratrylglycerol-B- 

guaiacyl  e t h e r  [ 1 3  ]and  P. chrysosporium were incubated f o r  n ine  days p r i o r  - 
t o  t h e  add i t ion  of v e r a t r i c  ac id  (0.1 o r  1.0%) o r  v e r a t r y l  a lcohol  (1.0%). 

Assay method A was used. Following t h e  second addi t ion ,  an i n h i b i t i o n  of 

14c0 evolut ion was observed. The e f f e c t s  of t h e  addi t ion ,  however, were 
2 

not  observed u n t i l  a f t e r  an a d d i t i o n a l  six days had passed. P a r a l l e l  exper- 

iments with unlabeled g l y c o l i c  ac id  (0.1%) o r  g lyce ro l  (1.0%) showed no 

i n h i b i t i o n .  



Figure 5 
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Figure 5. Decomposition of b-14~ 1 guaiacylglycerol-8-guaiacyl ether [ 1q to 14 C02 
by P, chrysosporium. Each culture contained initially 1.2 mM ammonium tartrate, 

and 1% of each carbon source. Assay method A was used. i, glucose; m ,xylose; 
A , glycerol. Growth, mycelium dry vt., 0 , glucose; 3 ,xylose; A ,glycerol. 



Effect of Glucose Concentration on the Decomposition of 

14 
T- g w i a c y l g l y c e r o l ~  -guaiacyl ether to 14c02. a 

Fungus In i t ia l  % Glucose Culture Age 

in Cultures 

P, chrysosporium 

P .  versicolor - 

a) Medium contained 1.2 mM ammonium tartrate. The values in the table represent 

the eum total  amount of 14c02 cpm trapped. Assay method A was used. 



TIME (DAYS) 

Figure 6. Inhibitory effect of unlabeled veratric acid and unlabeled veratryl 

alcohol on the decomposition of 4methoxgl-( 14c ] veratrylglycerol-6-guaiacyl 

ether 1131 to 14c02 by chrysosporim. At nine days, veratric acid (final con- 

centration 0.1% or 1%) or veratryl alcohol (final concentration 11) was added to 

the appropriate experimental flasks, while 50 PL DMP was added to the control. 

All cultures contained initially 1.2 mM ammonium tartrate. Assay method A was used. 

, control; 0 ,  1% veratric acid; A ,  0.1% veratric acid; 3 , 1% veratryl 
alcohol. 



I s o l a t i o n  of 4-methoxyld 14c keratlyl a lcohol  from Cul tures  of 

P . chrysosporium Inoculated with 4-methoxyl-[ 14c keratrylglycerol-8-guaiac- 
y l  e t h e r  [ 13 ] 

4-Methoxylfl 14c )leratrylglycerol-e-guaiacy l e t h e r  [ 131 was added 

t o  six-day-old c u l t u r e s  of - P. chrysosporium. Af te r  th ree  days the  c u l t u r e s  

were f i l t e r e d ,  and t h e  e x t r a c e l l u l a r  f l u i d  was ext rac ted  with organic sol-  

vents .  TLC of the  e x t r a c t  followed by autoradiography showed the  presence 

14 
of 14c-labeled m a t e r i a l  o the r  then t h e  4-methoxyl-( C] v e r a t r y l  compound, 

[ 1 3  1. Fur ther  p u r i f i c a t i o n  by high pressure  l i q u i d  chromatography (HPLC) 

revealed a s i n g l e  14c-labeled compound. The u l t r a v i o l e t  spectrum of t h i s  

compound was i d e n t i c a l  t o  t h e  spectrum of s tandard v e r a t r y l  alcohol ,  with 

Xmax. at 228,275 and 280 (sh.) nm (see Figure 7 ) .  Absorption maxima f o r  

t h e  4-methoxyl-( 14c p e r a t r y l  compound [ 13 ]were Xmax = 228 and 275 nm. 

Upon gas chromatographic a n a l y s i s  (100-300 C; 10  Clmin. program, on OV- 

101 column) t h e  i s o l a t e d  14c-labeled compound had t h e  same r e t e n t i o n  time 

a s  s tandard v e r a t r y l  alcohol .  Upon HPLC a n a l y s i s  ( Bondapak C18 column, 

methano1:water (6:4; 3:7)) ,  t he  14c-labeled compound had the  same r e t e n t i o n  

time a s  s tandard v e r a t r y l  alcohol .  The r e t e n t i o n  times f o r  4-methoxyl- 

14 
[ C peratrylglycerol-6-guaiacyl e t h e r  [13] were d i f f e r e n t  from those  

14 
observed f o r  v e r a t r y l  alcohol .  This  evidence s t rong ly  ind ica tes  t h a t  C- 

labeled  v e r a t r y l  a lcohol  i s  a product of 4-methoxy-( 14c pera t ry lg lyce ro l -  

6-guaiacyl e t h e r  1131 metabolism. 



