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Fusa r in  C.  a p o t e n t  mutagen i s o l a t e d  from Fusarium moniliforme c u l t u r e  

e x t r a c t s ,  been prepared r ad io l abe led  i n  two s t e p s  by enzymic h y d r o l y s i s  of 

t h e  21-methyl ester group, u s ing  phenobarb i t a l  induced microsomal p r e p a r a t i o n s ,  

followed by r eme thy la t ion  u s i n g  114Cl-diazomethane. Y ie lds ,  based upon f u s a r i n  

C.  were e s s e n t i a l l y  q u a n t i t a t i v e  and approximately 1ok of  t h e  [x4Cl-methyl- 

n i t ro sourea ,  converted t o  diazomethane, r e a c t e d  t o  y i e l d  [I4C]-fusarin C.  

ha s  

Keywords: [14C]-diazomethane, [21-z4C]-fusarin C ,  c a rboxyes t e ra se  

F u s a r i n  C ,  2. i s o l a t e d  from cornmeal c u l t u r e s  of Fusarium moniliforme, i s  

h igh ly  mutagenic and t o x i c  t o  b a c t e r i a  and mammalian cells when metabolized by 
rnicrosomal enzymes [1,2,3,4]. Since  1 o f t e n  contaminates  co rn  i n  China and 
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XI 21 Southern Africa, two o f  t h e  
CO,Me 

OH 
19 

h i g h e s t  i nc idence  areas of  esopha- 

geal cance r  i n  t h e  world,  it has  

been suggested t h a t  i t  may play a 

role i n  t h e  development of esopha- 

g e a l  cancer i n  t h e s e  areas f1.31. 

I n  o r d e r  t o  i n v e s t i g a t e  t h e  metabo- 

l i s m  and mechanism by which 1 acts 
as a mutagen, and p o s s i b l y  a carci- 
mgen, r a d i o l a b e l e d  material i s  

needed. Any changes i n  t h e  charac- 

ter is t ic  polyene s t r u c t u r e  would 

s i g n i f i c a n t l y  

i t  would be d i f f i c u l t  t o  d e t e c t .  

a l ter  both t h e  lmax and e x t i n c t i o n  c o e f f i c i e n t  of  1 i n  which case 

Alcohol dehydrogenases,  i s o l a t e d  from horse  and Thermoanaerobium b rock i i .  

NAD and NADP were obtained from Sigma Chemical Go. Sodium b o r o t r i t i d e  and 

cyanoboro t r i t i de  were ob ta ined  from Amersham Corp. N A D f H  was prepared by reduc- 

t i o n  of  NAD w i th  sodium c y a n o b o r o t r i t i d e  [51. NADP’H was prepared by us ing  [2- 

)HI-propan-2-01, prepared by r e d u c t i o n  of acetone wi th  sodium b o r o t r i t i d e ,  i n  

t h e  presence of  b r o c k i i  a l coho l  dehydrogenase 161. The microsomes were from 

rats induced with phenobarb i t a l  143. Esterase a c t i v i t y  was measured usine; p- 

ni t rophenyl  a c e t a t e  as s u b s t r a t e  [71. 

Fusa r in  C was i s o l a t e d  as p rev ious ly  desc r ibed  [ E l .  S ince  1 is  l i g h t  

s e n s i t i v e  a l l  experiments  were performed under yel low l i g h t  or i n  t h e  dark.  

Fuearin PM1 E9.101 was prepared from 443 nmol 2 i n  100 p 1  DMSO by incuba t ion  a t  

37O f o r  2 h r  w i th  5 ml microsomes, con ta in ing  4 u n i t s  of  esterase, suspended i n  

0 .1  M phosphate b u f f e r ,  pH 7.4, from which t h e  s t anda rd  NADPH g e n e r a t i n g  system 

incorporated wi th  microsomes was omit ted.  The r e a c t i o n  mixture  was then  ex t r ac -  

t e d  wi th  2 x 10  m l  chloroform, The 

aqueous l a y e r  was t r a n s f e r r e d  t o  a C,, Sep-Pak C a r t r i d g e  (Waters Assoc.), pre- 

v ious ly  washed wi th  methanol followed by water. The column was washed wi th  20 

ml water and then  t h e  PM1 was e l u t e d  wi th  2 ml methanol and concen t r a t ed  by 

r o t a r y  evaporat ion.  

w i th  c e n t r i f u g a t i o n  t o  s e p a r a t e  t h e  phases.  

