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v a c u o l a r  changes  in l iver  cells were observed ,  however ,  
t hese  changes  were n o t e d  in b o t h  t e s t  g roups  a n d  d id  n o t  
cor re la te  w i t h  t h e  s eve r i t y  of cl inical  s y m p t o m s .  

The  f ind ing  t h a t  2 ' condi t ions  (one s p o n t a n e o u s  a n d  
id iopa th ic ,  t h e  o t h e r  expe r imen ta l )  w i t h  m a n i f e s t a t i o n s  
of e x t r a p y r a m i d a l  m o t o r  dys f unc t i on  are  assoc ia ted  w i t h  
a def ic iency of d o p a m i n e  a n d  se ro ton in  in t h e  c a u d a t e  
suggests  t h a t  th i s  def ic iency m a y  p l ay  a s ign i f ican t  role 
in  p r o d u c i n g  t h i s  dys func t ion .  I n  t he  p r e s en t  s tudies ,  t h e  

ple t ion.  F u r t h e r m o r e ,  i t  is i m p o r t a n t  to  recognize  t h a t  
ct inical  and  b iochemica l  a b n o r m a l i t i e s  m a y  a p p e a r  
before  h i s t opa tho log i ca l  changes  in  b r a i n  can  be  d e m o n -  
s t ra ted ,  a n d  t h a t  t h e  presence  of h is to logica l  changes  in 
specific loca t ions  m a y  n o t  exp la in  t h e  cl inical  m a n i f e s t a -  
t ions  ~2. 

Riassunto. Sc immie  sco ia t to lo  t r a t t a t e  c r o n i c a m e n t e  
con MnO~ p r e s e n t a n o  d i s t u r b i  del s i s t ema  e x t r a p i r a -  

c o n c e n t r a t i o n  of n o r e p i n e p h r i n e  a n d  se ro ton in  in cere- mida t e  ed u n a  r iduz ione  delle concen t r az ion i  di  s e ro ton ina  
b r u m  a n d  b r a i n  s t e m  a p p e a r e d  essen t ia l ly  no rma l .  ;$i~9.r. e d o p a m i n a  n e l ~ u c l e 0  cauda to .  L ' i n t e n s i t ~  dei  d i s t u r b i  
MnO 2 t r e a t m e n t .  Therefore ,  fa i lure  of t h e  e n z y m e  e x t r a p i r a m i d a l i  e la r iduz ione  del ia  concen t r az ione  delle 
sy s t ems  respons ib le  for  t h e i r  f o r m a t i o n  and  de s t r uc t i on  a m i n e  nel  c a u d a t o  appa iono  correla te .  
in  c a u d a t e  was p r o b a b l y  no t  t h e  p r i m a r y  r ea son  for de- 
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Caudate nucleus Cerebrum 
([xg/g) (~tglg) 

Control (2) 0.77 (0.66-0.88) ~ 0.19 (0.18-0.20) 
Group B (6) 0.12 -h 0-05 b 0.19 =h 0.03 

Number of observations in brackets. " Mean (range). b Mean i S:I~. 
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Biosynthesis of Aflatoxins by Cell-Free Preparations from Aspergillus flavus 
The  a f l a tox ins  are  a g roup  of h e p a t o t o x i c  m e t a b o l i t e s  

p roduced  b y  Aspergillus flavus w h i c h  infec ts  foodstuffs ,  
especial ly  g r o u n d n u t s  1. T h o u g h  a la rge  n u m b e r  of r epo r t s  
h a v e  a p p e a r e d  on  t h e i r  occur rence  in c o n t a m i n a t e d  food- 
stuffs,  t h e i r  s t r u c t u r e  a n d  tox ic i ty ,  no  m a j o r  ef for t  seems 
to  h a v e  b e e n  m a d e  to  i nves t i ga t e  t h e i r  b iosyn thes i s .  
MATELES e t  al. 2, s h a v e  s tud ied  t h e  i n c o r p o r a t i o n  of some 
r a d i o a c t i v e  s u b s t r a t e s  in to  a f l a tox ins  b y  t h e  r e s t ing  
m y c e l i u m  of A. ]lavus a n d  BIOLLAZ et  al. 4 h a v e  de ter -  
m i n e d  t h e  labe l l ing  p a t t e r n  of a f l a tox in  t31 so formed.  

I n  t h e  p r e s e n t  i nves t iga t ion ,  t h e  i n c o r p o r a t i o n  of some 
14C-labelled c o m p o u n d s  in to  a f t a tox ins  h a s  been  s tud ied  
us ing  a cell-free s y s t e m  p r e p a r e d  f rom A. flavus w i t h  a 
v iew to o b t a i n i n g  i n f o r m a t i o n  on  t h e  m e c h a n i s m  of 
a f l a t o x i n  b iosyn thes i s .  

