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scope equ ipped  w i t h  in te r fe rence  c o n t r a s t  opties~ Fo r  
e lec t ron  microscopy,  smal l  slices of skin were immersed  
in 2% osmic acid dissolved in a cacody la t e -bu f fe red  
R inge r  of 1180 mosm.  T h i n  sec t ions  were p h o t o g r a p h e d  
on  a Ph i l i p s  301. 
Results. I n  i so la ted  skin  t h e r e  is a cons iderab le  m easu re  
of s p o n t a n e o u s  a c t i v i t y  of c h r o m a t o p h o r e s :  phas ic  a n d  
ton ic  e x p a n s i o n  as well  as a c t i v i t y  progress ive ly  sp read ing  
over  a d i s t ance  can  be  obse rved  up  to severa l  hou r s  a f t e r  
t he  r e m o v a l  of sk in  samples .  Th i s  p h e n o m e n o n  offers an  
exce l l en t  poss ib i l i ty  for t he  s t u d y  of t h e  o rgan iza t i on  a n d  
f u n c t i o n i n g  of c h r o m a t o p h o r e  organs.  
T h e  c h r o m a t o p h o r e s  are a r r a n g e d  in 4 or 5 d i f fe ren t  
layers  n .  The  lowest  one is occupied  b y  v e r y  small ,  f a in t  
yel low c h r o m a t o p h o r e s ,  wh ich  h a v e  a n  incomple t e  set  of 
muscle  or none  a t  al l ;  we suppose  t h a t  these  are  t he  
y o u n g e s t  m e m b e r s  of a p o p u l a t i o n  w i t h  c o n t i n u o u s  
p ro l i fe ra t ion  a n d  loss, because  we regu la r ly  f ind  degen-  
e r a t i ng  c h r o m a t o p h o r e s  in t he  t op  layer  1~. S p o n t a n e o u s  
a c t i v i t y  of c h r o m a t o p h o r e s  in  i so la ted  skin, and  m o s t  
p r o b a b l y  all  a c t i v i t y  in i n t a c t  skin,  is r e s t r i c t ed  to  t he  2 
or 3 layers  b e t w e e n  t he  p r e s u m e d  ge rm layer  a n d  t he  
d e g e n e r a t i n g  layer .  As can  be  obse rved  u n d e r  t he  micro-  
scope, d iscre te  g roups  of c h r o m a t o p h o r e s  e x p a n d  a n d  
c o n t r a c t  s y n c h r o n o u s l y  or a l m o s t  s y n c h r o n o u s l y  whi le  
o the r s  r e m a i n  si lent .  
I t  was  n o t  found,  un t i l  we used  in te r fe rence  microscopy,  
t h a t  those  c h r o m a t o p h o r e s ,  w h i c h  ope ra t e  s y n c h r o n o u s l y  
or  n e a r l y  synchronous ly ,  are al l  i n t e r c o n n e c t e d  hor izon-  
t a l l y  b y  t h e i r  musc les  (figure);  f r e q u e n t l y  t he  musc les  
spl i t  i n to  2 or more  b ranches .  I t  is d i f f icul t  to  d e t e r m i n e  
t he  d imens ion  of i n d i v i d u a l  muscles,  b u t  du r ing  t h e i r  
c o n t r a c t i o n  i t  can  be  seen t h a t  t h e y  t e r m i n a t e  e i the r  on  
o t h e r  c h r o m a t o p h o r e s  or on  o t h e r  c h r o m a t o p h o r e  m u s -  
cles. T h e y  can  fo rm e l abo ra t e  p a t t e r n s  of c o n n e c t i v i t y  
b e t w e e n  severa l  c h r o m a t o p h o r e s .  
A l t h o u g h  we were u n a b l e  to  d e t e r m i n e  all  t h e  connec t ions  
of a n y  p a r t i c u l a r  c h r o m a t o p h o r e ,  we e s t ima te  t h a t  each  

