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Lack of Cortisone Inhibition of Chromosomal Puffing in Drosophila melanogaster 

GOODMAN, GOIDL a n d  RICHART 1 h a v e  s h o w n  t h a t  l a rvae  
of Sciara coprophila will comple t e  n o r m a l  d e v e l o p m e n t  
w i t h o u t  f o rming  t he  usua l  large  c h r o m o s o m a l  puffs  w h e n  
fed cor t i sone  or  hydroco r t i sone .  N o r m a l  puf f ing  of s a l i v a r y  
g l and  c h r o m o s o m e s  is r e s u m e d  w h e n  l a r v a e  are  t r a n s -  
fer red  b a c k  to  n o r m a l  food, so t h e y  conc lude  t h a t  cor t i sone  
i nh ib i t s  c h r o m o s o m a l  puff ing.  T h e y  also s ta te ,  s o m e w h a t  
ambiguous ly ,  t h a t  ' a l t h o u g h  t h e  f o r m a t i o n  of large  puffs  
is a c o n v e n i e n t  m a r k e r  for  t he  a c t i v i t y  of c e r t a i n  genes,  i t  
does  n o t  a p p e a r  to  be  essent ia l  for  gene ac t ion ' .  Since i t  is 
c o m m o n l y  a s s u m e d  2,3 t h a t  puf fed  c h r o m o s o m a l  regions  
do  ind ica t e  t h e  loci of a c t i v e  genes,  i t  s eemed  w o r t h  check-  
ing t h i s  su rp r i s ing  o b s e r v a t i o n  us ing  a n o t h e r  species, 
Drosophila melanogaster. 

N e w l y - h a t c h e d  Drosophila l a rvae  were  g rown  germ-f ree  
on  def ined  m e d i a  4, c o n t a i n i n g  g r a d e d  doses of cor t i sone  
ace ta t e ,  or  of hyd roco r t i sone .  Lac t i c -ace t i c -o rce in  squashes  
of s a l i va ry  g l a n d  c h r o m o s o m e s  were  made ,  f r o m  e i t h e r  
newly - fo rmed  p re -pupae ,  or  f rom 2- t o  4 -hour -o ld  pre -  
pupae .  Cont ro l s  were  s imi la r ly  p repa red .  No effects  of 
cor t i sone  (or of hydroco r t i sone )  were  found  on  ch r omo-  
somal  puff ing,  up  to  levels  w h i c h  were tox ic  to  m o s t  l a rvae  
(800 m g %  of diet) .  Since p u p a t i o n  was  de layed  b y  2-3  days  
a t  t h i s  h i g h  co r t i sone  c o n c e n t r a t i o n ,  i t  was  poss ib le  t h a t  
t h e  l a r v a e  w h i c h  fai led to  p u p a t e  were  t h e  ones  n o t  showing  
puffs.  P r e p a r a t i o n s  were the re fo re  m a d e  f rom la te  t h i r d  
i n s t a r  la rvae ,  a n d  f rom l a rvae  w h i c h  h a d  been  g rown  for  
t h e  f i rs t  2 i n s t a r s  on  n o r m a l  m e d i a  before  be ings  t r a n s -  

fer red  to  c o r t i s o n e - c o n t a i n i n g  food. I n  all  cases s a l i va ry  
puf f ing  was  found,  b u t  t h e  puf f ing  p a t t e r n s  were some-  
w h a t  er ra t ic ,  as m i g h t  be  expec t ed  of l a rvae  w h i c h  showed  
a sp read  of d e v e l o p m e n t  t i m e s  ~,e. GOODMAN e t  al. 1 fed 
co r t i sone  a c e t a t e  a t  t h e  h i g h  r a t e  of a b o u t  6 g % ,  w h i c h  is 
n e a r l y  a n  o rde r  of m a g n i t u d e  g r ea t e r  t h a n  t h e  a m o u n t  
Drosophila will to le ra te .  Fa i l u r e  to  r e p e a t  t h e i r  obse rva -  
t ion  m a y  be  due  to th i s  species difference.  

