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Polymerization of phenolic intermediates of pesticides by a fungal enzyme 
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Summary. The  fungus  Rhizoctonia praticola produces  a n  ex t r ace l lu l a r  p h e n o l  ox idase  (laccase) wh ich  po lymer izes  
phenol ic  i n t e r m e d i a t e s  of va r ious  pest icides.  The  e n z y m e  ca ta lyzes  t he  f o r m a t i o n  of ol igomeric  p r o d u c t s  f rom halo-  
g e n a t e d  phenol ic  i n t e r m e d i a t e s  of p h e n o x y a l k a n o a t e  herb ic ides  and  f rom n a p h t h o l i c  p r o d u c t s  de r ived  f rom c a r b a m a t e  
insect icides.  These  f indings  p e r m i t  f u r t h e r  i nves t iga t ions  in to  t he  m e c h a n i s m  a n d  role of ox ida t i ve  coupl ing  lead ing  
to  t he  i n c o r p o r a t i o n  of xenob io t i c  c o m p o u n d s  in to  soil organic  m a t t e r .  

The  soil h a b i t a t  is t he  p r i m a r y  recep tac le  for pes t ic ides  
a n d  t h e i r  decompos i t i on  p roduc t s ,  however ,  t he  fa te  of 
these  chemica l s  in  such  a complex  e n v i r o n m e n t  is o f ten  
d i f f icul t  to  de te rmine .  Therefore ,  l a b o r a t o r y  e x p e r i m e n t s  
w i t h  single mic rob ia l  isolates  or w i t h  pur i f ied  enzymes  are 
o f ten  used to e s t ab l i sh  p a t h w a y s  of pes t ic ide  me tabo l i sm.  
Resu l t s  f rom th i s  mode l  s y s t e m  a p p r o a c h  h a v e  es tab-  
l ished h y d r o x y l a t i o n ,  epox ida t ion ,  r educ t ion ,  hydrolys is ,  
d e a l k y l a t i o n  and  d e h a l o g e n a t i o n  a m o n g  others ,  as im-  
p o r t a n t  r eac t ions  in  t he  t r a n s f o r m a t i o n  of pes t ic ides  1. 
As t he  r e su l t  of our  inves t iga t ions ,  a p rev ious ly  uncon-  
s idered  r eac t i on  m a y  be  added  to  th i s  list, as we h a v e  ob-  
se rved  t h a t  phenol ic  i n t e r m e d i a t e s  of pes t ic ides  c an  be  
po lymer i zed  b y  a n  e n z y m e  p roduced  b y  a soil fungus.  I n  
our  s tud ies  the  e n z y m e  was i so la ted  f rom t he  g r o w t h  
m e d i u m  of t he  fungus  Rhizoctonia praticola ( V a a r t a j a  
No. 1347) b y  DEAE-ce l lu lose  co lumn  c h r o m a t o g r a p h y  
a n d  S e p h a d e x  G-200 gel f i l t ra t ionma.  
Material and methods. A n  assay  was e s t ab l i shed  w i t h  
2, 6 - d i m e t h o x y p h e n o l  as a s u b s t r a t e  a; t he  e n z y m e  so lu t ion  
(0.1 ml) was  a d d e d  to  3.24 ~xmoles 2 , 6 - d i m e t h o x y p h e n o l  
in  3,4 ml  0.1 M p h o s p h a t e  buffer ,  p H  6.9, a n d  i n c u b a t e d  
a t  23 ~ One u n i t  of e n z y m e  was def ined as t h a t  a m o u n t  
w h i c h  caused  a change  in OD of 1 .0/min a t  468 rim, the  
2max of t h e  p roduc t ,  3 , 5 , 3 ' , 5 ' - t e t r a m e t h o x y d i p h e n o -  