Figure 7 

Figure 7. Ultraviolet absorption epectra of: a an authentic sample of veratryl 

alcohol; - B 14c-labeled material extracted and purified from cultures of 

P. chrysosporium incubated vith 4-tho--[ 14c ]veratrylglycerol-0-guaiacyl ether [ 1 3  ; - 
C 14c-labeled material extracted and purified from cultures of P, chrysosporium - 

14 incubated with 4-aethoxyl-( C Iveratric acid. 



Decomposition of 4-methoxyl4 l4c1 v e r a t r i c  ac id  t o  14c02 by 

P. chrysosporium, and t h e  I s o l a t i o n  of 4-methoxy1-I 14cl ~ e r a t r y l  a lcohol  

from t h e  Cul ture  Flu id  

4-methoxyd 14cl v e r a t r i c  ac id  was added t o  six-day-old c u l t u r e s  

of chrysosporium, and 14c0 evolut ion  was measured by assay method B 
2 

( f i g u r e  8 ) .  Af te r  an a d d i t i o n a l  t h r e e  days, t h e  c u l t u r e s  were f i l t e r e d  

and t h e  e x t r a c e l l u l a r  f l u i d  was ext rac ted  wi th  organic so lvents .  TLC of 

t h e  e x t r a c t ,  followed by autoradiography, shared the  presence of 14c-labeled 

14 
m a t e r i a l  o the r  than 4-methoxy-[ C l v e r a t r i c  ac id .  Fur ther  p u r i f i c a t i o n  

by HPLC revealed a s i n g l e  14c-labeled compound. The u l t r a v i o l e t  spectrum 

of t h i s  compound showed Xmax a t  228, 275 and 280 (sh.)  nm. This spectrum 

was i d e n t i c a l  t o  t h a t  of s tandard v e r a t r y l  a lcohol  (Figure 7), a s  w e r e  gas  

chromatographic and HPLC proper t i e s .  



Figure 8 

Figure 8. Decomposition of 4-methoxylfl 14c lveratric acid to 14m2 by chrgsosporium. 

Cultures contained i n i t i a l l y  12  mM annnonium tartrate. Assay method B was used. 



DISCUSSION 

Lignin biodegradation is not well understood. The sequence of 

the bond cleavage reactions and the enzymes involved have yet to be eluci- 

dated. 

The synthesis of 14c-labeled lignin model compounds as well as 

umbelliferone related substrates for use in the study of these degradative 

processes was described above. Previous studies of the biodegradation of 

lignin using both natural and laboratory synthesized 14c-labeled lignins 

have been reported (17,24). The studies described herein used lignin 

model compounds in order to simplify the metabolic products in these com- 

plex sequences. 

The proposed role of B-etherases in some known lignin degrading 

microorganisms (10, 12) suggested a need for a sensitive assay for B-ether- 

ases. With this in mind the synthesis of guaiacylglycerol-B-0-($-methyl- 

umbelliferyl) ether 161 and guaiacylglycol-6-0-(B-methylumbelliferyl) ether 

[5] was undertaken. Now, using these two compounds, investigations towards 

a) finding B-etherase activity in previously unscreened organisms, b) the 

selection of genetic mutants which have nonfunctional 6-etherases, and c) 

the characterization of B-etherases in cell free systems have begun. These 

two compounds may thus help shed light on the involvement of B-etherases in 

lignin biodegradation. 



Besides this possible role of B-etherases in lignin biodegradation, 

other factors involved in this degradative process need study. For this 

purpose 14c-labeled model compounds were synthesized and used as described 

above. 

The requirement for 0 and the effect of culture agitation on 
2 

lignin compound metabolism were the first parameters investigated. 14 
C02 

evolution was found to occur in cultures maintained under one atm. 
O2 ' 

but not one atm. N (Table 1). This suggests that 0 may play a role in 2 2 

the degradation process. In previous studies, using lignin in aerobic 

cultures of white-rot fungi, degradation of the lignin was shown to be 

largely oxidative (25). Whatever the specific requirement for oxygen, 

agitation, which is generally used to increase the rate of gas exchange 

between the atmosphere and culture media, was not always beneficial. For 

example, agitation severely inhibited 14c-labeled lignin model compound 

decomposition to 14c02 by - P. chrysospori~nn in aerobic cultures, as opposed 

to stationary incubation (16). A possible explanation for this is that in 

the continuously shaken cultures most of the lignin model compound bound 

to the hyphae (26) has become entrapped in the fungal pellets as they form. 