Rdsumd. L ' a d m i n i s t r a t i o n  de cor t i sone  (ou d ' h y d r o -  
cor t i sone)  ~t des  l a rves  Drosophila n ' i n h i b e  p a s t e  b o u r g e o n -  
n e m e n t  n o r m a l  des  c h r o m o s o m e s  de  leurs  g l andes  sali- 
vaires .  Toutefois ,  la  q u a n t i t 6  de cor t i sone  que  ces l a rves  
p e u v e n t  to l6rer  est  e n v i r o n  1/10 de celle qui  s u p p r i m e  le 
b o u r g e o n n e m e n t  chez  les l a rves  Sciara. 
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Ontogenic Development and Anatomical Distribution of a Supernumerary Limb-Inducing Factor 

I n  1952 BREEDIS showed  t h a t  Rana pipiens r ena l  
a d e n o c a r c i n o m a s ,  i m p l a n t e d  i n to  t h e  u n a m p u t a t e d  fore-  
l i m b  of t h e  n e w t  ( T r i t u r u s  viridescens), i nduce  t h e  fo rma-  
t i on  of s u p e r n u m e r a r y  l imbs  1. L a t e r  b o t h  RUBEN and  
CARLSON h a v e  o b t a i n e d  h i g h  pe r cen t ages  of s u p e r n u m e r a r y  
g r o w t h  in n e w t s  b y  i m p l a n t a t i o n  of pieces of n o r m a l  frog 
k i d n e y  ~,3, a n d  RUBEN h a s  f u r t h e r  s h o w n  t h a t  frog ca r t i l age  
a n d  l iver  s t i m u l a t e  r e l a t ive ly  low p e r c e n t a g e s  of accessory  
s t r u c t u r e s  whereas  i m p l a n t s  of muscle ,  sk in  a n d  sc ia t ic  
n e r v e  are  essen t i a l ly  inef fec t ive  4,s. T he  p r e s e n t  exper i -  
m e n t s  descr ibe  t h e  d e v e l o p m e n t  of t he  c a p a c i t y  of f rog 
k i d n e y  to  i nduce  s u p e r n u m e r a r y  l imbs  a n d  f u r t h e r  exp lore  
t he  a n a t o m i c a l  d i s t r i b u t i o n  of t h i s  i n d u c i n g  capac i ty .  

Methods. Tissues  t a k e n  f rom R. pipiens or Hyla versicolor 
were  i m p l a n t e d  in to  a d u l t  n e w t s  (T. viridescens) f r o m  
P e t e r s h a m ,  Massachuse t t s .  D o n o r  frogs were  c a u g h t  in  
M i n n e s o t a  a n d  Michigan .  T he  R. pipiens donor s  were  
s t aged  acco rd ing  to  TAYLOR a n d  KOLLROS 6. G r a f t  t i s sues  
i nc luded  k idney ,  ta i l  muscle ,  u r i n a r y  b l a d d e r  a n d  in tes t ine .  
Af t e r  t h e  n e w t s  were a n e s t h e t i z e d  in 1 : 1000 MS 222, 1 m m  3 
pieces  of t i s sue  were  p laced  i n to  t u n n e l s  m a d e  u n d e r  t h e  
sk in  of t h e  u p p e r  a r m s  in  t h e  m a n n e r  p r e v i o u s l y  desc r ibed  7 
All l imbs  were ser ia l ly  sec t ioned  a n d  e x a m i n e d  micro-  
scopical ly.  

Results. As s h o w n  in Tab le  I, t h e  i n d u c t i v e  ab i l i t y  of 
k i d n e y  i m p l a n t s  p rogress ive ly  increases  as t h e  a n i m a l  
m a t u r e s .  F r o m  a 47 .8% i n d u c t i v e  r a t e  a t  s t age  V I I I ,  a n  
a d u l t  level  of i n d u c t i v e  a b i l i t y  is r e a c h e d  b y  s t age  X I X .  
S tage  X I X  r e p r e s e n t s  t h e  b e g i n n i n g  of t h e  r a p i d  p h a s e  of 
m e t a m o r p h o s i s  d u r i n g  wh ich  t he  ful ly fo rmed  f r o n t  l imbs  
b r e a k  t h r o u g h  t h e  sk in  w i n d o w  cove r ing  t h e m ,  a n d  t he  
ta i l  beg ins  i t s  r ap id  resorp t ion .  