qu inone .  The  c o m p o u n d s  t e s t ed  were a d d e d  to a so lu t ion  
of 0.5 u n i t s / m l  of e n z y m e  in 0.1 M p h o s p h a t e  buffer ,  
p H  6.9 a t  a c o n c e n t r a t i o n  of 50 Fg/ml. The  i n c u b a t i o n  
m i x t u r e s  were e x t r a c t e d  w i t h  d ie thy l -e the r ,  a n d  t he  
p r o d u c t  e x t r a c t  was  ana lyzed  b y  mass  s p e c t r o m e t r y  a t  
a n  i on i za t i on  p o t e n t i a l  of 70 eV and  a t  a t e m p e r a t u r e  of 
350 ~ us ing  t he  d i rec t  i n se r t ion  probe.  
Results and discussion. The  t e s t ed  i n t e r m e d i a t e s  as well  
as t he  pes t ic ides  f rom w h i c h  t h e y  are  der ived  are l i s ted  
in t he  t ab le ,  a n d  ol igomeric  p roduc t s ,  as de tec ted  b y  mass  
spec t rome t ry ,  are also p resen ted .  2 -Chlorophenol  a n d  4- 
ch lo ropheno l  were read i ly  po lymer i zed  b y  the  e n z y m e  a n d  
t h e  m a j o r  mass  spec t ra l  peaks  of the  p r o d u c t  e x t r a c t  cor- 
r e spond  to  dimeric ,  t r imer ic ,  and  t e t r a m e r i c  ol igomers.  
I so top ic  p a t t e r n  ana lys i s  revea led  t he  possible invo lve-  
m e n t  of a dech lo r i na t i on  reac t ion  in t h e  f o r m a t i o n  of a 
t e t r a m e r i c  p r o d u c t  f rom 4-chlorophenol .  
The  mass  s p e c t r u m  of t h e  2 -ch lorophenol  p r o d u c t  m i x t u r e  
is r e p r o d u c e d  in t h e  f igure and  possible  ol igomers  f rom 

1 J.-M. Bollag, Adv. appl. Microbiol. 18, 75 (1974). 
2 J.-M. Bollag, R. D. Sjoblad, E. J. Czaplicki and R. E. Hoeppel, 

Soil Biol. Biochem. 8, 7 (1976). 
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Mass spectrum obtained from the diethyl-ether extract of an assay with an extracellular enzyme of R. praticola and 2-chlorophenol as 
substrate. Below the mass spectrum is one possible scheme for the formation of oligomeric products. 
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th is  subs t r a t e  are r ep resen ted  below thei r  respect ive  ion 
groupings.  The ol igomers resul t  f rom oxida t ive  coupling,  
and enzymes  t h a t  ca ta lyze  th is  react ion are known  as 
phenol  oxidases.  In  the  ca ta ly t i c  event ,  a ry loxy  radicals  
are p roduced  f rom phenol ic  compounds ,  and polymeri -  
zat ion occurs as these  radicals  couple t h rough  the  si tes 
o r tho  or pa ra  to the  h y d r o x y l  group wi th  the  meta-pos i -  
t ions  being nonreac t ive  4. 
Dimerized p roduc t s  were fo rmed  when  2,4-dichlorophenol  
and  4-bromo-2-ehlorophenol  were incuba ted  wi th  the  
phenol  oxidase f rom R. praticola, and  4-chloro-2-methyl-  
phenol  was po lymer ized  to  dimeric ,  te t ramer ic ,  pen ta -  
meric,  and  hexamer ic  c o m p o u n d s  wi th  the  higher  poly-  
mers  exhib i t ing  va ry ing  degrees of dehalogenat ion .  A 
t r imer  was no t  observed  in t he  mass  spec t rum.  
Oligomeric p roduc t s  were no t  fo rmed f rom n i t rophenols  
(4-nitrophenol,  2 ,4-dini trophenol) .  This is p robab l y  due  
to  the  s t rong  e l ec t ron -a t t r ac t ing  charac ter i s t ic  of the  
n i t ro - subs t i tuen t s ,  which  m a y  effect ively  p r even t  the  re- 
mova l  of an e lectron f rom the  phenol ic  h y d r o x y l  group. 
Several  factors  m u s t  be kep t  in mind  when  the  t echn ique  
of mass  s p e c t r o m e t r y  is used to analyze  mix tures  of com- 
pounds .  First ,  h igher  mol. w t  po lymers  m a y  well be p resen t  
b u t  too involat i le  to  be de tec ted .  Also, one is no t  a lways 
sure whe the r  ion peaks  r ep resen t  molecular  ions or frag- 
men t s  of h igher  mol. w t  compounds .  
For  example ,  the  mass  spec t rum of the  mater ia l  ex t r ac t ed  
f rom the  e n z y m e - n a p h t h o l  reac t ion  showed ions a t  m/e  
value cor responding  to  coupl ing of 2-5 monomer ic  units ,  
bu t  these  peaks  m i g h t  have  represen ted  f r agmen t  ions 
f rom the  pen tamer .  However ,  by  TLC of th is  ex t r ac t  on 
silica gel p la tes  using t r i e thy l amine  or e the r -hexane  (4 : 1, 
v/v) as so lvent  sys tems,  2 d imers  (m/e 286), a t r imer  (m/e 
428), and a t e t r a m e r  (m/e 570), were isolatable 3. A d imer  
was also separa ted  f rom the  p roduc t  mix tu re  p roduced  
f rom 4-chlorophenol .  

