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Effect of various naphthalene compounds on aryl hydrocarbon (benzo[a~pyrene) hydroxylase in vitro (Units/mg protein :ix 10 -2) 

Addi t ions  Un t rea t ed  Induced  

10 -s M 10 -4 M 10 -~ M 10 -4 M 

B(a)P~ 
B(a)P + Naphthalene 
B(a)P + Naphthot--(1) 
B(a)P + Naphthol --(2) 
B(a) P + Naphthonitril - -  (1) 
B(a) P + Naphthoni t r i l -  (2) 
B (a) P + Naphthylphospbordicloridat -- (1) 
B(a)P + Naphthylphosphordicloridat- (2) 
B(a)P + 2-Methyl-~-Naphthothiazol 

42 ~ 7 b 423 • 12 
43 -t- 2 ( +  2) 42 • 4(4- 0) 423 =t= 1 0 ( +  0) 423 4- 13(4- 0) 
42 4- 1(4- 0) 43 4- 3 ( +  2) 419 4- 14(-- 1) 402 4- 11(-- 5) 
42 4- 6(•  o) 41 4- 4(-- 2) 415 4- 9(-- 2) 39S • 15(-- 6) 
40 4- 8(-- 5) 39 4- 5(-- 7) 424 4- 15(4- 0) 419 4- 10(-- 1) 
38 4- 3(--10) 36 4- 6(--14) 415:1: 13(-- 2) 402 4- 15(-- 5) 
36 4- 2(--14) 36 4- 4(--14) o 338 4- 12(--20) 33O • 9(--22) 
35 4- 2(--17) 33 4- 6(--21) ~ 343 4- 16(--19) 330 • 16(--22)o 
34 4- 6(--20) 19 4- 2(--45)~ 381 :t: 12(--10) 190 4- 8(--55) o 

Microsomal preparations from 3-Methylcholanthrene pretreated rats. ~ t3P = benzoEalpyrene, b Mean + S.D. of duplicate or triplicate determin- 
ation from two separate experiments. ~ different from control (P < 0.001) values in parenthesis give the percentage of inhibition 
(--) or stimulation (+) 

a ry l  h y d r o c a r b o n  (benzo~a]pyrene) h y d r o x y l a s e  b y  2 
isomers  of n a p h t h y l - p h o s p h o r d i c l o r i d a t e  in  t he  con t ro l  
a n d  m e t h y l c h o l a n t h r e n e - i n d u c e d  mic rosomes  can  p rob -  
ab ly  be  exp la ined  b y  t h e  r e l a t ive  i n s t a b i l i t y  of t he  2 
molecules  which,  in  t h e  w a t e r  phase,  decompose  easi ly 
l i be ra t i ng  t h e  ha logen  rad ica l s  wh ich  p r o b a b l y  ac t  
d i r ec t l y  on  t h e  enzyme.  T he  i n h i b i t i o n  of 2-methyl-f i -  
n a p h t h o t h i a z o l  can  p r o b a b l y  be  exp la ined  b y  i ts  occupa-  
t i on  of t he  benzo[a~pyrene  h y d r o x y l a t i o n  e n z y m e  site. 

The  n a p h t h a l e n e  c o m p o u n d s  s t u d i e d  in t h i s  work  are 
no t  k n o w n  for carc inogenic  ac t iv i ty .  Compar i son  of these  
resu l t s  a n d  those  o b t a i n e d  for  c e r t a i n  ca rc inogens  a n d  
nonca rc inogens  9 con f i rm  t h e  h y p o t h e s i s  t h a t  t he re  is no 
cor re la t ion  be tween  t h e  absence  or p resence  of carc ino-  
genic a c t i v i t y  a n d  t he  ab i l i t y  to  a l t e r  benzo[a ]py rene  
hyd roxy l a t i on .  The  noncarc inogen ic  2 -me thy l - f l -naph tho-  
t h i azo l  m a r k e d l y  i n h i b i t s  t he  e n z y m e  as do t h e  k n o w n  
carc inogens  3 - m e t h y l c h o l a n t h r e n e  (51%),  d i m e t h y I -  
b e n z [ a ] a n t h r a c e n e  (32%), or t he  nonca rc inogen ic  d ibenz  
(a, c) a n t h r a c e n e  ( 4 0 % ) 3  whereas  t h e  o the r  n a p h t h a l e n e  
subs t ances  shown  in t h e  T a b l e  h a v e  a negl igible  effect. 
Moreover,  these  subs t ances  do no t  show a m a r k e d  selec- 
t i ve  effect  be tween  t he  c o n t r o l o r m e t h y l c h o l a n t h r e n e -  
i nduced  mic rosomes  as ha s  been  descr ibed  for some in- 
h ib i to r s  10. However ,  t h e  mic rosomal  e n z y m e  s y s t e m  f rom 

