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epimast igotes  17, ~s. Similar  results  were obta ined  with  the  
microsomal  fraction,  a l though  specific H , O ,  p roduc t ion  
rates were about  50% of those wi th  the  mi tochondr ia l  
fraction.  The  highest  rates of H , O  2 genera t ion  were ob- 
served wi th  the  superna tan t ,  bu t  a t  var iance  wi th  the  
o ther  assayed fractions,  N A D P H  was the  more effect ive 
electron donor. The  high H,O2 produc t ion  rates  with the  
soluble f ract ion suggests the  presence of autoxidizable  
f lavoprote ins  of the  f l avodoxin  19 type  in t h a t  fraction. 
Taking  into account  the  role of superoxide d ismutase  in 
H , O  2 generat ion6 (reaction 3), 

0-2 + 0-2 + 2H + -+ H202 + O z. (3) 

T. cruzi homogenates  were inves t iga ted  for this  enzyme.  
The  exper imenta l  results are presented  in figure 2. Trace 
A shows the  control  ac t iv i ty ,  while t race B shows the  in- 
h ibi t ion of adrenochrome format ion  by  the  homogenate .  
Addi t ion  of cyanide abol ished the  inhibi t ion,  thus  in- 
d ica t ing the  presence of a cyanide-sensi t ive cupro-zinc 
superoxide d ismutase  in the  homogenate .  The  quan t i t a -  
t ive  da ta  in figure 2 (lower graph) enable one to calculate  
the  d ismutase  concen t ra t ion  in the  homogenate ,  which 
was equ iva len t  to 0.28 ~g bovine  superoxide dismutase  
per  mg homogena te  protein .  
Discussion. Measurement  of H20  ~ generat ion by  T. cruzi 
homogenates  accounts  for about  4% of the  endogenous 
oxygen  up take  by  the  epimast igotes  (see De Boiso et  al. ~7 
for rates of respiration).  This  m a y  be a m i n i m u m  value  
considering the  di lut ion of endogenous substra tes  and 
coenzymes p resumab ly  invo lved  in peroxide genera t ion  
under  physiological  condit ions.  On the  o ther  hand,  the  

an t imyc in  and cyanide- insensi t ive  respi ra t ion of T. cruzi 
is abou t  15% of the  overal l  aerobic respira t ion 17, a va lue  
f rom which one can infer t h a t  a large propor t ion  of the  
an t imycin-  and cyanide- insensi t ive  oxygen  consumpt ion  
is due to HzO~ format ion.  
Dis t r ibu t ion  of pro te in  in the  subcellular  fract ions as 
described in the  table,  as well  as the  specific values for 
H20  ~ genera t ion  by  those fractions,  al low one to calculate  
t he  re la t ive  cont r ibut ion  of fract ions to to ta l  cellular gen- 
erat ion of HzO 2. This  cont r ibu t ion  is as follows: super- 
na tan t ,  6 3 % ;  mi tochondr ia l  membranes ,  31%, and endo- 
plasmic ret iculum, 6%. I t  mus t  be noted,  however ,  t h a t  
this  calculat ion is based on the  assumpt ion  t h a t  in physio-  
logical condi t ions  the  peroxide generators  are ful ly 
sa tu ra ted  wi th  reductant .  
I n  cont ras t  to the  results  obta ined  wi th  homogenates ,  the  
CCP assay failed to demons t ra t e  H , O  2 product ion  by  
epimast igotes .  This  failure is p resumab ly  due to the in- 
accesibil i ty of the  extracel lu lar  CCP to the intracel lular  
H20, ,  as well  as to the  negligible diffusion of intracel lular  
H~O 2 to the  ext racel lu lar  medium.  
Since T. cruzi  epimast igotes  conta in  peroxidase  (not cat-  
alase) as H202 metabol iz ing  enzyme s, the intracel lular  
s t eady  s ta te  level of H , O ,  mus t  depend on bo th  a) the  
ra te  of H~O, genera t ion  and b) the  supply of hydrogen 
donors for the peroxidase  reaction.  Unba lance  of these 
processes m a y  prove  le thal  for the  parasi te  since H~O~ is 
toxic  for Trypanosomat idaeg ,  10. Consequent ly ,  drugs 
t h a t  should ei ther  p reven t  H , O ,  ut i l izat ion or s t imu-  
late  H202 genera t ion  m a y  be regarded as possible t ry-  
panocide agents.  
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Summary. Studies on melanophores  cul tured in vesicles der ived from Xenopus  hypomer ic  tissues suggest  product ion  of 
a diffusible melan in-concen t ra t ing  substance by  ven t ra l  hypomer ic  tissues and melanin-dispersing propert ies  in la teral  
hypomer ic  tissues. 