H y d r o x y l a t e d  ca rbary l  metabol i tes  5 were also ox ida t ive ly  
coupled by  the  fungal  enzyme.  I t  appears  t h a t  these com-  
pounds  were hydro lyzed  to the  cor responding  free n a p h -  
thols  pr ior  to the  coupl ing react ion.  The mass  spec t ra  of 
these  p roduc t s  ind ica ted  t h a t  the  observed  dimers  or t r i -  
mers  had  undergone  fu r the r  ox ida t ion  or d e h y d r a t i o n  

, cor responding  to  loss of H 2 or water .  The isomeric 2- 
n a p h t h o l  behaved  s imilar ly  to  1-naphthol .  
A l though  phenol  oxidases are i n s t rumen ta l  in the  bio- 
syn thes i s  of a wide range of na tu ra l ly  occurr ing com-  
pounds  such as lignins, ant ibiot ics ,  alkaloids, melanins ,  
and p igments ,  'knowledge  concerning the i r  p roper t ies  is 
scarcer  t h a n  for any  o the r  group of enzymes  of such bio- 
logical impor tance  6. Fu r t h e r ,  there  are only  a few s tudies  
t h a t  a t t e m p t  to es tabl ish  the  impor t ance  of phenol  oxi- 
dases in soil 7. Laccases,  peroxidases ,  and tyros inases  com- 
prise the  group of me ta l -con ta in ing  enzymes  t h a t  ca ta lyze  
phenol  coupling,  and  the  dis t inct ion be tween  these  classes 
is no t  a lways clear. Yet ,  the  enzyme isolated f rom R. 
praticola can be classified as a laccase since ty ros ine  is no t  
oxidized nor  is a h y d ro x y l a t i o n  reac t ion  observed w i t h  
any  subs t ra te .  Fu r the r ,  hyd rogen  peroxide  is no t  required 
for ac t iv i ty ,  and  is even found to be inh ib i to ry  (un- 
publ i shed  observat ions) .  

4 H. Musso, in: Oxidative Coupling of Phenols, p. 1. Ed. W. I. 
Taylor and A. R. Battersby. Marcel Dekker Inc., New York 1967. 
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W. I. Taylor and A. R. Battersby. Marcel Dekker Inc., New York 
1967. 
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Polymer formation as detected by mass spectrometry from phenolic pesticide intermediates after incubation with a phenol oxidase from the 
fungus Rhizoctonia praticola 

Pesticide Phenolic Incubation Phenolic oligomers (m/e value of molecular ion) 
intermediate (h) Monomer Dimer Trimer Tetramer Pentamer Hexamer 

2-Chlorophenoxyacetic 2-Chlorophenol 6 [128]~ 254 (CI~) ~ 380 (C13) 506 (C14) 
acid 
4-Chlorophenoxyacetic 4-Chlorophenol 6 128 (CI) 254 (Cl~)o 380 (Clz) 472 (CI~) 
acid 506 (el4) 
2,4-Diehlorophenoxy- 2,4-Dichlorophenol 12 162 322 (C14)c 
acetic acid (2,4-D) 
4-Bromo-2-chlorophe- 4-Bromo-2-chloro- 12 206 410 (Br~Cl2)c 
noxy-acetic acid phenol 
4-Chloro-2-methylphe- 4-Chloro-2-methyl- 12 142 (C1) 282 (CI~) [422] 494 (C12) 600 (C12) 740 (Cl~) 
noxy-acetic acid (MCPA) phenol 528 (Cl~) 634 (C13) 774 (C14) 
1-Naphthyl-N-methyl- 1-Naphthol 3 144 286 ~ 428 c 570 c 712 
carbamate (Carbaryl, Sevin) 284 (-H~) a 
1-Naphthyl-N-methyl- 4-Hydroxy-N- 6 160 314 (-HeO) 472 (-2H~) 
carbamate methyl-carbamate 
(Carbaryl, Sevin) --~(1,4-NaPhthalene- 456 (-H2, H20) 

