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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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Fig. 1. Polytene elements of chromosome 4 of D. ]ormella showing 
heterozygous condition for inversion dj3]k ~ ( • 600). The proximal end 
of the polytene chromosome is indicated by CM. 
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Fig. 2. A diagram of chromosome 4 showing the inversion js (upper) 
and the inversion /# (lower) break-points, and centromerie hetero- 
ehromatin (wavy lines). 

Fig. 3. Photomicrographs of larval ganglion metaphase chromosome 
complements of D. /ormella, • 600. The 4th chromosome pair is 
indicated by arrows in each figure. The metaphase chromosomes of 
larvae with dj~/j 3 gene arrangements (a, b), with 4kS/l# (c, d), and 
with gj3/t# (e, f). Females are shown on the left and males on the right. 

a p p r o x i m a t e l y  18~ E a c h  of a n u m b e r  of t h i r d  i n s t a r  
l a rvae  f rom th i s  l a b o r a t o r y  cu l tu re  was e x a m i n e d  for 
s a l i va ry  gIand  ch ro mo s o mes  a long  w i t h  gangl ion  m e t a -  
phase  p l a t e  in  t i le  s ame  m a n n e r  as t h a t  p rev ious ly  de- 
scr ibed b y  BAIMAI~. 

Resu l t s  a n d  d i scuss ion .  A t o t a l  of 62 l a rvae  f rom tile 
same s tock  of D. [ormel la  were e x a m i n e d  cytological ly.  
The  or ig inal  i sofemale  h a d  b e e n  i n s e m i n a t e d  in n a t u r e  
p r io r  to  c ap t u r e  a n d  was found,  b y  inference  f rom F 1 
la rvae ,  to  be  h e t e ro zy g o u s  for invers ions  4j3/k a (Figures 1 
a n d  2). H o m o z y g o u s  (4j~/j s a n d  4kS/k s) an d  he te rozygous  
(4]'s]k 8) cond i t ions  for  these  c h r o m o s o m e  4 gene a r range-  
m e n t s  h a v e  been  obse rved  in th i s  s t u d y  (Table).  F u r t h e r -  
more,  t h e  h o m o z y g o u s  s t a t e  for t h e  s t a n d a r d  chromo-  
some 4 gene order  ( + / + )  has  been  e n c o u n t e r e d  n e i t he r  
in  n a t u r a l  p o p u l a t i o n s  5 nor  in  t h e  l a b o r a t o r y  in th i s  
s tudy .  This  is p r e s u m a b l y  due to  t h e  fac t  t h a t  the  two  
invers ions  conce rned  are  essent ia l ly  in  t a n d e m .  Re-  
c o m b i n a t i o n  b e t w e e n  these  two  sepa ra t e  sets  of gene 
a r r a n g e m e n t s ,  therefore ,  seems un l ike ly  or ex t r eme ly  
rare.  