Dur ing normal  deve lopmen t  and under  normal  levels of 
incident  i l luminat ion  the  re t icula te  melanopbores  in the  
la tera l  t issues of the  hypomere  of ear ly  larval  Xenopus  
undergo a progressive concen t ra t ion  of melanin  granules 
which begins a t  s tage 40 in the  most  ven t ra l ly  s i tua ted  
melanophores  then  spreads dorsally,  cu lminat ing  in a 
dorsovent ra l  g rada t ion  of ret iculate ,  s tel late  and punc ta te  
melanophores .  The  dispersion of melanin  in melanophores  
is control led pr inc ipa l ly  by  the  level  of M S H  (melano- 
phore  s t imula t ing  hormone)  in the  tissues4, s. However ,  
Peh lemann  6 found t h a t  the  dispersion of melanin  in 
melanophores  on the  pe r i toneum (formerly hypomer ic  
melanophores)  of Xenopus  larvae  is largely independen t  
of M S H  and suggested some control  by  env i ronmenta l  
tissues. Recen t  work  7 has  suggested the  possibi l i ty  t h a t  
the  dispersion of melan in  in hypomer ic  melanophores  
migh t  be influenced by  a melan in-concent ra t ing  sub- 
s tance produced by  the  ven t r a l  tissues o2 this region. In  
the  present  s tudy  the  dispersion of melanin  in melano-  
phores isolated in vesicles der ived  f rom tissues of var ious  
regions of the  hypomere  was examined  in order to 
inves t iga te  this  possibil i ty.  
Methods. Eggs of Xenopus  laevis were obta ined  by  
s tandard  methods  s. The  techniques  used in prepar ing and 
cul tur ing vesicles have  been described previous ly  9. Uni-  
form por t ions  of neura l  crest  and under ly ing dorsal  sector 
of neural  tube  were excised f rom the  anter ior  t r unk  of 

s tage 22 embryos  (staging according to Nieuwkoop and 
Faberl~ Such explants  were cu l tured  in vesicles der ived 
f rom sheets of a) lateral ,  b) ven t ra l  and c) la tera l  and 
ven t ra l  hypomer ic  epidermis  and all subadjacen t  meso- 
de rm obta ined  f rom stage 22 embryos.  50 vesicles of 
lateral ,  50 vesicles of ven t ra l  and 46 vesicles of lateral  and 
ven t ra l  hypomer ic  tissues (composite vesicles) were cul- 
tu red  for up to 2 weeks under  normal  indoor i l luminat ion  
and the  dispersion of melanin  in melanophores  which 
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s u b s e q u e n t l y  d i f f e r en t i a t ed  in t h e  vesicles was  examined .  
O t h e r  s tage  22 e m b r y o s  were a l lowed to  deve lop  n o r m a l l y  
for  use as controls .  The  effects  of b r i g h t  l igh t  a n d  da rk -  
ness  o n  m e l a n i n  d i spers ion  were t e s t e d  w h e n  vesicles were 
of a n  age w h i c h  co r re sponded  to  s tage  41 con t ro l  la rvae .  
Vesicles of each  t y p e  were i l l u m i n a t e d  f rom a d i s t ance  of 
30 c m  b y  a n  o r d i n a r y  b e n c h  l a m p  or p laced  in a l ight -  
t i g h t  box.  Me lanophores  were obse rved  a t  i n t e rva l s  ove r  
a pe r iod  of 45 min .  
.Results. Melanophore  d i f f e r en t i a t i on  b e g a n  a f t e r  a b o u t  
2 days  a t  s tage  33-34 of con t ro l  l a rvae .  All  vesicles u n t i l  
s t age  38 possessed s imi lar -s ized popu l a t i ons  of r e t i cu la t e  
me lanophores .  I n  vesicles de r ived  f rom la t e ra l  t i ssues  
a l m o s t  al l  m e l a n o p h o r e s  r e m a i n e d  r e t i cu la t e  for t he  dura -  
t i on  of t h e  expe r imen t .  I n  con t ras t ,  in  vesicles de r ived  
f rom v e n t r a l  t i ssues  a l m o s t  all  m e l a n o p h o r e s  b e c a m e  
p u n c t a t e  a t  s tage  39 or 40. Mos t  compos i t e  vesicles a t  
s tage  39 or  40 possessed r e l a t i v e l y  d iscre te  a reas  of pre-  
d o m i n a n t l y  re t i cu la te ,  s te l la te  or p u n c t a t e  me lanophores .  