con t ro l  a n d  m e t h y l c h o l a n t h r e n e - t r e a t e d  r a t s  c an  be  
affected d i f fe ren t ly  b y  a v a r i e t y  of o the r  h y d r o c a r b o n s  s, 
which_ suggests  t h a t  t h e r e  are  a t  leas t  2 fo rms  of t h i s  
e n z y m e  complex  7, % 

Rdsumd. L'e f fe t  du  n a p h t h a l e n e  e t  ce r t a ins  de ses 
d~riv6s a 6t6 6 t u d i 6  in v i t ro  sur  Fac t ion  de l ' a ry l  h y d r o -  
c a r b o n  (benzoEalpyrene) hydroxy lase .  Les isom6res 
n a p h t h y l p h o s p h o r d i c l o r i d a t -  (1), n a p h t h y l p h o s p h o r d i c l o -  
r idat-(2)  et  2 -me thy l - f i -naph to th ioazo l  i n h i b e n t  l ' e n z y m e  
duns  les mic rosomes  des r a t s  controles  e t  des r a t s  t r a i t6s  
avec  le m6 thy l cho l an th r~ne ,  sans  u n  effet  diff6rentiel .  
Cet te  i n h i b i t i o n  sugg~re l ' o c c u p a t i o n  du  s i te  c o m m u n  sur  
l ' enzyme.  C e P e n d a n t  le naph ta l~ne ,  le naph tho l - (1 ) ,  le 
naph tho l - (2 )  le naph thon i t r i l e - (1 ) ,  le i l aphthoni t r i l e - (2)  
ou t  u n  effet  negl igeable  sur  l ' ac t iv i t6  enzyma t ique .  
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M e t a b o l i s m  of A f l a t o x i n s  B 1 a n d  G I b y  Aspergillus parasiticus 
F o u r  p r inc ipa l  p a t h w a y s  h a v e  been  c lear ly  recognized  

for t h e  m e t a b o l i s m  of a f l a tox ins  b y  va r ious  a n i m a l  
species 1. These  invo lve  h y d r o x y l a t i o n  a t  2 or 4 pos i t ion ,  
r e d u c t i o n  of t h e  cyc lopen tenone  c a r b o x y l  to  t h e  h y d r o x y l  
g roup  or  d e m e t h y l a t i o n  of a f l a tox in  B 1. M a n y  s t r a in s  of 
Aspergillus ]lavus a n d  A. parasiticus are k n o w n  to  fo rm 
sma l l  a m o u n t s  of a f l a tox ins  t32, G 3, B3a, G3a, M 1, M 3, GM1 
a n d  paras i t ico l .  As no  s t r a in  fo rming  a f l a tox in  G a lone  
ha s  been  repor ted ,  i t  is p r e s u m e d  t h a t  al l  t h e  a f l a tox ins  
are  der ived  f rom a f l a tox in  131. This  poss ib i l i ty  was  t e s t ed  
b y  us ing  va r ious  (1~C) label led  a f l a t0x ins  as s u b s t r a t e s  for  
in  v i t ro  i n c u b a t i o n  w i t h  a h o m o g e n a t e  p r e p a r e d  f rom 
A. parasitivus. 

