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Although the total  amount of label in 2 samples may not 
be very different, the qualitative distribution of the label 
may be such as to permit identification of specific pat- 
terns ~. In the double-labelling experiments, induced and 
uninduced cells were reacted with SH NEM and ~C NEM 
respectively; both isotopes were distributed uniformly 
throughout the gel. A uniform distribution was obtained 
as well when the ceils were reacted with unlabelled NEM 
in the presence of substrate, followed by 3H NEM after 
the substrate was removed by washing. Thus, in spite of 
satisfactory functional protection, no evidence for specific 
labelling of a component of the C4-transport system was 
found. 

F o x  and KENNEDY 2 have estimated that  although 
there is a significant difference in the amount of NEM 
incorporated between protected and unprotected frac- 
tions, 0.15 nmoles mg -~ respectively, only about 20% of 
this difference can be ascribed to labelling on the M 
protein. KARLIN et a l )  have calculated that  only 10- 
20% of the labelling of Electroplax electric organ by an 
alkylating substrate analogue was on the acetylcholine 
receptor, and that  the amount of bound label was not 
significantly decreased by prior t reatment  with unlabelled 
alkylating reagent. 

In spite of these difficulties, 3 specific membrane pro- 
teins have now been labelled and apparently located 
electrophoretically~, 5, ~0. The reason for the present neg- 
ative are not known n. 

Rdsumd. Le transporteur des C-4 acides est inhib6 par 
le N-6thylmal6imide. L'inhibition est partiellement blo- 
qu6e par le substrat, mais ce n'est pas 6vident en regar- 
dant la d6finition sp6cifique du transporteur. 
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Effect of some Derivatives of Naphthalene on Aryl Hydrocarbon (Benzo[a]pyrene)  
Hydroxylase  in vitro 

- T h e  inducible enzyme system, aryl hydrocarbon 
(benzoEalpyrene) hydroxylase, is found in many tissues 
of numerous mammalian species. I t  was first described in 
rat liver by CONNEY and MILLER 1 and called benzoEa~ 
pyrene hydroxylase. The enzyme converts polycyclic 
hydrocarbons to phenols, dihydrodiols, quinones and 
epoxides ~,3. In addition to its function as a detoxification 
agent, this enzyme complex has been found to activate 
polycyclic hydrocarbons to toxic and carcinogenic 
metabolites 4. The enzyme also catalyzes the formation of 
covalently bound complexes of hydrocarbon with DNA 5, 6, 
RNA 5 and protein 6. In this work, we examined the affinity 
of certain isomeric derivatives of naphthalene for this 
enzyme and studied their effect on benzoEa]pyrene 
hydroxylation. The inhibition shown by some compounds 
suggests competition for the benzo[a~pyrene hydroxyla- 
tion enzyme site 7. 

All chemicals were obtained from Calbiochem or Sigma. 
The naphthalene compounds were purified by recrystal- 
lization. Male Wistar rats (Commentry strain) weighing 
from 100 to 120 g were injected i.p. with methylcho- 
lanthrene (20 mg/kg) in 0.5 ml corn oil. Control animals 
received corn oil only. Animals were sacrificed by decapita- 
tion and the livers were quickly removed, chilled at 0 ~ 
and homogenized with 0.25 2]// sucrose in 0.05 M Tris- 
HC1, pH 7.5 in a Perspex homogenizer. Microsomes were 
obtained from the 10% homogenate according to 
SCHNEIDER 8. Aryl hydrocarbon (benzoEa]pyrene) hydro- 
xylase was assayed as described by GELBOIN 7. Alkali- 
extractable metabolites of benzoEaJpyrene were measured 
with a Jobin-Yvon Model spectrophotofluorometer to 
determine enzyme activity. Enzyme activities were 
determined in duplicate or triplicate. The act ivi ty was 
compared to a blank to which acetone had been added 
prior to incubation. The various naphthalene hydro- 
carbons were dissolved in ethanol and added in 0.010 mI 
amounts to yield a final concentration equimolar or 
1/10 equimolar to ]3(a)P. This blank gave no fluorescent 

readings. The addition of ethanol containing the various 
polycyclic hydrocarbons (0.010 ml) to the reaction mixture 
after the incubation period did not affect the subsequent 
fluorometric measurements. 

As shown in the Table, t h e  addition of naphthalene 
and its 4 derivatives (naphthol-(1), naphthol-(2), 
naphthonitril-(1), naphthonitril-(2)), at  equimolar or 
1/10 equimolar concentrations to the benzo[a]pyrene 
substrate, had no significant effect on benzo[a]pyrene 
hydroxylation when the medium contained either 
control or induced microsomes. 

The 2 isomers, naphthyl-phosphordicloridat- (1) and 
naphthyl-phosphordicloridate-(2), inhibit hydroxylation 
of benzo[a]pyrene incubated with control microsomes 
by 14% and 21% respectively, and 2-methyl-fl-naph- 
thothiazol by 45%. These 3 compounds also inhibit 
aryl hydrocarbon (benzo[a]pyrene) hydroxylase in 
methylcholanthrene-induced microsomes (22%, 22%, and 
55% respectively). The addition of other compounds to 
control or methylcholanthrene-indueed microsomes result- 
ed in either negligible or no inhibition of benzo[a]pyrene 
hydroxylation. With  the exception of 2-methyl-fl-naphtho- 
thiazol, and the 2 isomers of naphthyl-phosphordiclorid- 
ate, the results suggest t h a t  none of t he  other compounds 
studied has an affinity for the benzo[alpyrene hydro- 
xylation site equal to benzo[a]pyrene. The inhibition of 
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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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