I n  v iew of t h e  n u m e r o u s  re fe rences  in  t h e  l i t e r a t u r e  
w h i c h  e m p h a s i z e  t h e  i m p o r t a n c e ,  or  a t  l eas t  t h e  p r o m i -  
nence  of p ro teo lys i s  in  ea r ly  s tages  of r egene ra t ion ,  resorb-  
ing ta i l  t i s sue  t a k e n  f rom m e t a m o r p h o s i n g  t adpo le s  was  
used  as i m p l a n t  m a t e r i a l  (Tab le  II)8-10. R e s o r b i n g  ta i l  
t i s sue  is c h a r a c t e r i z e d  b y  v e r y  h i g h  c a t h e p t i c  a c t i v i t y  11. 
T issues  f rom p r e m e t a m o r p h i c  Rana ta i l s  p r o v e d  to  be  a n  
e x t r e m e l y  poo r  s t i m u l u s  for  s u p e r n u m e r a r y  g r o w t h  where -  
as  t i ssue  f rom s tages  of a d v a n c e d  r e s o r p t i o n  ( X X  a n d  
X X I I I )  was  essen t ia l ly  inac t ive .  These  l a t t e r  s t ages  corre-  
spond  to  t hose  s tages  in  w h i c h  WEBER n o t e d  t h e  h i g h e s t  
c a t h e p s i n  a c t i v i t y  in  Xenopus 11. Tai l  t i s sue  f rom m e t a -  
m o r p h o s i n g  Hyla h a d  no  i n d u c t i v e  ab i l i ty .  

I n  a f u r t h e r  e x p l o r a t i o n  of t h e  d i s t r i b u t i o n  of i n d u c t i v e  
capac i ty ,  pieces of u r i n a r y  b l a d d e r  were  used  as  i m p l a n t s  
(Tab le  I I I ) .  The  i n d u c t i v e  p e r c e n t a g e s  were  as  h i g h  as  
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t h o s e  o f  n o r m a l  f r o g  k i d n e y .  A f t e r  s e p a r a t i o n  o f  t h e  
e p i t h e l i u m  f r o m  t h e  r e m a i n d e r  o f  t h e  b l a d d e r  wa l l ,  p i e c e s  
o f  e a c h  c o m p o n e n t  w e r e  i m p l a n t e d .  T h e  e p i t h e l i a l  p a r t  
w a s  t h e  s t r o n g e r  i n d u c e r .  F i n a l l y ,  p i e c e s  o f  i n t e s t i n a l  w a l l  
t a k e n  c lose  t o  t h e  c l o a c a  i n d u c e d  a h i g h  p e r c e n t a g e  o f  
s u p e r n u m e r a r y  g r o w t h .  

D i s c u s s i o n .  T h e  i n c r e a s i n g  c a p a c i t y  o f  t a d p o l e  k i d n e y  
t i s s u e  t o  s t i m u l a t e  s u p e r n u m e r a r y  g r o w t h  a s  m a t u r a t i o n  
p r o c e e d s  s u g g e s t s  t h e  d i f f e r e n t i a t i o n  o r  t h e  q u a n t i t a t i v e  
c o n c e n t r a t i o n  o f  s o m e  c o m p o n e n t  o f  r e n a l  t i s s u e  w h i c h  is  
p r e s u m a b l y  r e s p o n s i b l e  for  i t s  i n d u c t i v e  p r o p e r t i e s .  I t  is 
di [ f i cu l t  t o  c o r r e l a t e  t h i s  i n c r e a s e  in  i n d u c t i v e  a b i l i t y  w i t h  

