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Summary. I n h i b i t i o n  of o x i d a t i v e  p h o s p h o r y l a t i o n  b y  2 ,4 -d in i t ropheno l  or sod ium cyan ide  p r o m o t e s  comple te  me-  
l anosome  aggrega t ion  in t e l eos t  melanophores .  Th i s  aggrega t ion  is no t  p r o m o t e d  v ia  t he  ~ - s y m p a t h e t i c  r ecep to r  si tes 
because  i t  occurs  in  t he  p resence  of to lazol ine  hydroch lo r ide ,  a n  a - recep tor  b lock ing  agent .  I n t e r p r e t a t i o n  of these  
resu l t s  suggests  m e t a b o l i c  e n e r g y  release is r equ i red  in t he  cen t r i fuga l  d i rec t ion  only.  

Visua l  a n d  m i c r o c i n e m a t o g r a p h i c  obs e r va t i ons  of p i g m e n t  
g ranu le  mig ra t i ons  in  d e r m a l  t e leos t  m e l a n o p h o r e s  h a v e  
d e m o n s t r a t e d  di f ferences  in  t h e  m o v e m e n t s  of i nd iv idua l  
me lanosomes  d u r i n g  agg rega t ion  and  d ispers ion  8. Centr i -  
pe t a l  g ranu le  m i g r a t i o n  was c o n t i n u o u s  a n d  s m o o t h ;  
cen t r i fuga l  m i g r a t i o n  was  d i scon t inuous  and  erra t ic .  I t  
h a s  been  p roposed  t h a t  m e l a n o p h o r e s  whose  p i g m e n t  
granules  are  n o t  m i g r a t i n g  are me tabo l i ca l ly  i nac t i ve  
while  those  w i t h  m i g r a t i n g  g ranu les  are in  a n  ac t ive  
s ta te~,  *. I n h i b i t o r s  of o x i d a t i v e  p h o s p h o r y l a t i o n  h a v e  
been  s h o w n  in Fundulus m e l a n o p h o r e s  to  d imin i sh  t he  
e x t e n t  of g r a n u l  e r ed i spers ion  in a d ispers ing  m e d i u m  5, 
whi le  t he  presence  of A T P  has  been  found  necessa ry  for 
p i g m e n t  d ispers ion  s. I n  t h e  e x p e r i m e n t s  r epo r t ed  below, 
t he  ac t ion  of 2 i n h i b i t o r s  of ox ida t i ve  p h o s p h o r y l a t i o n ,  
2 , 4 - d i n i t r o p h e n o l  (DNP)  a n d  sod ium cyan ide  (NaCN) 
dissolved in a d i spers ing  sa l ine  has  been  found  to  induce  
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in  te leos t  d e r m a l  m e l a n o p h o r e s  a comple t e  a n d  revers ib le  
aggrega t ion  d i f fe ren t  in  n a t u r e  f rom t h a t  i nduced  b y  t he  
ca t echo l amines  n o r a d r e n a l i n  (NAD) a n d  a d r e n a l i n  (AD). 
Methods. Chemica ls  t e s t ed  on  t he  m e l a n o p h o r e s  were 
dissolved in plaice sal ine L Me lanophores  immersed  in t he  
sa l ine  a lone  dispersed f rom a n  aggrega ted  s t a t e  a n d  
m a i n t a i n e d  dispers ion.  Skin  f rom t h e  teleost ,  Pseudo- 
pleuronectes americanus, a close re la t ive  of plaice,  
Pleuronectes platessa, was isola ted in a per fus ion  c h a m b e r  
m o u n t e d  on  a Lei tz  b inocu la r  microscope.  B o t h  t h e  
i n t e r d i g i t a t i n g  scales a n d  the  ep ide rmis  s were r e m o v e d  
to  fac i l i ta te  diffusion.  Changes  in l igh t  t r an smi s s ion  due  
t o  m e l a n o p h o r e  responses  exposed to  the  va r ious  solu- 
t ions  were m o n i t o r e d  b y  an  RCA 931-A p h o t o m u l t i p l i e r  
t u b e  m o u n t e d  v ia  a l igh t  p ipe  to one eyepiece of t he  micro-  
scope. S imu l t aneous  v isua l  o b s e r v a t i o n s  were m a d e  w i t h  
t h e  o t h e r  eyepiece.  The  vo l t age  b e t w e e n  the  anode  a n d  
t he  p h o t o c a t h o d e  va r i ed  b e t w e e n  1000 a n d  1250 V, 
d e p e n d i n g  u p o n  t he  p a r t i c u l a r  p r e p a r a t i o n .  The  o u t p u t  
of t he  p h o t o m u l t i p l i e r  was recorded  on an  H P  680 s t r ip  
c h a r t  recorder .  A Roscolene No. 815 f i l ter  was  in te r -  
posed  be tween  t h e  l igh t  source a n d  t he  p h o t o m u l t i p l i e r  
to  e l imina te  l igh t  v a r i a t i o n s  due  to  the  c o n c u r r e n t  
e r y t h r o p h o r e  g ranu le  migra t ions .  