M e t a p h a s e  c h r o m o s o m e  f igures  of D. [ormella con ta in  
u n u s u a l l y  large a m o u n t  of h e t e r o c h r o m a t i n  in  au tosomes  
as well  as in  t h e  X c h r o m o s o m e  (Figure 3). The  Y 
c h r o m o s o m e  is obv ious ly  a h e t e r o c h r o m a t i c  J - shape .  The  
do t  ch ro mo s o mes  are  qu i te  large.  A deta i led  ana lys i s  of 
m e t a p h a s e  p la t e s  t o g e t h e r  w i t h  sa l iva ry  ch romosomes  
revea ls  a r e l a t i onsh ip  b e t w een  po ly t ene  ch romosome  4 
gene a r r a n g e m e n t s  a n d  1 d i s t ingu i shab le  pa i r  of au to-  
somes as d e t e r m i n e d  b y  t h e  gangl ion  m e t a p h a s e  figure. 
Thus  a l a r v a  showing  sa l iva ry  c h r o m o s o m e  4~8/j 8 gene 
sequence  possesses one un ique  pa i r  of au tosomes .  These  
are  d e a r l y  cha rac t e r i zed  b y  t h e  absence  of e x t r a  he te ro-  
c h r o m a t i c  s egmen t s  in  c o m p a r i s o n  w i t h  o the r  pa i rs  of 
au tosomes  (Figure 3, a a n d  b, arrows).  On t h e  o the r  
hand ,  a l a r v a  ca r ry ing  t h e  po ly t ene  h o m o z y g o u s  s t a t e  for 
inve r s ion  dkS/k s disp lays  the  g iven  au to some  pa i r  w i th  
d i s t inc t  e x t r a  h e t e r o c h r o m a t i n  po r t i ons  (Figure 3, c and  
d). However ,  a l a r v a  showing  t h e  he te rozygous  cond i t ion  
for invers ion  d]S/k s a lways  exh ib i t s  in  m e t a p h a s e  p la t e  
on ly  I a u t o s o m e  w i t h  v e r y  l i t t l e  cen t romer i c  as seen in t he  
djs/? s gene a r r a n g e m e n t ;  th i s  excep t iona l  ch romosome  is 
p r e s u m a b l y  a homologue  of one  oI t h e  au tosomes  con- 
t a i n i n g  m a r k e d  cen t ro mer i c  h e t e r o c h r o m a t i n  (Figure 3, 
e a n d  f). Such  a c lea r -cu t  r e l a t ionsh ip  is u n i fo rm  in all 
cases e x a m i n e d  (Table).  These  fac ts  h a v e  t h u s  led to the  
conclus ion t h a t  t h e  a u t o s o m e  w i t h  a re la t ive ly  smal l  
a m o u n t  of c e n t r o m e r i c  h e t e r o c h r o m a t i n  is t h e  4 th  
c h r o m o s o m e  which  con t a in s  t h e  ~'s gene order  whereas  t he  
4 th  c h r o m o s o m e  e x h i b i t i n g  t h e  k s gene sequence possesses 
an  e x t r a  h e t e r o c h r o m a t i c  segment .  I t  m a y  be  n o t e d  t h a t  
t h e  c h r o m o s o m e  4 showing  t h e  k a gene a r r a n g e m e n t  has  
t h e  p r o x i m a l  b r e a k - p o i n t  in  t i le  v i c in i ty  of cen t romer i c  
h e t e r o c h r o m a t i n  (Figure  2). Th i s  obse rva t ion  is t h u s  in  
a g r e e m e n t  w i t h  t h e  p rev ious  resu l t s  in  a n o t h e r  H a w a i i a n  
Drosoph i la  species, D. dis~uncta  4. T h e  evidence  f rom the  
p r e s en t  s tudy ,  therefore ,  s t rong ly  suppor t s  t h e  hypo thes i s  
t h a t  a c h r o m o s o m a l  b r e a k  occur r ing  in t h e  ne ighbour -  
hood  of cen t romer i c  h e t e r o c h r o m a t i n  seems, for some 
u n k n o w n  reason,  to  h a v e  a p r o f o u n d  effect  in ev o k i n g  t he  
p r o d u c t i o n  of e x t r a  h e t e r o c h r o m a t i n  in  th i s  region.  In  
v iew of t h e  s t rong  ev idence  t h a t  h e t e r o c h r o m a t i c  D N A  as 
d e t e r m i n e d  b y  sa te l l i t e  D N A  in  m o s t  o rgan i sms  is species 
specific 6-s, c en t romer i c  h e t e r o c h r o m a t i n  m a y  p l ay  a 
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Condition of polytene elements and metaphase plate figures of chromosome 4 of the same larvae of D. ]ormella 
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Polytene gene Metaphase plate condition No. of larvae 
sequence conditiozl 

Female Male 

ja/ja 1 pair of autosomes with very little centromeric heterochromatin 6 5 
k3/k a The same autosome pair demonstrates large blocks of heterochromatin 4 5 
{elks A heteromorphic pair is present and only 1 chromosome shows little centrometie heterochromatin 22 20 

Total 32 30 

s ignif icant  role in evo lu t ionary  d ivers i ty  and  species 
d i f fe ren t ia t ion  t h rough  ch romosomal  r ea r r angemen t s  by  
chromosomal  breaks  and  refusions such as invers ions  and  
t rans locat ions .  Thus  the  idea of t he  ch romosome-b reak  
effect  as ev iden t  in th is  and  in t he  previous  observa t ions  
in Hawa i i an  Drosophila m a y  shed some l ight  on the  
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p rob lem of cons t i tu t ive  he t e rochromat in ,  and  the  
p h e n o m e n o n  m a y  be universal .  