Materials and methods. Aspergillus flavus ATCC 15517 
used in t h i s  s t u d y  was  m a i n t a i n e d  on  a glucose p e p t o n e  
aga r  m e d i u m .  Spores  of 7-day g r o w t h  on  t h i s  m e d i u m  
were  t r a n s f e r r e d  to  a 20% s u c r o s e - 2 %  y e a s t  e x t r a c t  
m e d i u m  5 in 500 ml  E r l e n m e y e r  f lasks  a n d  i n c u b a t e d  
e i t he r  on  a r o t a r y  s h a k e r  for  5 days  a t  30 ~ or  w i t h o u t  
s h a k i n g  for  15 days  a t  25~ T h e  myce l i a l  g r o w t h  was  
f i l tered,  w a s h e d  w i t h  d is t i l led  w a t e r  a n d  g r o u n d  up  in a 
glass m o r t a r  w i t h  ac id -washed  s a n d  a n d  cold 0 . 0 5 M  
p h o s p h a t e  buffer ,  p H  6.5. Subce l lu la r  f r a c t i o n a t i o n  was 
car r ied  o u t  in  a n  I n t e r n a t i o n a l  Re f r ige ra t ed  Cent r i fuge  
Model  P R  2, b y  s t a n d a r d  p rocedures  6. T h e  r e c o n s t i t u t e d  
h o m o g e n a t e  was  p r e p a r e d  b y  m i x i n g  e q u i v a l e n t  a m o u n t s  
of nuc l ea r  a n d  m i t o c h o n d r i a l  f r ac t ions  w i t h  1/10 of t h e  
co r r e spond ing  o r ig ina l  v o l u m e  of t h e  s u p e r n a t a n t .  

As p r e l i m i n a r y  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  ab i l i t y  
t o  i n c o r p o r a t e  ace ta t e - l - l~C was  f o u n d  m o s t l y  in  t h e  

m i t o c h o n d r i a l  f rac t ion,  e i t he r  t h e  r e c o n s t i t u t e d  h o m o -  
gena te  or t h e  m i t o c h o n d r i a l  f r ac t ion  was i n c u b a t e d  in  
E r l e n m e y e r  f lasks  for 6 h a t  30 ~ on  a r o t a r y  s h a k e r  w i t h  
t h e  a d d i t i o n  of su i t ab le  s u b s t r a t e s  a n d  co-fac tors  as 
g iven  be low:  m i t o c h o n d r i a l  f r ac t ion  or  r e c o n s t i t u t e d  
h o m o g e n a t e  in  0 . 0 5 M  p h o s p h a t e  buf fe r  p H  6.5, 10 ml,  
glucose 60 rag, Difco yeas t  e x t r a c t  40 rag, i soc i t ra te  1 rag, 
A T P  1 rag, N A D P H  0.5 m g  a n d  acetate- l -14C (0.22 m c /  
raM) 10 Vc, or  DL-leucine-U-l*C (4.55 mc/mM) 8 ~c or 
DL-mevalonic acid-2-1~C-lactone (3.35 m c / m M )  8 ~zc. A t  
t h e  end  of 6 h, a car r ie r  of a m i x t u r e  of a f l a tox ins  in  
0.2 m l  p ropy lene  glycol was  a d d e d  to  t h e  i n c u b a t i o n  
m i x t u r e  wh ich  was t h e n  e x t r a c t e d  w i t h  ch lo ro fo rm a n d  
t h e  e x t r a c t  was  dr ied  over  a n h y d r o u s  s o d i u m  su lpha te ,  
e v a p o r a t e d  u n d e r  r educed  pressure  a n d  m a d e  up  to  2 ml.  
A n  a l iquo t  of t h i s  was  sub j ec t ed  to  t h i n - l a y e r  c h r o m a t o -  
g r a p h y  on  Silica gel G (Merck) w i t h  2% m e t h a n o l  in  
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chloroform. The af la toxin  bands  were scraped out -sa id  
e luted wi th  methanol .  The afIatoxi-ns were de t e rmined  by  
measur ing the  absorp t ion  a t  363 n m  and using the  ex- 
t inc t ion  coeff icients  r epor ted  by  NAm~EY and  NXS~ITT7 
The rad ioac t iv i ty  was de t e rmined  w i t h  a Tracer lab  gas 
flow counter .  

Results. Under  the  exper imen ta l  condi t ions  described,  
labelled acetate ,  meva lona te  and  leucine were  incor- 
po ra t ed  in to  af la toxins  by  the  mi tochondr ia l  f ract ions  or 
r econs t i tu t ed  homogena te s  f rom A./lavus grown in e i ther  
still or shake  cul tures (Table). W i t h  p repa ra t ions  f rom 
still cultures,  t he  h ighes t  counts  were g iven by  meva lona te  
fol lowed b y  leucine and  t h e n  acetate .  An incorpora t ion  
of abou t  0.4% was  achieved wi th  meva lona te .  In  ex t rac t s  

Incorporation of labelled compounds into aflatoxins by cell-free 
extracts from A./lavus 

Labelled Fraction 
compound 

Shake culture Stationary culture 
(cpm) (cpm) 
Aflatoxin Aflatoxin Aflatoxin Aflatoxin 
B G 13 G 