a n y  o f  t h e  k n o w n  e v e n t s  r e l a t e d  t o  m e t a m o r p h o s i s  i t s e l f  
for  t h e  a d u l t  i n d u c t i v e  c a p a c i t y  is  a l r e a d y  a t t a i n e d  b y  
s t a g e  X I X .  T h i s  o c c u r s  n o t  o n l y  b e f o r e  t h e  p e r i o d  o f  r a p i d  
e x t e r n a l  c h a n g e  o f  f o r m  in  m e t a m o r p h o s i s ,  b u t  a l so  b e f o r e  
t h e  d r a m a t i c  s h i f t  f r o m  a n  a m m o n o t e l i c  t o  t h e  u r e o t e l i c  
m o d e  of  n i t r o g e n  e x c r e t i o n  c h a r a c t e r i s t i c  o f  t h e  a d u l t  1~.. 
A l t h o u g h  l i t t l e  w o r k  h a s  b e e n  d o n e  o n  t h e  m o r p h o l o g y  o f  
t h e  f r o g  k i d n e y  d u r i n g  m e t a m o r p h o s i s ,  n o  d r a m a t i c  
c h a n g e s  h a v e  b e e n  n o t e d .  I t  is  q u i t e  u n l i k e l y ,  h o w e v e r ,  
t h a t  t h e  c h a n g i n g  i n d u c t i v e  p o t e n t i a l  w o u l d  b e  d u e  t o  

:t~ A. F. MUNRO, gioehem. J. 33, 1957 (1939). 

Table I. Response of newt limbs to implants of kidney tissue from various developmental stages of R. pipiens 

Developmental Supernumerary growth Cartilage proliferation No growth 
stage of donor on bone only 
(TAYLORand No. of l imbs (%) No. of l imbs (%) No. oflinlbs (%) 
KOLLROS) 6 

Totals 

No. of limbs % Total 
growth 
responses 

X 2 

P 

VIII 7 30.4 4 17.4 12 52.2 23 47.8 < 0.005 
IX 2 40.0 1 20.0 2 40.0 5 60.0 • 0.02 
XIV 7 43.8 3 18,8 6 37.5 16 62.5 ~ 0.005 
XIX 21 77.8 4 14.8 2 7.4 27 92.6 ~ 0.9 
Adult 235 86.7 13 4.8 23 8.5 271 91.5 - 

Table II. Response of newt limbs to implants of tail muscle from metamorphosing R. pipiens and H. versicolor 

Species and Supernumerary Cartilage proliferation No growth 
developmental stage growth on bone only 

NO. of (%} NO. of (%) No. of 
limbs limbs limbs 

(%) 

Totals 

No. of 
limbs 

% Total growth 
responses 

R. pipiens stage X 2 11.1 1 5.6 15 83.3 18 16.7 

R. pipiens st age X X 0 0.0 1 5.5 17 94.5 18 5.5 

R. pipiens stage X X I I I  0 0.0 0 0.0 18 100.0 18 0.0 

H. versicolor 0 0.0 0 0.0 t 0 100.0 10 0.0 
Tadpole, hind legs present, no 
fore limbs, tail intact  

H. versicolor 0 0.0 0 0.0 14 100.0 14 0.0 
metamorphosing;  tail ahnost  all 
resorbed, implants  from black 
portion of tail 

Table III.  Response of newt l imbs to implants  of various tissues frmu R. pipiens 

Tissue Supernumerary Cartilage proliferation No growth 
growth on bone only 

No. of (%) No. of (%) No. of 
limbs limbs limbs 

(%) 

Totals 

No. of 
limbs 

% Total growth 
responses 

Urinary bladder, stage XXII  7 

Urinary bladder, adult  25 

Urinary bladder 7 
Adult, mucosa 

Urinary bladder 2 
Adult,  wall 

Intestine 9 
Adult, adjacent to cloaca 

63.3 0 0.0 4 36.4 11 63.(~ 

92.6 0 0.0 2 7.4 27 92.6 

70.0 0 0.0 3 30.0 10 70.0 

28,6 0 0.0 5 71.4 7 28.6 

90.0 0 0.0 1 10.0 10 90.0 
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s o m e t h i n g  pecu l i a r  to  t h e  k i d n e y  alone,  for t h e  ab i l i t y  to  
s t i m u l a t e  s u p e r n u m e r a r y  g r o w t h  is n o t  conf ined  to  r ena l  
t issue.  