Results and discussion. The  ac t ion  of 10 -5 M D N P  a n d  
10 -* M N a C N  has  p rev ious ly  been  r epo r t ed  to d imin i sh  
t h e  e x t e n t  of d i spe r s ionL I n  m y  expe r imen t s ,  above  a 
t h r e s h o l d  c o n c e n t r a t i o n  of 10 -4 M D N P  a n d  10 -4 M 
NaCN,  eve ry  m e l a n o p h o r e  r e sponded  w i t h  a slow, nea r ly  
comple te  a n d  revers ib le  aggrega t ion .  Below t h a t  level, 
no  vis ible  effect  was  a p p a r e n t .  A t  10 -4 DNP,  dispersed 
m e l a n o p h o r e s  exh ib i t ed  i r regu la r  pu l sa t ions  (figure, A). 
Aggrega ted  m e l a n o p h o r e s  showed  no response  to  e i the r  
i n h i b i t o r  excep t  to  e x t e n d  t he  t i m e  needed  for i n i t i a t ion  
of t he  s u b s e q u e n t  sa l ine - induced  disper ion.  
The  t i m e  cha rac t e r i s t i c s  of D N P -  a n d  NaCN- induced  
aggrega t ion  differed f rom c a t e c h o l a m i n e  (CAT)- induced 
aggrega t ion .  The  r a t e  of agg rega t ion  induced  b y  an  
ox ida t ive  p h o s p h o r y l a t i o n  i n h i b i t o r  (OPI) was  signifi- 
c a n t l y  Slower t h a n  t h a t  for a c a t e c h o l a m i n e  s t i m u l a n t  
(figure, t3, C a n d  table) .  Onse t  of D N P - i n d u c e d  aggrega t ion  
was de layed  a b o u t  4 -5  t imes  c o m p a r e d  to t h a t  of CAT- 
induced  aggrega t ion .  Red ispers ion  b y  sal ine was n o t  
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A Pulsations due to application of 10-4 M DNP; time mark: 7.5 rain. 
B Melanophore response to 5 x 10 -4 M DNP followed by subsequent 
sa l ine  wash and 5 • 10 -6 M NAD followed by saline wash; time mark: 
30 sec. 
C Centrifugal response to various substances (numbered) normalized 
to T = 0 : 5 • 10 -4 M NAD (Nos 1-3) ; 5 • 10 -4 M DNP (4-6) ; 5 • 10 -~ 
M DNP and 10 -3 M TOL (7): the dotted line indicates saline rinse; 
time mark: 30 sec. 