Zusammenfassung. Po l y t an e  Chromosomen  und Meta-  
phasen  der  Gangl ionen yon D. formella-Larven aus Hawai i  
wurden  un te rsuch t .  Die Ergebnisse  un te rs t f i t zen  das 
K o n z e p t  fiber die m6glicherweise wicht igen  zytologischen 
Wi rkungen  des Chromosomenbruches  im Bereich des 
zen t romeren  He te roch roma t ins .  
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R e s p o n s e  of Drosophila pavani, Drosophila gaucha 

Drosophila pavani is a neot ropica l  species t h a t  occurs 
main ly  in Central  Chile, and  its sibling species D. gaucha 
has been  found in Sou thern  Brazil ,  Uruguay ,  Argen t ina  
and Bolivia. The two species over lap the i r  d is t r ibut ional  
area in a small  zone near  San Luis (Argentina).  Crosses 
be tween  the  two species give an a b u n d a n t  hybr id  off- 
spr ing t h a t  is 100% sterile. In  expe r imen t s  on compet i t ive  
abi l i ty  of p re -adul t s  of b o t h  species and  the i r  hybr ids  
under  crowding condi t ions  in t e rms  of food and space, 
it  was found  t h a t  the  egg- to-adul t  survival  of t he  hybr ids  
is h igher  t h a n  t h a t  of the  cor responding  pa ren ta l  species 
when  the  pre -adul t s  are reared alone. W h e n  these  hybr ids  
are b red  toge the r  w i th  the  pa ren ta l  species, there  is a 
s ignif icat ive decrease in the i r  viabil i ty.  On the  o ther  hand ,  
D. pavani and D. gaucha increase the i r  v iab i l i ty  in t he  
presence  of the  hybr ids  1. 

Dur ing  the  pre -adul t  stages, species or geno types  can 
be s u b m i t t e d  to two aspects  of compe t i t ion :  1. Exp lo i t a -  
t ion, the  use by  compe t ing  individuals  of resources in 
shor t  supply,  main ly  food and  space, and  2. In ter ference ,  
the  ha rming  of one or b o t h  species or geno types  l iving 
together ,  or t he  less efficient  use of t he  resources as a 
result  of coexis tence 2,3. A kind of in ter ference  observed 
in the  Drosophila genus is t he  effect of t he  metabol ic  
waste  p roduc t s  over  t he  larval  v iabi l i ty  4,5. Fo r  instance,  
recent  expe r imen t s  in which  D. pavani were reared in 
cul ture media  t h a t  had  previous ly  been  used for the  
g rowth  of larvae of the  same species ( ' condi t ioned '  
medium4-6),  revealed t h a t  D. pavani larval  biot ic  
residues inhib i ted  the  v iabi l i ty  of its own as well as o ther  
species 6. For  the  above reasons,  the  resul ts  observed  when  
D. pavani, D. gaucha, and  the i r  hyb r ids  are p u t  toge the r  
under  compet i t ive  condi t ions ,  canno t  be a t t r i b u t e d  
ent i re ly  to  food or space compet i t ion .  Dur ing  the  course 

a n d  t h e i r  H y b r i d s  to  L a r v a l  B i o t i c  R e s i d u e s  

of inves t iga t ions  in which  the  2 species and  the i r  hybr ids  
were bred  in an excess of food, it  was observed t h a t  
in ter ference  of the  t y p e  descr ibed above also occurs. 

In  the  exper iments ,  groups  of vials conta in ing  10 cm a 
of basic Drosophila food media  were sown each wi th  
100 fert i l ized eggs of e i ther  D. pavani, D. gaucha, or f rom 
females  of each one of the  species in semina ted  by  males  of 
the  o ther  (hybrid  eggs). The larvae were al lowed to  
develop for 5 days  a t  25 ~ and  then  were killed by  placing 
the  vials in a t e m p e r a t u r e  of - -30~ After  al lowing the  
vials to  t h a w  a t  room t e m p e r a t u r e  ( ' condi t ioned '  vials), 
t h e y  were sown each  wi th  100 eggs of t he  same species 
prev ious ly  used for condi t ion ing  the  food media,  or t he  
o the r  species or w i t h  hybr id  eggs. The  to ta l  n u m b e r  of 
eggs t r ans fe r red  in each group was of 1000. Series of 
vials were  set  up concurrent ly ,  con ta in ing  fresh 'non-  
condi t ioned '  cul ture  media ,  and  to  which  were  sown 
i n d e p e n d e n t l y  an equal  n u m b e r  of eggs of the  p a r en t a l  
species or h y b r i d  eggs. All vials were p laced  in a c o n s t a n t  
t e m p e r a t u r e  c h a m b e r  a t  25 ~ and  fresh yeas t  was a d d e d  
every  2 days  in order  to  avoid food compet i t ion .  

The Table  ind ica ted  the  to ta l  n u m b e r  of eggs sown, t he  
n u m b e r  of emerging adults ,  and  the  m e a n  values  of 
v iabi l i ty  per  vial, w i th  the  cor responding  s t a n d a r d  errors. 
I t  is in te res t ing  to  no te  t h a t  the  metabol ic  waste  p ro d uc t s  
of D. pavani, D. gaucha, and the i r  hyb r ids  inh ib i t  t he  
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