The  h o m o g e n a t e  was  p r e p a r e d  f rom 7-day-old  A.  
parasiticus (ATCC 15517) m y c e l i u m  grown in  yeas t  
e x t r a c t  sucrose m e d i u m  a t  27~ as s t a t i o n a r y  cul tures ,  
b y  t he  m e t h o d  of RAJ et  al. 3. Labe l l ed  a f l a tox ins  were 

o b t a i n e d  b y  growing  t h e  fungus,  in  100 m l  of yeas t  
e x t r a c t  sucrose m e d i u m  c o n t a i n i n g  10 [xCi of sod ium 
(1-14C) ace t a t e  u n d e r  t h e  same  condi t ions .  R a d i o a c t i v e  
a f l a tox ins  were ex t ens ive ly  pur i f ied  b y  co lumn  ch roma-  
t o g r a p h y  ~ and  r epea t ed  p r e p a r a t i v e  t h i n  l ayer  ch roma-  
t o g r a p h y  4. Labe l l ed  a f la toxins ,  a f t e r  e v a p o r a t i o n  of t h e  
solvent ,  were i n c u b a t e d  a t  30~ w i t h  1 ml  of h o m o g e n a t e  
in  2 m l  of 0.05 M p h o s p h a t e  buf fe r  (pH 6.5) a n d  cofac tor  
(2 m g  NAD+) for  2 h on  a r ec ip roca t ing  shaker .  A f l a t o x i n  
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4 K. t{. MAGGON, L. VISWANATHAN and  T. A. VENTIKASUBRAMANIAN, 

J.  gen. Microbiol. 59, 119 (1969). 



15.10. 1973 Specialia 1211 

t31 had  88500 cpm and  G 1 gave 9580 cpm, when  used for 
incuba t ion .  At  t he  end of t he  incuba t ion  period,  5 ml  
ch lo ro form was  added  and  af la toxins  ex t r ac t ed  and  
sepa ra ted  b y  r epea t ed  p repa ra t ive  TLC ~. The r ad iopur i ty  
of a f la toxins  before and  af ter  ill v i t ro  incuba t ion  was 
checked  as r e c o m m e n d e d  by  AYRES et  al. 5. The radio-  
act ivi t ies  of the  var ious  af la toxins  were de t e rmined  in 
B e c k m a n  LS  233 l iquid scint i l la t ion spec t rome te r  
hav ing  100% efficiency for C ~ count ing  using 10 ml  of 
the  sc int i l la t ing fluid. The scint i l la t ion cocktai l  was  
p r e p a r e d  by  dissolving 4 g of d iphenyloxazole  (PPO) 
a n d  200 mg of 1-4-bis-(2-4-methyl-5-phenyl-oxazolyl) 
benzene  (d imethyl  P O P O P )  ill 1 1 of toluene.  Suitable 
cont ro ls  were p rov ided  to  check any  chemical  t r ans fo rma-  
t ion.  

In  the  second set  of exper iments ,  233 vg of a f la toxin  B 1 
was incuba ted  wi th  1 ml  of homogena t e  plus 2 ml  of 
p h o s p h a t e  buffer  and  var ious  cofactors  (NAD +, N A D H ,  
NADP+) added  indiv idua l ly  under  s imilar  condi t ions .  
The resul ts  of incuba t ion  of rad ioac t ive  af la toxins  B 1 and  
G 1 wi th  Aspergillus parasiticus homogel la te  and  the i r  
convers ion  in to  o the r  a f la toxins  are p re sen ted  in Tables  I 
and  I I  The values  p re sen ted  are t he  average  of 4 separa te  
exper iments .  

Table I. Metabolism of aflatoxins B 1 and G 1 by Aspergillus parasiti- 
C$r a 

Substrate used Product formed 

"~flatoxin Aflatoxin cpm Incorporation (%) 

B1 (cpm 88500) B, 710 0.800 
G 1 1850 2.900 
G 2 685 0.780 
M 1 50 0.057 
B~a 60 0.068 

G 1 (epm 9 5 6 0 )  Parasitieol b 86 0.90 

Radioactivity was not detected in aflatoxins B~ 
labelled B2a , G2a and M x were used as substrates. 
b Identified by TLC and UV-absorption spectra. 

and G 1 when 14C 

Table II. Conversion of aflatoxin B 1 to G by Aspergillus parasiticus 

Substrate 

Aflatoxins in the homogenate (~g) 