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s imp ly  d e t e r m i n e d  b y  t he  w a s h o u t  t ime,  b u t  d e p e n d e d  
u p o n  t he  s u b s t a n c e  i nduc ing  aggregat ion .  The  ra t e  of 
red i spers ion  fol lowing D N P - i n d u c e d  aggrega t ion  was  
twice  as slow as t h a t  for t he  ca t echo l amine  c o n c e n t r a t i o n  
i n d u c i n g  j u s t - m a x i m a l  aggregat ion .  In  addi t ion ,  t he  
r a t e  of red ispers ion  fol lowing D N P - i n d u c e d  aggrega t ion  
s lowed d u r i n g  the  course of a n  expe r imen t .  P r e p a r a t i o n s  
were  s tud ied  typ ica l ly  for 3-4  h. E x p e r i m e n t s  were 
t e r m i n a t e d  w h e n  t he  m e l a n o p h o r e s  would n o t  disperse  
fol lowing a 25-rain per fus ion  w i t h  n o r m a l  saline.  The  
cells a t  t h a t  t ime  were n o t  comple t e ly  unrespons ive ,  
because  i n d i v i d u a l  me lanosomes  a t  the  edge of t he  
aggrega ted  me lanosome  mass  d i sp layed  a degree of 
m o v e m e n t  , a l t h o u g h  t h e y  neve r  en t e red  a cel lular  
process.  
I n  the  presence  of to lazo l ine  hydroch lo r ide  (TOL), an  
m-sympathe t ic  r ecep to r  b lock ing  a g e n t  s, t h e  ca techol -  
amines  no longer  aggrega ted  t he  m e l a n o p h o r e s  10,11. T O L  
h a d  no effect  upon  t h e  aggrega t ing  p roper t i e s  of D N P  or  
lqaCN (figure, C), sugges t ing  t h a t  these  l a t t e r  2 agen t s  are 
a c t i n g  d i rec t ly  a t  t he  source of me tabo l i c  ene rgy  for t he  
i n t r ace l lu l a r  t r a n s l o c a t i o n  m e c h a n i s m .  
T h e  effects obse rved  in these  e x p e r i m e n t s  sugges t  t h a t  a 
me tabo l i c  ene rgy  pool  of l imi ted  size is ava i l ab le  for 
m e l a n o s o m e  m i g r a t i o n  in melanophores ,  and  t h a t  i t  is 
specif ical ly necessa ry  for  cen t r i fuga l  migra t ion .  Once 
e x h a u s t e d ,  c en t r i pe t a l  m i g r a t i o n  necessar i ly  follows. I t  
h a s  been  sugges ted  t h a t  m i c r o t ubu l e s  are a p e r m a n e n t  
s u b s t r a t e  upon  wh ich  t h e  me lanosomes  migra te ,  because  
t h e i r  presence  in the  cel lular  processes  does n o t  cor re la te  
w i t h  t h e  pos i t ion  of t h e  m e l anos om es  1~. T he  obs e rva t i on  
of lucen t  areas  s u r r o u n d i n g  m i c r o t u b u l e s  in d ispersed 
me lanopho re s  1~ suggests  t h a t  a con t rac t i l e  e l em en t  m i g h t  

be  p r e s e n t  in assoc ia t ion  w i t h  t he  mic ro tubu les .  The  
m o t i v e  force for m e l a n o s o m e  m i g r a t i o n  m i g h t  be p r o v i d e d  
t h r o u g h  t he  ac t ion  of t h a t  e l emen t  ac t ing  a g a i n s t  t h e  
f ixed m i c r o t u b u l a r  a r ray .  I t  is i n t e r e s t i ng  to no t e  t h a t  
s imi la r  c o n c e n t r a t i o n s  of D N P  s topped  p ro top l a smic  
s t r e a m i n g  in the  s l ime mold  Physarum polycephalum 14 
and  par t i c le  ex t ru s ion  b y  f i l ipodia in  3T3 cells 15. The  
in t r ace l lu l a r  c o m p o n e n t s  i n a c t i v a t e d  in b o t h  e x p e r i m e n t s  
were t h o u g h t  to  be  microf i la rnents .  I n t e r f e r ence  w i t h  
m i c r o f i l a m e n t  i n t e g r i t y  in m e l a n o p h o r e s  b y  cy tocha l a s in  
B has  been  shown to i n h i b i t  cen t r i fuga l  m e l a n o s o m e  
m i g r a t i o n  in Rana pipiens 16, I t  is t e m p t i n g  to specu la te  
t h a t  m ic ro f i l amen t s  17 or f i l amentous - l ike  ma te r i a l s  are  
t he  l ikely c a n d i d a t e s  as t he  si te  of me tabo l i c  a c t i v i t y  
r equ i red  for  cen t r i fuga l  me lanosome  m i g r a t i o n  in t e leos t  
me lanophores .  