A c e t a t e - I -  Reconst i -  2216 2500 168 396 
14C t u t e d  

h o m o g e n a t e  
Ml tochron-  1624 1060 420 348 
dr ia l  

nL-meva lon ic  Recons t i -  3048 2120 4712 872 
aeid-2-~dC - t u t e d  
l ac tone  h o m o g e n a t e  

Mitoehon-  2308 1112 5828 2292 
dr ia l  

oLdeuc ine-  Recons t i -  1848 1704 456 532 
U - u C  t u t e d  

h o m o g e n a t e  
MitochoI> 1104 1496 396 696 
dr ia l  

The composition of the incubation mixture and assay procedures 
were as described under 'Materials and methods'. Reconstituted 
homogenate and mitoehondrial fractions taken for incubation 
contained 75.0 mg and 41.3 mg of protein respectively in the case of 
preparations from stationary cultures and 42.0 and 20.0 mg of 
protein respectively in those from shake cultures. 

f rom shake cultures,  t he  differences were no t  so mark ed  
b u t  meva lona te  again g a v e s l i g h t l y  h igher  counts  t h a n  
leucine or acetate .  The  incorpora t ion  ob ta ined  f rom 
mi tochondr iM prepa ra t ions  general ly var ied  f rom abou t  
50% to more  t h a n  100% of t h a t  given by  the  reconst i -  
t u t e d  homogena tes ,  suggest ing t h a t  mos t  of t he  enzymes  
involved in t he  b iosynthes i s  of af la toxins  are localized in 
the  mi tochondr ia l  f ract ion.  W i t h  the  r econs t i tu t ed  
homogena t e  f rom shake cul tures  and  ~dC-mevalonic acid 
lactone,  specific activitie~ ob ta ined  for af la toxins  B 1, B,a, 
G 1 and  G~ were 13,570, 252,600, 41,090 and  252,300 cpm/  
mg respect ively .  

F u r t h e r  studies~ a r e  in progress  to  de t e rmine  the  
proper t ies  of the  cell-free enzyme  s y s t em repor ted  here,  
as well as the  p a t h w a y  by  which  the  af la toxins  are 
syn the t i zed  s. 

Rdsumd. Incorpora t ion  d 'ac6tate- l - l*C,  de leucine-U- 
14C et  de m@valonate-2-~C sous forme d ' a f l a tox ine  dans  
les ex t ra i t s  l ibres des cellules d'Aspergillus flavus. Dans  
le cats du m6valonate ,  l ' i ncorpora t ion  de l 'o rdre  de 0,4 
pour  100 et  les act ivi t6s  sp6cifiques sont  13000 ~ 40000 
c p m / m g  d'aflatoxine~ La capaci t6 d ' incorpora t ion  des 
subs t ra t s  en af la toxine  s 'observe,  en part iculier ,  dans  les 
mi tochondr ies .  
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S e p a r a t i o n  of Rat  Liver  M i t o c h o n d r i a l  A m i n e  O x i d a s e s  

Exis t ence  of a n u m b e r  of mi tochondr ia l  amine  
oxidases 1-3 r a the r  t h a n  a single enzyme wi th  b road  
subs t r a t e  specif ici ty ( 'monoamine  oxidase ' ,  EC 1.4.3.4) 
was suggested.  Pa r t i a l  separa t ion  4 of amine  oxidases  de- 
amina t i ng  :p -n i t rophenyle thy lamine  5, ~ and  m-n i t ro -p -  
h y d r o x y b e n z y l a m i n e  7 was a f i rs t  ind ica t ion  of t he  
possibi l i ty  of phys ica l  separa t ion  of mi tochondr ia l  amine  
oxidases ~. This was conf i rmed in o ther  laborator ies  s-l~ 

However ,  so far all the  expe r imen t s  ~, 8-10 were carried 
ou t  wi th  mi tochondr i a  t r e a t ed  by  non-ionic  detergents .  
I n  view of an abi l i ty  of t he  de te rgen t s  to  a l ter  t e r t i a ry  
s t ruc tu re  of p ro te ins  11,1~, t he  resul ts  ob ta ined  m a y  no t  
be considered as unequivoca l  evidence for 'mul t ip l ic i ty '  
of mi tochondr ia l  amine  oxidases.  

Sonicat ion d is in tegra tes  mi tochondr ia l  m e m b r a n e s  to  
par t ic les  hav ing  f rom abou t  50-200 ~ in d iamete r  la and  
separa t ion  of the  par t ic les  b y  means  of dens i ty  grad ien t  
co lumn electrophoresis  1~ yeas under taken .  

R a t  l iver  m i t o c h o n d r i ~  were  sonica ted  in a 22-kc 
genera tor  UZM-1.5 a t  m a x i m a l  power  o u t p u t  for 15 min  

in 0 .025M sodium bora te  (pH 9.2; concen t ra t ion  of 
p ro te in  3 mg/ml) .  Samples  (14 ml) were in t roduced  in to  
an L K B  column electrophoresis  appa ra tus  using a device 
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