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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 .  
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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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nist ic na tu re  of pe rox idase / IAA/scopo le t in  in terac t ions .  
Methods and materials.  Horse rad i sh  peroxidase  (HRP)  
was ob ta ined  f rom Sigma Chemical  Co. H R P  t y p e  VI  
had  an RZ value of 2.7 and  an ac t iv i ty  of 290 Sigma 
purpuroga l l in  uni ts  pe r  rag. The concen t ra t ion  of H R P  
was  d e t e r m i n e d  spec t rophotomet r ica l ly ,  using a molar  
abso rp t iv i ty  of 9.1 • M - l c m - 1  at  403 n m  8. Sco- 
pole t in  and  IAA were ob ta ined  f rom Sigma Chemical  Co. 
Scopolet in  was recrysta l l ized f rom me thano l  before use. 
E n z y m e  assays were run  a t  the  p H  o p t i m u m  of 4.5 and  
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Fig. 1. Effect of scopoletin concentration oi1 the velocity of HRP- 
catalyzed seopoletin oxidation. Assays were run at 5 ram HaO 2 and 
9• 10 -11 M HRP in 40 raM sodium citrate buffer (pH 4�9 Inset: 
Double reciprocal plot. 
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Fig. 2. Effect of IAA on the double reciprocal dependence on scopol- 
etin concentration of HRP catalyzed scopoletin oxidation�9 Assays 
were run at 5 raM H20 ~ and 9 • 10 -11 M HRP in 40 inM sodium 
citrate buffer (pH 4�9 -O-O- ,  No. IAA; - 0 - 0 - ,  0.0225 raM IAA. 
Inset: i/velocity versus 1/[scopoletin] 1.s for sarae curves. 
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Fig. 3. Effect IAA concentration on the reciprocal velocity of scopol- 
etin oxidation at various seopoletin concentrations (1/V versus I). 
Assays were run at 5 raM H20 ~ and 9 • 10 -11 M HRP in 40 raM, 
sodium citrate buffer (pH 4.5). -O-O-, 0.6 mM scopoletin; -A-&-, 
0.9 mM scopoletin; -O-O- ,  1.2 raM seopoletin. 

con ta ined  scopoletin,  5 mM H20 ~, 40 mM s o d i u m  
ci trate ,  and  9 • 10 -11 M H R P .  Ac t iv i ty  was l inear over  
the  range of 1.5 • 10 -11 M to 2 • 10 -1~ M H R P .  Assays  
were run a t  23 ~ and  were in i t ia ted  by  adding  enzyme.  
Af te r  a 1-2 m i n  lag phase  l inear changes  in absorbance  
at  450 n m  were  obta ined.  
Results.  Figure  1 shows the  dependence  of ve loc i ty  on 
scopolet in  concen t ra t ion  for horserad ish  perox idase  
ca ta lyzed  scopolet in  oxidat ion.  Sigmoidici ty  is readi ly  
conf i rmed f rom the  concave upward  L ineweaver -Burk  
p lo t  9 (inset figure 1) and f rom the  Hill  p lo t  1~ of th is  d a t a  
which  yields a slope of n = l . 8 .  These f indings are in 
ag reemen t  wi th  the  observa t ions  for tobacco  t issue cul ture  
isoperoxidase  A a ca ta lyzed  scopolet in  oxidat ion.  The 
S0. 5 for scopolet in  is 0.9 mM. 
Since i t  was d e m o n s t r a t e d  t h a t  the  add i t ion  of scopolet in  
caused s igmoidici ty  to  occur in IAA sa tu ra t ion  curves  
for IAA oxidase  ac t iv i ty  of horse rad i sh  peroxidase  5, the  
effect  of IAA on scopolet in  ox ida t ion  by  H R P  was de- 
t e rmined .  Figure 2 shows the  effect  of IAA on the  
L ineweaver -Burk  plots  of scopolet in  sa tu ra t ion  curves.  
Inh ib i t ion  is observed  and  b o t h  curves  are concave up-  
ward  imply ing  s igmoidic i ty  in the  sa tu ra t ion  curves.  
These  curves can be made  l inear by  a p lo t  of 1/V versus  
1/S n where  n is t he  Hill  slope, n -- 1.8 for scopolet in  
sa tu ra t ion  in the  absence of IAA (inset figure 2). A least  
squares  analysis  of the  l inear p lot  yields 1/V in te rcep t s  
of 1.34 + 0.08 and 1.80 =: 0.22 for the  plots  w i t h o u t  and 
wi th  IAA respect ively.  1/S 1.s in te rcep ts  are 1.24 • 0.17 
for the  p lo t  w i t h o u t  IAA and  1.22 4-0.19 wi th  IAA 
present .  F igure  3 shows the  1/V versus  I p lot  for IAA 
inhib i t ion  of scopolet in  oxidat ion.  The nonl inear i ty  of 
the  curves  in figure 2 makes  ex t rapo la t ion  difficult ,  The  
l inear  p lo t  (inset f igure 2), however ,  indicates  t h a t  
in te rsec t ion  occurs on or near  the  1/S 1.s axis suggest ing 
noncompe t i t i ve  or mixed  inhib i t ion  wi th  a p redominance  
of the  noncompe t i t i ve  mode  n.  This observa t ion  is also 
a p p a r e n t  for figure 3, even  t h o u g h  the  p lo ts  are no t  linear. 
Discussion.  Since horse rad i sh  peroxidase  is known  to 
con ta in  only  a single subun i t  wi th  one heine group per  
unit ,  i t  is a p p a r e n t  t h a t  s igmoidal  kinet ics  c an n o t  be 
expla ined  by  classical subun i t  in teract ion.  A l though  
compe t i t i ve  inhib i t ion  m i g h t  be expec ted  for a single 
subun i t  p ro te in  such  as H R P ,  noncompe t i t ive  or mixed  
inhib i t ion  is cons i s ten t  w i th  t he  observa t ions  of Gals ton 
et  al. 12, who  proposed  t h a t  pe rox ida t ion  and IAA oxida-  
t ion take  place a t  d i f fe rent  si tes on H R P .  Dissociat ion 
of heine f rom the  ho loenzyme  did no t  affect  IAA oxida-  
t ion by  the  apoenzyme  b u t  e l imina ted  guaiacol oxidizing 
ac t iv i ty .  IAA migh t  t h e n  exer t  an allosteric (classical 
noncompet i t ive )  effect  by  b ind ing  a t  a site r emoved  f rom 
the  site of scopolet in  oxidat ion .  The nonl inear  compet i -  
t ive  effects  of scopolet in  on IAA oxida t ion  observed  by  
Sirois and Miller s could be expla ined by  b inding  of 
scopolet in  a t  b o t h  the  peroxidase  and  oxidase sites and  
IAA b ind ing  a t  only  the  oxidase  site. The complex i ty  
of the  peroxidase  mechan i sm could lead to  m a n y  kinet ic  
pa t t e rns ,  however ,  p r e s en t  observa t ions  suggest  t h a t  
peroxidase  s t ruc tu ra l  cons idera t ion  m a y  possibly be more  
complex  t h a n  t h a t  of r igid heine act ive  site domina t ing  
a non in te rac t ing  p r o t e i n  ma t r ix .  
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