one  is connec t ed  d i rec t ly  w i t h  8-14  o the r  c h r o m a t o p h o r e s ,  
p e r h a p s  even  more.  The re  is a p p a r e n t l y  no ve r t i ca l  con-  
nec t ion  b e t w e e n  c h r o m a t o p h o r e s  of d i f fe ren t  layers.  All  
species i n v e s t i g a t e d  show c h r o m a t o p h o r e  l ink.  
Discussion. The  f ind ing  t h a t  c h r o m a t o p h o r e s  in cepha lo-  
pods  are  connec t ed  b y  muscles ,  does n o t  f u n d a m e n t a l l y  
conf l ic t  w i t h  ear l ier  phys io logica l  ev idence ;  however ,  in  
some po in t s  t he  p ic tu re  m u s t  be  rev i sed :  
a) A l t h o u g h  t he  c h r o m a t o p h o r e  muscle  is an  i n d e p e n d e n t  
f u n c t i o n a l  entity4,5,10, c h r o m a t o p h o r e s  c a n n o t  be -ope r -  
a t ed  ind iv idua l ly ,  because  t h e y  are l inked.  As one  can  
obse rve  d i rec t ly  u n d e r  t h e  microscope,  t he  full  e x p a n s i o n  
of 1 c h r o m a t o p h o r e  invo lves  a u t o m a t i c a l l y  t he  pa r t i a l  
expans ion  of a p p r o x i m a t e l y  10 n e i g h b o u r i n g  c h r o m a t o -  
phores .  
b) S p o n t a n e o u s  progress ive  sp read  of c h r o m a t o p h o r e  ex-  
p a n s i o n  in i so la ted  skin  (or d y i n g  or d e n e r v a t e d  skin  9,13) 
can  now be  r e a s o n a b l y  exp l a ined  : in l iv ing  skin t h e r e  is a 

p h y s i o l o g i c a l  ba r r i e r  to  p r e v e n t  exc i t a t i on  t r ans f e r  f rom 
one muscle  to  t he  o the r  4. P o s t  m o r t e m ,  the  m e m b r a n e  
res i s t ance  is lowered a n d  exc i t a t i on  can  cross a t  myo-  
m u s c u l a r  junc t ions ,  t r a v e l l i n g  a long t h e  muscu l a r  ne t -  
work  over  cons iderab le  areas.  (This p h e n o m e n o n  was  
n a m e d  ' W o l k e n w a n d e r n '  or  w a n d e r i n g  clouds b y  Hof-  
m a n n . )  
c) As sugges ted  b y  P a c k a r d  14, t he  cons i s t ency  of colour  
p a t t e r n s  in Octopus m a y  be  due  to the  p a t t e r n e d  d i s t r i bu -  
t i on  of c h r o m a t o p h o r e  nerves .  However ,  i t  c a n n o t  be  
ru led  ou t  now t h a t  m u s c u l a r  l ink  as well  can be  a bas i s  
for t he  cons i s t ency  of colour  p a t t e r n s  in cephalopods .  
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Summary. S q u a m o u s  m e t a p l a s i a  of t he  m a m m a r y  e p i t h e l i u m  was  obse rved  in h u m a n  b r e a s t  t issue m a i n t a i n e d  in long- 
t e r m  o rgan  cul ture .  The  p h e n o m e n o n  occur red  on ly  in the  s y n t h e t i c  m e d i u m  199 w i t h  Ea r l e ' s  salts .  I n su l in  a n d / o r  
glucose e n r i c h m e n t  e n h a n c e d  i ts  occurrence.  

L ' a p p a r i t i o n  de ph6nom~nes  de m6tap las i e  s q u a m e u s e  
ou m a l p i g h i e n n e  dans  l '6pi th61ium m a m m a i r e  m a i n t e n u  
en  cu l tu re  o r g a n o t y p i q u e  a 6t6 r a p p o r t 6 e  dans  d i f f6rentes  
o b s e r v a t i o n s  1-5. E n  ce qui  concerne  la g lande  m a m m a i r e  
h u m a i n e  les cond i t i ons  dans  lesquelles  a p p a r a i t  la 
m6 tap la s i e  n ' a  pas  6t6 6tudi6e.  Au cours  d ' u n  t r a v a i l  
p o r t a n t  sur  le m a i n t i e n  en  survie  ~ l ong - t e rme  e t  l ' in -  
f luence d ' a d d i t i f s  h o r m o n a u x  sur  la g lande  m a m m a i r e  
h u m a i n e  adu l t e  no r m a l e  e t  au  repos  nous  avons  observ6  
ces p h 6 n o m ~ n e s  d a n s  des cond i t ions  de cu l tu re  pr~cises. 
Le b u t  de ce t t e  c o m m u n i c a t i o n  es t  de p r6sen te r  les 
f ac teu r s  phys i co -ch imiques  qu i  i n t e r v i e n n e n t  d a n s  la 
gen~se de la m6tap las i e  m a l p i g h i e n n e  darts la g lande  
m a m m a i r e  h u m a i n e  explan t6e .  