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T h e  effects  of chron ic  perox ide  in take  on the  perox ide  m e t a b o l i s m  e n z y m e  act iv i t i e s  
of  rat  organs1  
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Summary. I n  r a t s  rece iv ing  a d i lu te  aqueous  so lu t ion  of h y d r o g e n  pe rox ide  for a p ro longed  period,  t h e  a c t i v i t y  of t he  
perox ide  me tabo l i s ing  enzymes ,  i.e. supe rox ide  d i smutase ,  pe rox idase  a n d  ca ta lase ,  is s ign i f i can t ly  increased  in m o s t  
t issues.  

The  H 2 0 , - p r o d u c i n g  superox ide  d i s m u t a s e  (SOD;  EC 1. 
15.1.1), a n d  the  2 m o s t  ac t ive  H,O2-decompos ing  enzymes ,  
pe rox idase  (P;  EC 1.11.7) a n d  ca ta lase  (C; EC 1.11.1.6) 
f o r m  the  group of pe rox ide  m e t abo l i z i ng  e n z y m e s  
(PME) a,4. Use of th i s  col lec t ive  t e r m  is jus t i f ied,  a m o n g  
o thers ,  b y  t he  fac t  t h a t  i t  is wide ly  a s sumed  t h a t  these  
3 enzymes  are t he  f i rs t  a p p e a r a n c e  of fo rms  of t he  p ro te in -  
b o u n d  Cu a n d  Fe in t he  course  of evolu t ion .  All  3 enzymes  
a re  of g rea t  i m p o r t a n c e  in aerobic  life; t h e y  t ake  p a r t  
in  t he  d i s m u t a t i o n  of t he  toxic  radica le  fo rmed  f rom mole-  
cu la r  oxygen,  t he  superox ide  an ion  (02-) fo rmed  b y  ad-  
d i t i o n  of 1 e lect ron,  a n d  t he  p e r o x y  rad ica l  (O~ *-) fo rmed  
b y  u p t a k e  of 2 e lec t rons  5. The  a im of our  e x p e r i m e n t s  
was  to e s t ab l i sh  w h e t h e r  t he  levels of t he  P M E  in t he  
va r ious  t i ssues  are a f fec ted  b y  chron ic  ora l  i n t a k e  of 
r e a g e n t  H 2 0  2. 
Materials and methods. E x a m i n a t i o n s  were car r ied  ou t  
o n  t he  CFY inb red  r a t  s t ra in ,  an ima l s  of the  same age a n d  
sex  be ing  compared .  T he  e x p e r i m e n t a l  an ima l s  were 
r e a r e d  u n d e r  iden t ica l  condi t ions ,  w i t h  t he  excep t ion  t h a t  
1 g roup  received 0 .5% H 2 0  2 added  to t he  d r i n k i n g  w a t e r  

f rom the  age of 1 m o n t h .  W a t e r - d r i n k i n g  ra t s  were  t a k e n  
as controls .  A t  t he  age of 3 m o n t h s ,  r a t s  f rom b o t h  g roups  
were killed, a n d  t he  ac t iv i t i e s  of the  P M E  in t i ssue  h o m o -  
geniza tes  were  d e t e r m i n e d  3, ,. The  p ro t e in  c o n t e n t s  of t he  
h o m o g e n i z a t e s  were m e a s u r e d  w i t h  t h e  Fol in  p h e n o l  
r e agen t  b y  t he  m e t h o d  of L o w r y  et  al.% 
Results and discussion. The  resu l t s  are l i s ted  in t h e  tab le .  
I n  t he  t ab le ,  one c o l u m n  gives t he  resu l t s  of t he  con t ro l  
m e a s u r e m e n t s ,  w i th  t he  X zk S values.  The  e n z y m a t i c  ac- 
t iv i t e s  h a v e  in all  cases been  ca lcu la ted  for 1 g we t  t i ssue  
we igh t  (n = 10). 
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