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Rdsumd. La cardiol ipine est  le pr inc ipal  phosphol ip ide  
dans  M. smegmatis CDC. I1 cons t i tue  le 45% du phospho-  
l ipide total .  Elle est  suivie d ' une  quan t i t6  de phospha-  
t idy l inos i to lmannos ides .  Dans  M. phlei ATCC 354 au 
contraire ,  ces derniers  r epr6sen ten t  le 46% du phospho-  
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l ipide total .  Le mo n o man n o p h o s p h o i n o s i t i d e  y est  pr6sent  
en plus forte  concen t ra t ion  que la cardiolipine. 
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Aryl and Aniline Hydroxylases in Rat Nuclear Membranes after Pretreatment with 
Pregnenolone 16a-carbonitrile, Phenobarbital and Methylcholanthrene 

The abi l i ty  of pregnenolone  16a-carbonitr i le ,  a p o t e n t  
ca ta tox ic  steroid,  to p ro t ec t  r a t s  agains t  m a n y  tox ican t s  1, 
m a y  be a t t r i b u t e d  to  its capac i ty  to  induce mixed-func-  
t ion  microsomal  oxidases such as aryl  hyd roca rbon  
hydroxylase .  The dual  role of th is  enzyme sys t em in 
e i ther  de toxi f ica t ion  or in the  fo rmat ion  of act ive inter-  
media tes  in polycyclic  hyd roca rbon  carcinogenesis  has 
been es tabl ished 2. P r e t r e a t m e n t  of ra t s  wi th  pregnenolone  
16 e-carboni t r i le  increases l iver weight ,  s t imula tes  smooth-  
surfaced endoplasmic  re t i cu lum prol i fera t ion in liver 
cells, and enhances  N A D P H  cy toch rome  c reductase  
ac t iv i ty  as occurs af ter  phenoba rb i t a l  t r e a t m e n t  3, 4. 

The induc t ive  effect  of pregnenolone  16e-carboni t r i le  
in microsomes  has  been shown to be grea ter  t h a n  t h a t  of 

�9 phenoba rb i t a l  bu t  still less t h a n  the  induc t ion  of the  
enzymes  by  m e t h y l c h o l a n t h r e n e  ~. However ,  the  induc t ion  
in microsomes  of anil ine hydroxylase ,  ano the r  inducible 
enzyme  sys tem,  was the  same for all 3 substances .  KHAND- 
WALA and KASPER e have  recen t ly  d e m o n s t r a t e d  high 
levels of aryl  h y d r o c a r b o n  hydroxy lase  in the  l iver nuclei 
and  nuclear  m e m b r a n e s  of 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  
rats ,  bu t  no differences were no ted  in the  nuclei or nuclear  
m e m b r a n e s  f rom phenoba rb i t a l - t r e a t ed  or control  rats.  
Here  we repor t  t h a t  pregnenolone  16 e-carbonitr i le ,  which 
induced  high quan t i t i e s  of aryl  hyd roca rbon  hydroxy lase  
and  anil in hydroxy lase  in microsomes,  as did me thy l -  
cho lan th rene  and  phenobarb i t a l ,  was unable  to  induce the  
enzyme in puri f ied nuclei  and  nuclear  membranes .  

For  enzyme  induct ion,  male  ra t s  (WAG strain,  
C.E.S.A.L. ,  Orleans, France)  weighing 130-150 g were 
t r e a t ed  wi th  phenobarb i t a l ,  3 -methy lcho lan threne ,  and 
pregnenolone  16cr in the  following man n e r :  
0.1% sodium phenoba rb i t a l  was placed in the  dr inking 
wa te r  of 1 group of animals  for 2 weeks, me thy lcho lan-  
t h rene  was in jec ted  in to  ano the r  group (20 mg/kg  in 

0.5 ml  corn oil) once a day  for 2 days,  and  a micronized 
suspension of p regnenolone  16 e-carboni t r i le  in 2 ml wa te r  
wi th  a t race  of Tween  80 was given per  os to ano the r  
group (50 mg/kg).  The c o m p o u n d  was admin is te red  at  
8-h in tervals  (twice dai ly  for 2 days  and  once on the  3rd 
day).  Controls  of in jec ted  ra ts  received 0.5 ml  corn oil 
only. The animals  had  free access to  wa te r  and a s t an da rd  
diet. They  were killed by  decap i t a t ion  2~ h af ter  the  last 
in jec t ion  or last  oral admin i s t ra t ion .  The l ivers were 
excised quickly, chilled and  weighed. The nuclei f rom ra t  
l iver were isolated (according to KASPER 4) and the  nuclear  
m e m b r a n e s  were p repa red  by  ac t ion  of hepar in  on the  
nuclei as descr ibed by  BORNENS ~. The pur i ty  and in tegr i ty  
of b o t h  p repara t ions  were control led by  electron micro- 
scope studies.  