Mdthodes. Le mat6r ie l  d ' 6 t u d e  a consis t6  en du  t issu  
m a m m a i r e  p r o v e n a n t  de 13 f emmes  (age m o y e n  : 30, 5 ans) 
soumises  ~ une  i n t e r v e n t i o n  de cor rec t ion  chi rurgica le .  
N o u s  avons  cul t iv6  u n  t o t a l  de 5000 exp lan t s  pa r  im-  
mers ion  dans  le mil ieu s y n t h 6 t i q u e  199, que nous  a v o n s  
uti l is6 d a n s  les formules  de Ear le  e t  de Hanks .  La  diff6- 
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Incidence de la m6taplasie ~pidermoi'de 

Milieu de culture Poureentage 
d'explants 

199 (Earle) non-enrichi 
199 (Earle) + insuline 5 [xg/ml 
199 (Earle) + glucose 5 mg]ml 
199 (Earle) + insuline 5 [zg/ml 

+ glucose 5 mg/ml 

2.8 
25.6 
17.6 

14.3 

rence  p r inc ipa le  en t r e  ces 2 p r 6 p a r a t i o n s  concerne  leur 
c o n c e n t r a t i o n  de NaHCOn, qui  es t  r e s p e c t i v e m e n t  de 
2,2 e t  0,35 g/1. Cer ta ins  addi t i f s  o n t  ~t6 a jou t6s  au  mil ieu 
199 de base,  en  l ' occurence  de l ' insu l ine  (5 ~g/ml) e t /ou  
du  glucose ( concen t r a t i on  f inale  de 5 mg/ml) .  Les cu l tu res  
o n t  6t~ fa i tes  p a r  immers ion .  Des p r~ l~vements  o n t  6t6 
effectu~s c h a q u e  jour  au  cours  d ' u n e  p6r iode de 25 jours .  
Le mil ieu de cu l tu re  6 ta i t  renouvel l~  tous  les 3 jours .  
Rdsultats. La  m6tap las i e  p a v i m e n t e u s e  de l '6pi th61ium 
m a m m a i r e  n ' a  6t6 observ~e que  lors de l ' u t i l i s a t ion  du  
mi l ieu  199 pr6par6  selon la fo rmule  de Ear le  (NaHCO3: 
2,2 g/l). L ' i nc idence  globale  du  ph~nom~ne  a t t e i g n a i t  
15,5 • 5 ,7% (DS) des exp lan t s .  Son a p p a r i t i o n  la plus  
pr6coce fu t  not6e  dgs le 4e jour  de cu l t u r e ;  en m o y e n n e  
la  da t e  d ' a p p a r i t i o n  la plus  f r6quen te  6 ta i t  s i tu~e a u x  
env i rons  du  12e jour.  L ' i n f luence  des addi t i f s  au milieu 
( tableau)  m o n t r e  que  l ' a p p o r t  d ' i n su l ine  e t /ou  de glucose 
favor ise  de fagon h a u t e m e n t  s igni f ica t ive  t ' a p p a r i t i o n  de 
la m6tap las i e  p a r  r a p p o r t  a u x  cond i t ions  basa les  en  
mil ieu non-enr ich i .  Les p o u r c e n t a g e s  e n t r e  les 3 mi l ieux  
enr ich is  ne d i f fbren t  pas  de fagon s t a t i s t i q u e m e n t  
s igni f ica t ive .  

Discussion. La  g lande  m a m m a i r e  h u m a i n e  exp lan t~e  n ' e s t  
pas  la seule A p r6sen te r  des ph6nom~nes  de m6tap las i e ;  
la g l ande  de r o n g e u r  r6ag i t  de ce t t e  faqon en  pr6sence  de 
7 ,12 -d ime thy lbenz  (a) a n t h r a c e n e  n. D a n s  l '6pi th61ium b ron -  
ch ique  exp l an t6  le d6fici t  en  v i t a m i n e  A es t  u n  f ac t eu r  
6t iologique% l ' a d d i t i o n  de v i t a m i n e  A emp~che  le ph6no-  
m~ne 7. Nous  pensons  que  ce f ac t eu r  n ' i n t e r v i e n t  pus  dans  
la g l ande  m a m m a i r e  pu i sque  le mil ieu 199 c o n t i e n t  0,1 
mg/1 de v i t a m i n e  A; or ce t te  c o n c e n t r a t i o n  suff i t  
emp6che r  la m6tap las i e  d a n s  les b r o n c h e s  7. 
Si nos  o b s e r v a t i o n s  p e r m e t t e n t  de pense r  que  le p i t  joue  
u n  r61e, il f au t  tou te fo i s  env i sage r  l ' in f luenee  des m6ca-  
n i smes  de r 6 p a r a t i o n  d o n t  la m6 tap la s i e  p a v i m e n t e u s e  
es t  consid6r6e c o m m e  le t 6 m o i n  8. La  m6tap la s i e  e t  la 
k6 ra t i n i s a t i on  i m p l i q u e n t  u n  t a u x  de mi toses  su f f i san t  
pou r  p rodu i re  assez de cellules capap les  de c o n s t i t u e r  u n  
sy t~me  de f o r m a t i o n  de k & a t i n e  ~. D a n s  la t r ach6e  la syn-  
th~se d ' A D N  es t  n o t a b l e m e n t  accrue  d a n s  les foyers  de 
m6tap la s i e  en cu l tu re .  I1 es t  a c t u e l l e m e n t  b ien  6 tab l i  que 
l ' insu l ine  joue un  r61e duns  la syn th~se  d ' A D N  et  la 
d iv i s ion  cellulaire des t i ssus  en cul ture .  Nos obse rva t i ons  
c o n f i r m e n t  le r61e s t i m u l a n t  de l ' e n r i c h i s s e m e n t  insuli-  
n ique  e t /ou  glucos6 sur  l ' a p p a r i t i o n  de la m~tap las ie  duns  
l '6pi th61ium m a m m a i r e  explant6 .  Toutefois ,  le p H  du 
mil ieu cons t i t ue  u n  fac teu r  d 6 t e r m i n a n t  pu i sque  d a n s  les 
mSmes cond i t ions  d ' e n r i c h i s s e m e n t  insul ino-glucos6 la 
m6tap las i e  n ' a p p a r a ] t  j a m a i s  en  mil ieu 199 de Ear le .  