The 0 concentration within the pellets might have been so low (27) that 
2 

lignin model compound decomposition was prevented on all but the outer 

surface. This explanation does not, however, account for the fact that 

no such inhibition is seen in identically run experiments using - P. versicolor. 

A plausible explanation for this may be that cultures of P. versicolor con- 

tain a higher phenol oxidase content than do cultures of - P. chrysosporium 

(8, 13) (Table 21 . 



The second physiological parameter to be discussed is nutrient 

nitrogen concentration. Recent studies by Kirk et al., (28) in a system 

similar to that described above, reported the following sequence of events 

after inoculation: 0 to 24 hrs.: germination, linear growth, and deple- 

tion of nutrient nitrogen; 24 to 48 hrs.: cessation of linear growth and 

derepression of ammonium permease activity (demonstrating nitrogen starva- 

tion); 72 to 96 hrs.: appearance of ligninolytic activity (synthetic 

14 14c-labeled lignin 3 C02). In similar experiments reported here with 

P. chrysosporium ( assay method A) the appearance of detectable levels of - 
14c0 were observed only after the first 72 hrs. following inoculation 2 

(Figure I), thus suggesting a similar sequence of events. In identical 

experiments using cultures of & versicolor, 14c0 evolution began 48 hrs. 
2 

after inoculation (Figure 2). As stated above, the ligninolytic enzyme 

system is activated following germination, linear growth and depletion of 

nutrient nitrogen. Thus, the earlier onset of 14c0 evolution seen in 
2 

cultures of P. versicolor may be due to a faster growth rate, and a cor- - 
respondingly earlier nitrogen depletion. This result may also be related 

to phenol oxidase concentration, as mentioned above. 

One might expect, through consideration of the previous discus- 

sion, that experiments run using assay method B should show no delay in 

14c0 evolution. This expectation was realized only for cultures contain- 2 

ing initially 1.2 niM ammonium tartrate. Cultures containing initially 

12 mM ammonium tartrate required additional time to achieve starvation 

conditions, and ligninolytic enzyme system activation (Figure 3). 



These r e s u l t s  and those reported by Kirk et  a l . ,  (28) o f f e r  no 

explanation f o r  t h e  adverse e f f e c t  of high ni t rogen concentrat ion (12 mM) 

on t h e  l i g n i n  model compound's degradation t o  14 
C02. However th ree  con- 

t r i b u t i n g  f a c t o r s  can be postulated:  a )  high ni t rogen (12 mM) promotes 

rapid deple t ion of t h e  growth s u b s t r a t e s  known t o  be necessary f o r  l i g n i n  

metabolism (29), b) n i t rogen metabolism competes with l i g n i n  model compound 

metabolism thorugh requirements f o r  t h e  same cofac to r ( s ) ,  c )  n i t rogen reg- 

u l a t e s  the  synthes is  of one o r  more components of the  l i g n i n  model compound 

degrading system (30). 

The t h i r d  physiological  parameter t o  be  discussed i s  t h e  e f f e c t  

of d i f f e r e n t  carbon sources on t h e  degradation of t h e  14c-labeled l i g n i n  

model compounds t o  
14 

C02. In  t h e  experiments performed here xylose, a 

common wood sugar, and glycerol ,  an e a s i l y  metabolized three-carbon frag- 

ment, w e r e  each compared t o  glucose i n  t h e i r  a b i l i t y  t o  a c t  a s  t h e  s o l e  

carbon source. A l l  t h ree  were ab le  t o  serve  a s  energy sources (Figure 5) ,  

14 and a l l  t h r e e  were shown t o  support [ y -  C ]guaiacylglycerol-B-guaiacyl 

e the r  [ 101 decomposition t o  14c0 i n  c u l t u r e s  of P. chrysosporium. 
2 - 

The f i n a l  aspect  of these  s t u d i e s  t o  be discussed p e r t a i n s  t o  

t h e  charac te r i za t ion  of t h e  metabolic products i so la ted  from t h e  extra-  

c e l l u l a r  c u l t u r e  f l u i d .  The formation of 4-methoxyl-( 14c ] v e r a t r y l  alcohol 

was observed i n  c u l t u r e s  of - P. chrysosporium which contained e i t h e r  4-  