Table I shows tha t ,  in the  microsomes,  methylcholan-  
th rene  and  pregnenolone  16e-carboni t r i le  induce greater  
quant i t i es  of aryl  h y d r o c h a r b o n  hydroxylase  t han  
phenobarb i ta l .  In  the  nuclei  and nuclear  membranes ,  
however,  ne i ther  p regnenolone  16e-carboni t r i le  nor 
phenoba rb i t a l  induce the  enzyme.  On the  o ther  hand,  
me thy lcho lan th rene ,  which induces  6 t imes  more  aryl  
hyd roca rbon  hydroxy lase  in the  microsomes,  induces  10 
t imes  more  enzyme in t he  nuclei and  15 t imes  more  en- 
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Table I. Specific activity of aryl hydrocarbon hydroxylase in the nuclei, the nuclear membranes and microsomes after induction by pheno- 
barbital (PB), methyleholanthrene (MC) and pregnenolone 16~-earbonitrile (PCN) 

Fraction Treatment 
C PB MC PCN 

(pMoles 3=hydroxy benzo(a)pyrene/30 min/mg protein) 

Nuclei 222 :[: 48 202 -~ 52 (--)~ 2402 ~: 342 (• 10) 186 :[: 42 (--) 
Nuclear membranes 400 ~: 120 416 i 104 (--) 6956 :L 820 ( • 15) 422 :t: 120 (--) 
Microsomes 4200 i 380 7450 4- 602 ( • 2) 26420 :~ 2250 ( • 6.5) 12604 ~ 620 ( • 3) 

aThe figures in parentheses show the degree of activation as compared to controls. Aryl hydrocarbon hydroxylase was determined by the 
method described by KI~OSHITA and GELBOm 2. 
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Table II. Aniline hydroxylase in the nuclei, the nuclear membran.es and the microsomes after induction with phenobarbital (PB), methyl- 
cholanthrene (Me) and pregenolone 16~-carbonitrile (PEN) 

Fraction Treatment 
C PB MC PCN 

(nMoles p-aminophenol/min/mg protein) 

Nuclei 0 0 0 0 
Nuclear membranes 0 0 0 0 
Mierosomes 0.52 ~- 0.02 0.75 ~ 0.06 0.76 ~= 0.07 0.76 • 0.06 

Aniline hydroxylase was determined according to the method of SHENKMAN et a12 

zyme in the  nuclear  m e m b r a n e s  a s compared  to  controls.  
Al though  the  3 subs tances  are s t rong inducers  of micro- 
somal  aniline hydroxylase ,  t h e y  did not  induce th is  
enzyme in e i ther  the  nuclei  or nuclear  membranes .  These 
results  suppor t  the  suggest ion t h a t  the  in t racel lular  
controls  regula t ing the  nuclear  m e m b r a n e  enzymes  upon 
act ion of m e t h y l c h o l a n t h r e n e  differ f rom those  which 
control  and  regulate  the  microsomal  hydroxylaseS,% 

All the  known inducers  of aryl  hydroca rbon  hy d ro x y -  
lase have  been divided into 2 d is t inc t  categories represent -  
ed by  phenoba rb i t a l  and  me thy lcho lan th rene  3, 6. Al though  
microsomes f rom pregnenolone  16a-carboni t r i le-  and 
phenoba rb i t a l - p r e t r ea t ed  ra ts  have  proper t ies  in com- 
mon ~~ differences have  been no ted  3,4, t hus  raising the  
possibi l i ty  of a new ca tegory  of inducers.  In  th is  compara-  
t ive s t u d y  of the  3 inducers,  we were in te res ted  to  know 
whe the r  the  nuclear  hydroxy lases  show di f ferent  speci- 
ficities w i t h  subs t ra tes  such as benzo(a)pyrene  and  
aniline. Our results  concerning  the  induct ion  of nuclear  
aryl  hydroca rbon  hydroxy la se  show t h a t  pregnenolone  
16a-carboni t r i le  is s imilar  to phenoba rb i t a l  and di f ferent  
from methy lcho lan th rene .  All 3 inducers  enhanced  aniline 
hydroxy lase  ac t iv i ty  to the  same ex ten t  in ra t  l iver 
microsomes,  bu t  the  enzyme  was not  induced  in the  
nuclei or nuclear  membranes ,  as shown in Table f I  n.  