6 H. Fell, Vitam. Horm. 22, 81 (1964). 
7 A.C. Marchok, M. V. Cone et P. Nettesheim, Lab. Invest. 33, 451 

(1975). 
8 A.C. Riches, P. A. M. Shipman, V. Littlewood, L. Donaldson et 

G. H. Thomas, in: Human tumours in short term culture, p. 227. 
Academic Press, Londres 1976. 

9 N.K.  Wessels, Expl Cell Res. 30, 36 (1963). 

Effect of indole-3-acetic acid on the kinetics of horseradish peroxidase catalyzed scopoletin oxidation 
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Summary. The  k ine t ics  of ho r se rad i sh  pe rox idase  ca ta lyzed  scopole t in  ox ida t i on  were obse rved  to be  s igmoidal .  The  
a p p a r e n t  KmS for scopole t in  is 0.9 mM. I n h i b i t i o n  of scopole t in  ox ida t i on  b y  indole-3-acet ic  acid (IAA) appea r s  to  
be  n o n  compe t i t i ve .  N on  c o m p e t i t i v e  i n h i b i t i o n  b y  I A A  suggests  a more  s ign i f ican t  role of t he  pe rox idase  p ro te in  
m a t r i x  in  r egu la t i ng  t he  a c t i v i t y  of t he  h e m e  moie ty .  

The  i n t e r e s t  in phys io log ica l  s u b s t r a t e s  for pe rox idase  
inc ludes  scopolet in ,  a n a t u r a l l y - o c c u r r i n g  c o u m a r i n  wh ich  
h a s  been  shown  to i n h i b i t  g r o w t h  in t obacco  seedlings s. Al- 
t h o u g h  Andreae  3 f i rs t  d e m o n s t r a t e d  scopole t in  o x i d a t i o n  
b y  c rude  I A A  oxidase  p r e p a r a t i o n s  of p o t a t o  t issue in 1952, 
i t  was  t h e  work  of I m b e r t  a n d  Wi lson  4 on  t he  m o d u l a t i o n  
of g r o w t h  h o r m o n e  degrad ing  a c t i v i t y  ( IAA oxidase) b y  
scopole t in  t h a t  ha s  led to severa l  s tud ies  of the  i n t e r ac t i on  
of scopole t in  a n d / o r  I A A  w i t h  peroxidases .  Sirois and  
Miller  5 p o s t u l a t e d  m e c h a n i s m s  to  exp la in  t he  non- l inea r  
c o m p e t i t i v e  n a t u r e  of i n h i b i t i o n  of I A A  oxidase  a c t i v i t y  
b y  scopole t in  and  d e m o n s t r a t e d  t he  o x i d a t i o n  of scopole t in  
in  t h e  presence  of I A A  b y  ho r s e r ad i s h  peroxidase .  
S igmoida l  k ine t i c s  were s h o w n  for  t he  ox ida t i on  of 
scopole t in  in  t he  absence  of I A A  b y  tobacco  t i ssue  
cu l tu re  i soperoxidase  A36, b u t  a f t e r  more  ex tens ive  
inves t iga t ion ,  th i s  e n z y m e  was s h o w n  to con t a in  on ly  

a single subun i t ,  a l t h o u g h  m a n y  of t h e  cha rac te r i s t i c s  
of s u b s t r a t e  coopera t ive  effects or ' a l los te r i sm '  were 
obse rved  v. T h e  k ine t ics  of scopole t in  ox ida t i on  b y  horse-  
r ad i sh  pe rox idase  were s tud ied  a n d  t h e  effects of IAA 
u p o n  these  k ine t ics  were e v a l u a t e d  to p r o b e  the  mecha -  
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