diol) o 
1-Naphthyl-N-methyl- 5-Hydroxy-N-methyl- 6 [160] 300 (-H20) 
carbamate carbamate 
(Carbaryl, Sevin) --~(1,5-Naphthalene- 

diol) e 
r 2-Naphthol 3.5 144 286 428 570 
alkylcarboxylic acids 

aM+ values in brackets were not seen in the mass spectrum of the final product; bThe number of halogens in oligomer as derived from the 
isotopic pattern is shown in parenthesis; c These oligomers were isolated by TLC; aM+ values for oligomer after elimination of the elements 
shown in parenthesis; ~The mass spectral data indicated that the 4- and 5-hydroxy-N-methylcarbamate were apparently hydrolyzed to the 
free naphthol during oligomerization. 
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T h e  s ignif icance of p h e n o l  coupl ing  in soils ha s  no t  been  
assessed;  however ,  i t  has  been  shown t h a t  pes t ic ides  a n d  
t h e i r  t r a n s f o r m a t i o n  p r o d u c t s  can  be  read i ly  b o u n d  to 
soil c o m p o n e n t s  8. E n z y m a t i c  ox ida t i ve  coupl ing  m a y  be  
a n  i m p o r t a n t  r eac t ion  t h a t  resul t s  in  c o v a l e n t  b o n d i n g  of 
phenol ic  i n t e r m e d i a t e s  to  soil organic  polymers .  Ani l in ic  
res idues  of pes t ic ides  m a y  also be s imi la r ly  bound ,  since 
pe rox idases  are ac t ive  in t he  ox ida t i on  and  coupl ing  of 
a r o m a t i c  amines .  W h e t h e r  t he  b i nd i ng  reac t ions  w i th  
phenol ic  pes t ic ide  i n t e r m e d i a t e s  shou ld  be v iewed  as re- 
sul t ir tg in t he  f o r m a t i o n  of r e c a l c i t r a n t  molecules  of un-  
k n o w n  toxic  p rope r t i e s  or as m e c h a n i s m s  of env i ron-  
m e n t a l  de tox i ca t i on  is st i l l  open  to  deba te .  

Our  resul t s  fo rm the  basis  for fu tu re  i nves t iga t ions  w i t h  
agrochemica l s  in soils in w h i c h  t he  degree of po lymer i -  
za t ion  of these  chemica ls  as well  as t he  e x t e n t  of t he i r  
incorpora t ion ,  in to  soil organic  m a t t e r  m a y  be  d e t e r m i n e d  
u n d e r  va r ious  condi t ions .  I t  is ou r  sugges t ion  t h a t  the  role 
of pheno l  ox idases  in  d e t e r m i n i n g  t he  fa te  of xenobio t i c  
chemica ls  in t he  soil e n v i r o n m e n t  h a s  been  wide ly  over-  
looked a n d  p r o b a b l y  u n d e r e s t i m a t e d .  

8 J. Katan, T. W. Fuhremann and E. P. Lichtenstein, Science 193, 
891 (1976). 

Synthesis  and some characteristics of p3 C]-special ly enriched tetragastrin and the related compound z 
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Summary. [13C]-enriched t e t r a g a s t r i n  and  t he  r e l a t ed  c o m p o u n d  were syn thes i zed  in solut ion.  Convers ion  of S-ElsC~- 
m e t h y l a t e d  t e t r a g a s t r i n  to  t he  enr iched  t e t r a g a s t r i n  gave  10.5 p p m  upf ie ld  chemica l  sh i f t  of C * resonance .  The  po t ency  
of t he  s y n t h e t i c  t e t r a g a s t r i n  to  s t imu la t e  gas t r ic  acid sec re t ion  was v i r t u a l l y  iden t ica l  w i th  t h a t  of p e n t a g a s t r i n  (ICI). 