Before incubation After incubation 

B G B G 

Aflatoxiu B 1 + NAD (2 mg) 0.71 0.88 154.0 2.99 

Aflatoxin B 1 + NADH 
(1 rag) 0.71 0.88 133.6 2.46 

Aflatoxin B 1 + NADP 4.00 3.33 147.4 6.66 
(1 mg) 

I t  is clear f rom these  resul ts  t t la t  a f la toxin  B 1 is t he  bio- 
genetic precursor  of all t he  af la toxins  inc luding af la toxin  
G v These convers ions  are enzyma t i c  in na tu re  since the  
boi led homogena t e  failed to  br ing  abou t  any  such 
conversion.  Fu r the rmore ,  since the  a f la tox in  con t en t  of 
the  homogena t e  did no t  change  apprec iab ly  wi th  t ime,  

the  poss ib i l i ty  of some precursors  of  a f la toxin  G being 
p re sen t  in the  homogena t e  and t h e r eb y  giving rise to  
a f la tox in  G, can be neglected dur ing  the  incuba t ion  period.  

Tile convers ion  of labelled af la toxins  G 1 and  333 to G~ 
could no t  be d e m o n s t r a t e d  due to  the  low rad ioac t iv i ty  
of a f la toxin  G 2 formed.  Similar ly  the  convers ion of aria- 
tox ins  B2 and  G 2 to  M 1, M v B2a and  G~a and t h a t  of M 1 to  
M s could no t  be p roved  conclusively.  

The convers ion  of aflatoxil ls  B1 to  G x m a y  p ro b ab ly  
involve a ke to- lac tonase  s y s t em similar  to  t he  one 
observed by  HEDEGAARD and  GUNSALUS 6 ill Pseudomonas 
putida, affect ing the  convers ion  of c a m p h o r  to 1-2- 
camphol ide .  According  to  ])ETROY et al. v the  p ropor t ions  
of secondary  fungal  me tabo l i t e s  like af la toxins  can be 
a l tered  ill favour  of any  one of the  me tabo l i t e  by  appro-  
p r ia te  precursor  pressure.  Thus  i t  is possible  to  expla in  
the  high amo u n t s  of e i ther  a f la toxins  B 2 and  G~, observed  
under  some par t icu la r  condi t ions  s-~0, as "due to  the  
cumula t ive  effects of var ious  factors,  favour ing  the  forma-  
t ion  of these  metabol i tes .  The na tu re  of such factors  is 
no t  c lear ly  under s tood  a t  p resen t  bu t  t empera tu re ,  
shaking  and  aera t ion  p lay  some role in these  convers ions  7. 

ELSEWORTHY et al. ~1 repor ted  t h a t  af la toxin/32 and  G~ 
are biogenet ic  precursors  of af la toxins  ]31 and  G1. Their  
conclusion was based on the  h igher  rad ioac t ive  incorpora-  
t ion of m e t h o x y l  side chain  labelled 5 -hydroxyd ihydro -  
s t e r igmatocys t in ,  in to  aflatoxillS B 2 and  G~ co mp ared  to  
a f la toxins  ]31 and G 1. Since the  d e m e t h y l a t i o n  processes 
were no t  s tud ied  and only  the  m e t h o x y  side chain  was 
labelled, tile h igher  incorpora t ion  of af la toxins  B2 and  G2 
could only  r ep resen t  t he  m e t h y l a t i n g  efficienciesof thes  
various af latoxins.  Our f indings ob ta ined  wi th  aria tox in  
labelled in t he  r ing fail to cor robora te  the  suggest ion of 
ELS:EWORTHY et al. ~. Since no rad ioac t iv i ty  was observed 
in af la toxins  B~ or GI when  labelled aflatoxil ls  M1, B~a 
and  G2a were used as subs t ra tes ,  t he  poss ib i l i ty  of these  
minor  af la toxins  being the  precursors  of B 1 and  G~ can be 
ruled out.  

Rdsumd. U n  e x a m e n  pr61iminaire fair  avec une pr6pa- 
ra t ion  d'Aspergillus parasiticus est  relldu 6vidente  la 
convers ion de l ' a f la toxine  t3 en G. I1 est  p robab le  que 
l ' a f la toxine  B 1 est  le pr6curseur  biog6n6tique d ' au t r e s  
af la toxines  p rodu i te  pa r  le champignon .  
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