T h e  d a t a  on  t h e  a n a t o m i c a l  d i s t r i b u t i o n  of t h e  i n d u c i n g  
f ac to r  a re  i n s t ruc t i ve .  F r o m  these  a n d  p rev ious  exper i -  
m e n t s ,  some t y p e  of a p a t t e r n  is b e g i n n i n g  to  emerge .  
M a n y  of t h e  t yp ica l  c o m p o n e n t s  of e x t r e m i t i e s  (skin, 
muscle ,  n e r v e  a n d  r e so rb ing  tai l)  a re  essen t i a l ly  l ack ing  in  
i n d u c t i v e  ab i l i ty .  Car t i l age  ha s  m o d e r a t e  ab i l i ty ,  b u t  t h i s  
m a y  be  a t i ssue  specific i nduc t ion .  Of t h e  i n t e r n a l  o rgans  
t es ted ,  l iver  ha s  s l igh t  i n d u c t i v e  powers ,  b u t  t h i s  c a p a c i t y  
is h igh ly  deve loped  in k idney ,  u r i n a r y  b l a d d e r  a n d  i n t e s t i ne  
in t h e  region of t h e  cloaca.  On  t h e  bas is  of th i s  d i s t r i b u t i o n  
as well  as t he  d a t a  on  t he  d e v e l o p m e n t  of i n d u c i n g  c a p a c i t y  
in k idney ,  i t  would  be  of i n t e r e s t  to  f u r t h e r  t e s t  2 h y p o -  
theses .  F i rs t ,  t h e r e  m a y  be  some c o m m o n  d e v e l o p m e n t a l  
a ssoc ia t ion  of t i s sues  possess ing  i n d u c t i v e  abi l i ty ,  or 
second,  t h e  f ac t  t h a t  t h i s  c a p a c i t y  seems  to  be  m o s t  con-  

c e n t r a t e d  in exc re to ry  o rgans  b u t  n o t  a l t o g e t h e r  l ack ing  
in o t h e r  t i s sues  m a y  ind i ca t e  a c o n c e n t r a t i o n  of a sub-  
s t ance  p r o d u c e d  t h r o u g h o u t  t h e  body .  These  poss ib i l i t ies  
are  c u r r e n t l y  b e i n g  t e s t e d  13. 

BHB0~IbL HHIlyKTHBHafl CHOC06HOCT6 II0qKH aflrymKH 
yBe~HqTBaeTc~t B TeqeHHH OHTOreHe3a. Y TKaHei~ M0qeBbl- 
B0~UIHX nyTefi H KHmKH eCTb 6onbma~ HH~yKTHBHa~ CnOCO6- 
H0CTb H0 y ~Ipyrnx TKane~ ne3HaqnTeJIbHa~ HH,~yKTHBHafl 
cn0c06H0CTb. 
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U l t r a s t r u c t u r a l  C h a n g e s  in  the  Y e a s t  Candida lipolytica C a u s e d  by  P e n e t r a t i o n  of  H y d r o c a r b o n s  in to  
the  Cell  

A n u m b e r  of p a p e r s  h a v e  been  d e v o t e d  to  t h e  f i rs t  s tages  
of d e g r a d a t i o n  of h y d r o c a r b o n s  b y  yeas t s  or b y  o t h e r  micro-  
o rgan i sms  1 b u t  no  e x p e r i m e n t a l l y  f ounded  e x p l a n a t i o n  
exis ts  w i t h  r ega rd  to  t h e  c o n t a c t  of t he  mic rob ia l  e n z y m e s  
w i t h  t h e  h y d r o c a r b o n .  

I n  our  f i rs t  p a p e r  we descr ibed  t h e  f ac t  t h a t  d u r i n g  
c u l t i v a t i o n  of t he  y e a s t  Candida lipolytica on h e x a d e c a n e  

or  on  gas  oil t h e  h y d r o c a r b o n s  pass  t h r o u g h  t h e  cell wal l  
a n d  are  c o n c e n t r a t e d  on  t h e  cy t o p l a s mi c  m e m b r a n e  ~. 
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Glucose Hydrocarbons 

Fig. 1. Schematic picture of an ultrathin section of Candida lipolytica brane; cw, cell wall; er, endoplasmic reticulum; fv, fat vacuoles; 
grown on glucose or hydrocarbon medium, cm, cytoplasmic mem- gl, glycogen; mi, mitochondria; nu, nucleus. 