14 
methoxyl-[ 14c 1veratrylglycerol-pguaiacyl e the r  [ 131 o r  4-methoxyl-[ C] 

y e r a t r i c  acid.  I n  previous s tud ies  by Lundquist and Kirk, de novo syn- 

t h e s i s  of v e r a t r y l  alcohol from glucose was observed i n  cu l tu res  of 



P. chrysosporium (31). However, when cultures of P. chrysosporium were - 

inoculated with [ y-14C 1 guaiacylglycerol-B-guaiacyl ether [ 101 , extracel- 

lular extracts showed unlabeled veratryl alcohol but no 4-methoxyl-( 14cl 

veratryl alcohol was isolated (32) (Scheme 111). A plausible explanation 

of these results is as follows: enzymatic oxidative cleavage of the 4- 

methoxyl-( 14c ] veratrylglycerol-B-guaiacyl ether ' s [ 131 a-B carbon-carbon 

bond occurs, releasing 4-methoxyl-( 14C ] veratric acid (13). No accumula- 

tion of the latter or its demethylation products, vanillic acid or 4-methoxyl- 

14 
[ C ] isovanillic acid, were observed. However, 4-methoxy1-I 14c ] veratric 

acid is immediately enzymatically reduced to yield 4-methoxy1-I 14c ] veratr- 

yl alcohol (33). No vanillyl alcohol or 4-methoxyl4 14c 1 isovanillyl alco- 

hol resulting from possible demethylation of the substrate was observed. 

Further support for this scheme was obtained when both veratric acid and 

veratryl alcohol were shown to cause a positive dilution effect on the 14 
C02 

evolution, when added to 14c0 -evolving cultures of chrysosporium pre- 2 

viously incubated with 4-methoxy1-I 14c ] veratrylglycerol-B-guaiacyl ether 

[13] (Figure 6). 



Scheme 111 
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APPENDIX 

3. R1= H, R R = 0, R4= H 2 3 

4. R 1 = CHIOH, R 2 R 3= 0, R4= H 

5. R1= H, R2= H, R3= OH, R4= H 

6 .  R1= CH 2 OH, R2= H, R3= OH, R4= H 

a) Structures of the umhelliferone related compounds synthesized in 

this study. 



APPENDIX Iia 

I I1 W I  lt/4 
7. R= H, R R =  0, R= CH 2 C 6 H 5 

t // /tt 

8. R= 14~~20H, R R= 0, ~CCH 2 6 5  C H 

/ / I 1  

9. i= 1 4 ~ ~ 2 0 ~ ,  R)( $: 0, R= H 
11 /IN 

lo. d= 14cs20s, R= H, <; OH, R= H 

U 111 1r*# 

11. i= CHZOH, R= H, R= OH, R= H 8-1 14c ] guaiacyl 
I 11 111 8 ~ '  14 

12. R= CH20H, R R= 0, R= CH3 

/11 1#11 14 
13. d= CH20H, i= H, R= OH, R= 

rrr 1111 

CH3 
14 

14. I$= CHZOH, I(- H, R= OH, R= CH3 f3-I C ] guaiacyl 

a) Structures of the labeled and unlabeled compounds synthesized in 

this study. 



a 
APPENDIX C 

1-(4'-hydroxy-3'aethoxy-pheny1)-2-(4''aethy1-2''~-1"-benzop~ran-2"- 

one-7 ' ' -oxy) ethanediol [ 5 ] 

1- (3 ' -methoxy-4 ' -phenylmethoxy-pheny1)-2- (1 ' 'methoxy-phenoxy ) ethanone [ 7 ] 

14 1-(3'-methoxy-4'-phenylmethoxy-pheny1)-2-(1"aethoxy-phenoxy)-3-[ C]- 

hydroxypropanone [ 8 ] 

1- (4'-hydroxy-3 ' -methow-pheny1)-2- (1' '-methoxy-phenoxy)-3-[ 14c1 -hydroxy- 

propanone [ 9 ] 

1- (4'-hydroxy-3'-methoxy-pheny1)-2- (1' 'aethoxy-phenoxy)-3-[ 14c] propane- 

trio1 [ 10 ] 

1- (3 ' ,4 ' -dimethoxy-phenyll-2- (1' ' -methoxy-[ 14c1 pbenoxy) propanetriol [ 141 

a) Chemical Abstract names of the compounds synthesized in this study. 