Diazomethane was prepared from [14C]-methyl-N-nitrosourea as prev ious ly  

reported [ll] bu t  w i th  some mod i f i ca t ion .  PM1 (2.3 pmol), d i s so lved  i n  200 pl 

methanol, was t r a n s f e r r e d  t o  a 5 m l  round bottomed f l a s k  and cooled t o  -7OO. 

[z4CI-methyl-N-nitrosourea (4.46 pmol, 250 p C i ,  56mCilmmo1, 97% pure.  Amersham 
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Corp.) was d i s so lved  i n  400 p 1  e t h e r ,  and t r a n s f e r r e d  t o  ano the r  5 m l  f l a s k  a t  
O o .  KOH (50 p l ,  50% wlv i n  wa te r )  was added t o  t h i s  f l a s k  which was immediately 

connected wi th  t h e  PM1 f l a s k  by a glass tube. The [14Cl-methyl-N-nitrosourea 

r e a c t i o n  mixture was warmed t o  room temperature  and t h e  diazomethane generated 

was t r a n s f e r r e d  wi th  a g e n t l e  stream o f  argon over t h e  next 45 min. 

After t h e  t r a n s f e r  was f i n i s h e d ,  t h e  PM1 r e a c t i o n  was brought t o  Oo and 

s t i r r e d  f o r  a n  a d d i t i o n a l  45 min.  The methanol and e t h e r  were then  evaporated 

by a stream o f  argon, 2 m l  water added, and t h e  1 e x t r a c t e d  wi th  3 x 2 m l  

chloroform. The chloroform l a y e r s  were combined and evaporated under argon. 

Ace ty la t ion  o f  t h e  19-hydroxyl group of 1 (464 nmol) was achieved by react- 

i n g  
temperature .  

1.3 pmol acetic anhydride and 250 pmol p y r i d i n e  i n  dioxan f o r  5 h r  a t  room 

HPLC s e p a r a t i o n s  were made u s i n g  a Dupont 850 instrument  a t  a f low rate of 

1 mllmin  us ing  Zorbax ODS-reverse phase columns, (3.9 mm x 300 mm, Phenomenex, 

Rancho P a l o s  Verdes, C A ) ,  and a LKB 2140 Rapid S p e c t r a l  diode a r r a y  d e t e c t o r .  

Rad ioac t iv i ty  was measured wi th  a LKB 1215 Rackbeta s c i n t i l l a t i o n  coun te r .  

We t r i e d  several approaches t o  p repa re  r ad io l abe led  1 based upon t h e  prese-  

nce of t h e  1 9  primary hydroxyl group. Horse a l coho l  dehydrogenase has  a broad 

s u b s t r a t e  s p e c i f i c i t y  [121 bu t  a l though benzyl a l coho l ,  as a p o s i t i v e  c o n t r o l ,  

underwent exchange wi th  t h i s  enzyme. no r a d i o a c t i v i t y  was a s s o c i a t e d  wi th  1 when 

sepa ra t ed  by h p l c  (Zorbax ODS, 60% methanol i n  water, r e t e n t i o n  time 2 1  min). 

We a l s o  t e s t e d  an a l coho l  dehydrogenase i s o l a t e d  from Thermoanaerobium b r o c k i i  

161 w i t h  NADP'H as coenzyme. Again, benzyl  a l coho l  and butan-1-01 underwent 

exchange wi th  t h i s  enzyme but  no t r i t i u m  was t r a n s f e r r e d  t o  1. Another poss ib i -  

l i t y  f o r  l a b e l i n g  1 was by chemical o x i d a t i o n  o f  t h e  19-hydroxyl group followed 

by r e d u c t i o n  back t o  1. A l l  model compounds, such as benzyl a l coho l  and bu tano l  

could be ox id ized  t o  t h e i r  corresponding aldehydes by f r e s h  manganese d iox ide  

[131 and Swern's reagent 1141. 1 was not  oxidized by t h e  former reagent and 

gave a single product  w i th  t h e  l a t te r  which, based upon its 500 MHz nmr and mass 
s p e c t r a ,  was not  t h e  corresponding aldehyde. Ace ty la t ion  of t h e  19-hydroxyl 

group w i t h  acetic anhydride gave a single product  by t l c  (ch1oroform:meth- 

anol::20:1; R 1, 0.16; 1 acetate, 0.46).  The 500 MHz nmr spectrum (CD,Cl , )  of 

t h e  acetate was similar t o  1. 1151 with t h e  fol lowing except ions:  19H, 4.38; 