Al though the  nuclear  m e m b r a n e s  from phenoba rb i t a l  
and pregnenolone  16e-carboni t r i l e -pre t rea ted  ra ts  show 
comm on  aryl hyd roca rbon  hydroxy lase  ac t iv i ty ,  th is  
does not  preclude the  possible differences in the  metabo l i t e  
profile of a benzo(a )pyrene  subs t ra te  when  incuba ted  

wi th  these  nuclei. RASMUSSEN and  WANG 12 recent ly  
d e m o n s t r a t e d  the  dependence  of the  specific me tabo l i sm 
of benzo(a)pyrene  on the  inducer  of hydroxy lase  act iv i ty .  
F u r t h e r  s tudy  of the  induc t ion  of these  enzymes  in the  
nuclear  m e m b r a n e  is thus  of grea t  impor t ance  in benzo(a)-  
pyrene  carcinogenesis.  

Rdsumd. L'a ry l  hydroca rbu re  hydroxy lase  nucl6aire 
r6pond seu lement  au m6thy lcho lan th r~ne  t and i s  que le 
ph6nobarb i t a l  et  la pr6gn6nolone 16~-carbonitr i l  ne 
l ' a f fec ten t  pas. Les t rois  subs tances  n ' i ndu i sen t  pas 
l 'anil ine hydroxy lase  nucl6aire. Cependan t  elles sont  des 
pu issan ts  induc teurs  de l ' a ryl  et  l 'ani l ine hydroxy lase  
microsomiale.  
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The Relationship Between Metaphase Heterochromatin and Polytene Inversions in Drosophila 
I t  has  long been a cy togene t ic  p rob lem as to the  cir- 

cumstances  under  which  an ex t ra  h e t e r o c h r o m a t i n  
arises ~-3. Recent ly ,  BAIMAI 4 has repor ted  a one- to-one  
correla t ion be tween  an ex t ra  he te rochromat ic  segment  
and ch romosome  invers ions  in chromosome 4 of D. 
dis]uncta. The p resen t  pape r  repor ts  a fu r ther  s t u d y  of 
th is  i m p o r t a n t  problem.  Drosophila ]ormella H a r d y  and  
Kaneshiro ,  a p ic ture-winged  species f rom the  is land of 
Hawaii ,  is a m e m b e r  of t he  D. hawaiiensis group. This  
species exhib i t s  ch romosomal  po lymorph i sm for invers ion 
4]a/k 3. In  part icular ,  the  p rox imal  b reak-po in t  of invers ion 
dk a has appa ren t l y  occurred wi th in  the  area of cen t romer ic  
he t e roch rom a t in  5. The p resen t  work provides  addi t iona l  
evidence which  suppor t s  the  previous f inding of a rela- 
t ionsh ip  be tween  h e t e r o c h r o m a t i n  as de t e rmined  by  
mi to t ic  me taphase  and  a given chromosome inversion as 
seen in the  po ly tene  chromosome.  Such paral lel  chromo-  

somal  changes  can only be de t ec t ed  in mater ia l  where 
bo th  types  of t issue m a y  be s imul taneous ly  examined.  I t  
is hoped  t h a t  the  advanced  hypo thes i s  will, if conf i rmed,  
be of some genet ic  and  evo lu t ionary  interest .  

Materials and methods. In  th is  s tudy,  use was made  of 
the  l abora to ry  s tock No. M87G1 which  was der ived f rom 
an individual  wi ld-caught  female collected f rom Puuwaa-  
waa, N o r t h w e s t  slope of Hualalai ,  Hawai i  (about 1290 
mete r s  a l t i tude)  by  Prof.  H. L. CARSON in December ,  
1969. The s tock has been  ma in t a ined  in the  l abora to ry  a t  
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