Gas t r in ,  a g a s t r o i n t e s t i n a l  ho rmone ,  is an  acidic h e p t a -  
decapep t i de  amide  a n d  exis ts  in 2 forms,  wh ich  are  
g a s t r i n  I w i t h  T y r  res idue  in pos i t ion  12 a n d  gas t r i n  I I  
w i t h  su l fa ted  T y r  res idue  in t he  pos i t ion  3, In  b o t h  forms,  
4 amino  ac id  res idues  in t he  C- te rmina l ,  i.e., H - T r p - M e t -  
A s p - P h e - N H  2 ( t e t ragas t r in ) ,  are  k n o w n  to be  respons ib le  
for  t he  full  r ange  of phys io logica l  a c t i v i t y  of t he  p a r e n t  
hormone* .  A n u m b e r  of ana logues  of t e t r a g a s t r i n  h a v e  
b e e n  syn thes ized  and  sub j ec t ed  to t he  i n v e s t i g a t i o n  of 
s t r u c t u r e - f u n c t i o n  r e l a t ionsh ips  in  t he  ac t ive  site of gas- 
t r i m  Morely ~ a s sum ed  t h a t  t he  Trp ,  Met  and  Ptle posi-  
t i ons  in t he  t e t r a g a s t r i n  p a r t i c i p a t e  s ign i f i can t ly  in 
b i n d i n g  t he  molecule  w i t h  t h e  si te  of phys io logica l  ac t ion .  
T h e  13C-NMR-spectroscopy ha s  become  a useful  tool  for 
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and 2% AcOH 

H-Trp-[S-Methyl 18C]Met-Asp-Phe-NH~ (I) 

Fig.~l. Synthesis of [18C]-enriehed gastrin-related peptides. 

t he  s t u d y  of con fo rma t ions  of pep t ides  and  p ro te ins  in  
solut ion.  Recen t ly ,  B le ich  e t  al. ~ r e p o r t e d  1~C- a n d  
1H-NMR-s tud ies  of t he  t e t r a g a s t r i n  a t  n a t u r a l  a b u n d a n c e  
us ing  pe rdeu te r io  d i m e t h y l  sul foxide solut ion.  In  th i s  
p a p e r  an  a t t e m p t  was m a d e  to  syn thes ize  the  t e t r a g a s t r i n  
in which  t he  m e t h y l  g roup  of t he  m e t h i o n i n e  res idue was 
special ly  enr iched  w i t h  [13C]: H-Trp - [S -me thyP3C]Met  - 
A s p - P h e - N H  2 (I). Fo r  compar i son ,  t he  [13C]-enriched t r i -  
pep t i de  amide  H- [S-me thy lz sC]Met -Asp-Phe -NHz  (II) 
was  also syn thes ized .  Specific e n r i c h m e n t  w i t h  13C of t he  
C * of the  m e t h i o n i n e  res idue in t he  pep t ide  was pe r fo rmed  
b y  a m e t h o d  t h a t  modi f ied  t he  one b y  Jones  et  al.7, 
wh ich  consis ts  of m e t h y l a t i o n  a t  t he  m e t h i o n i n e  sulfur  
w i t h  [13C]-enriched m e t h y l  iodide followed b y  r a n d o m  
d e m e t h y l a t i o n .  Fo r  the  syn thes i s  of c o m p o u n d  I, pro-  
t ec t ed  t e t r a g a s t r i n ,  t -Boc-Trp-Met -Asp-Phe-NH28,  was  
f i rs t  cons t ruc t ed  b y  s tepwise  p rocedu re  s t a r t i n g  f rom 
H-Phe -NHz .  The  s y n t h e t i c  rou te  is shown  in f igure 1. 
The  p ro t ec t ed  t e t r a g a s t r i n  was m e t h y l a t e d  in d i m e t h y l -  
f o r m a m i d e  w i t h  10fold e q u i v a l e n t  of 90% methyl-El*C] 
iodide. The  reac t ion  m i x t u r e  was k e p t  a t  p H  7.0 and  al- 
lowed to  s t a n d  a t  room t e m p e r a t u r e  in  d a r k  for  24 h. An-  
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8 Abbreviations used are : t-Doe: tertiary butoxycarbanyl; BuOH : 

butanol; AcOH: acetic acid; DMSO-d~: perdeuteriodimethyl 
sulfoxide; Bzl: benzyl ester; OSu: N-hydroxy succinimido ester; 
Rf r- and RfH-values refer to the solvent systems: 1-BuOH- 
AcOH-H20(4:I:5 ) (upper layer) and 1-BuOH-pyridine-AcOH- 
HzO(30 : 20 : 6 : 24), respectively. 