14H. 4.0; 1 8 H  2.23 and 2.1 and an a d d i t i o n a l  t h r e e  p ro tons  a t  2.08 ppm. Th i s  

compound was however u n s u i t a b l e  for b i o l o g i c a l  experiments  since i t  underwent 

20% r e a c t i o n  (10 mM phosphate bu f fe r ,  pH 7.4, 37O) i n  2 h r  t o  a product i n d i s -  

t i n g u i s h a b l e  from 1 by h p l c  a n a l y s i s .  

f -  
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Fusa r in  A ,  a c l o s e l y  r e l a t e d  structure [la1 has  been l a b e l e d  u s i n g  [ I a C l -  

acetate supplements t o  c u l t u r e s  of  moniliforme. Although t h i s  i s  a p o t e n t i a l  

method f o r  ob ta in ing  [ l 4 C 1 - 1 ,  t h e  y i e l d s ,  based upon added l a b e l ,  would be very 

low and t h e  f ina l  product  would have a ve ry  low s p e c i f i c  a c t i v i t y .  Recent ly ,  2 
was found t o  be a s u b s t r a t e  o f  carboxy esterases p r e s e n t  i n  l i v e r  microsomes 

191. The methyl ester was hydrolyzed t o  form its free ca rboxy l i c  a c i d  de r iva -  

t i v e ,  designated PM1, which i s  ve ry  water s o l u b l e .  Our recent s t u d i e s  [lo1 have 

confirmed t h a t  f u s a r i n  PM1 is  t h e  major me tabo l i t e  formed by incuba t ion  of  -t 
with microsomes i n  t h e  absence of  NADPH. Treatment o f  PM1 with diazomethane 

converted i t  back t o  a compound i d e n t i c a l  t o  1 by h p l c  r e t e n t i o n  t i m e  and its uv 

spectrum. Owing t o  t h e  l a b i l i t y  of  1 i n  microsomal systems it may be considered 

t h a t  121-14C1-1 i s  not a s u i t a b l e  r a d i o l a b e l e d  d e r i v a t i v e  of 1 for  metabol ic  

s t u d i e s .  However, w e  have shown t h a t  t h i s  esterase a c t i v i t y  can be i n h i b i t e d  by 

low c o n c e n t r a t i o n s  of di- isopropyl  f luorophosphate  which does no t  i n t e r f e r e  wi th  

t h e  metabol ic  a c t i v a t i o n  o f  L mutagenic m e t a b o l i t e s  1101. 1, i n  t h e  presence of 

microsomes from rats p rev ious ly  induced wi th  phenobarb i t a l  bu t  absence of NADPH, 

is converted t o  PMl i n  67% y i e l d .  T h i s  value was c a l c u l a t e d  assuming t h e  same 

molar c o e f f i c i e n t  (Aas, = 32,000) 1151 f o r  PM1 as 1. d e s p i t e  t h e  Amax f o r  1 
being 368 nm, PM1 was >90% pure  when analyzed by hp lc  us ing  a l i n e a r  g r a d i e n t  

froui 40 t o  100% methanol i n  water ove r  20 min. Re ten t ion  times were 11.5 min 
and 19.5 min f o r  PM1 and 1 r e s p e c t i v e l y .  

The p u r i t y  o f  t h e  114CI-1 ,  prepared from tl4CI-diazomethane and PM1, was 
determined by h p l c  a s  desc r ibed  above and 1 min f r a c t i o n s  were c o l l e c t e d  f o r  

s c i n t i l l a t i o n  count ing.  The radiochemical  and chemical p u r i t i e s  based upon 

abso rp t ion  a t  368 nm were both found t o  be 94% and similar t o  t h e  s t a r t i n g  

material. The product  (0.33 p o l ,  20 p C i )  had t h e  same uv spectrum as 1 and 

e s s e n t i a l l y  t h e  same s p e c i f i c  a c t i v i t y  (60 mCi/mmol) as t h e  start ing [1*C1- 

methyl n i t r o s o u r e a  and was produced i n  8% y i e l d  based on t h e  n i t rosourea .  

Typical ly  about 60% y i e l d s  are obtained i n  t h e  p r e p a r a t i o n  of diazomethane when 

undertaken a l a r g e r  scale. 

These procedures ,  t h e r e f o r e ,  provide a convenient  method t o  p repa re  121- 

‘4C]-?, f o r  s t u d i e s  o f  i ts  microsomal rcetabolism and binding t o  DNA. 

Hazardous m a t e r i a l s :  1 is  mutagenic and p o s s i b l y  ca rc inogen ic .  Diazomethane i s  

t o x i c  and p o t e n t i a l l y  e x p l o s i v e  1171. 
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