Number (expressed as a percentage) of vesicles of lateral (L), 
ventral (V) and lateral + ventral (L + V) hypomeric tissues and the 
type of melanophore population 

Type of Type of melanophore population 
vesicle All Mostly Mostly All 

retic- retic- stellate or stellate or 
ulate ulate punctate punetate 

All 
punctate 

Stages 33-38 
L 100 0 0 0 0 
V 100 0 0 0 0 
L -F V 100 0 0 0 0 
Stages 39-40 
L 96 4 0 0 0 
V 0 0 14 16 70 
L -k V 0 17.4 47.8 21.8 13 
Stage 41 
L 90 10 0 0 0 
V 0 0 4 18 78 
L + V 0 0 34.8 47.8 17.4 

Vesicles (equivalent in age to stage 41) derived from a lateral hypo- 
merit tissues; the melanophore population is entirely reticulate, 
b ventral hypomeric tissues; the melanophore population is entirely 
punctate, c and g lateral and ventral hypomerie tissues; the melano- 
phore population is entirely (c) or mainly (g) stellate or punetate; 
reticulate melanophores (d) are confined to a small area of the 
vesicle. 

H o w e v e r  a t  s tage  41 a/3 of t he se  vesicles e x h i b i t e d  on ly  
s te l la te  or p u n c t a t e  m e l a n o p h o r e s ;  t h e  r e m a i n d e r  re- 
t a i n e d  a sma l l  n u m b e r  of r e t i c u l a t e  m e l a n o p h o r e s  wh ich  
were r e s t r i c t ed  to  a smal l  a rea  of t h e  vesicle.  
B e n c h  l a m p  i r r a d i a t i o n  e x p e r i m e n t s  revea led  t h a t  fol- 
lowing a per iod  of i l l u m i n a t i o n  of 20 m i n  m o s t  p u n c t a t e  
m e l a n o p h o r e s  b e c a m e  re t icu la te .  Af te r  a pe r iod  of 45 m i n  
in  d a r k n e s s  m o s t  r e t i cu la t e  m e l a n o p h o r e s  b e c a m e  punc -  
t a re .  
Discussion.  T h e  t r a n s f o r m a t i o n  of m e l a n o p h o r e s  f rom 
re t i cu la t e  to  p u n c t a t e  w h i c h  t o o k  place  in vesicles of 
v e n t r a l  t i ssues  was n o t  obse rved  in  vesicles of l a t e ra l  t is-  
sues, sugges t ing  t h a t  v e n t r a l  t i ssues  e i t h e r  possessed 
m e l a n i n - c o n c e n t r a t i n g  p rope r t i e s  w h i c h  were a b s e n t  
f rom l a t e r a l  t i ssues  or l acked  me lan in -d i spe r s ing  proper -  
t ies  w h i c h  were  p r e s en t  in  l a t e ra l  t issues.  H o w ev e r  in  
m o s t  compos i t e  vesicles  t h e  en t i r e  m e l a n o p h o r e  popu la -  
t i on  e x h i b i t e d  some degree of m e l a n i n  concen t r a t i on .  I n  a 
compos i t e  vesicle diffusible  subs t ances  capab le  of con-  
t ro l l ing  m e l a n i n  d ispers ion  p roduced  b y  t h e  t i ssues  of one 
reg ion  would  be  able  to  inf luence  al l  m e l a n o p h o r e s  in  t he  
vesicle.  Accord ing ly  these  r e su l t s  a p p e a r  cons i s t en t  w i t h  
t h e  p r o d u c t i o n  of a d i f fus ible  m e l a n i n - c o n c e n t r a t i n g  
s u b s t a n c e  b y  v e n t r a l  t issues.  
On ly  a sma l l  n u m b e r  of compos i t e  vesicles possessed 
en t i r e ly  p u n c t a t e  m e l a n o p h o r e  popula t ions .  Most  com- 
pos i te  vesicles e x h i b i t e d  d i sc re te  a reas  of s te l la te  and,  less 
f r equen t ly ,  r e t i cu la t e  me lanophores ,  sugges t ing  t h e  exis- 
t ence  of local ized regions of t h e  l a t e r a l  t i s sue  c o m p o n e n t  
of t h e  vesicle wh ich  possessed p rope r t i e s  capab le  of 
m o d u l a t i n g  o r  c o u n t e r i n g  t h e  m e l a n i n - c o n c e n t r a t i n g  
p rope r t i e s  of t h e  v e n t r a l  h y p o m e r i c  subs tance .  E v i d e n c e  
t h a t  l a t e ra l  m e s o d e r m  possesses p roper t i e s  capab le  of 
effect ing m e l a n i n  d ispers ion  is p r o v i d e d  b y  t h e  cha rac -  
t e r i s t i c  p resence  of r e t i cu la t e  m e l a n o p h o r e s  in  vesicles of 
l a t e ra l  t i ssues  (epidermis  + mesoderm)  a n d  b y  Ob ika  a n d  
B a g n a r a ' s  11 f ind ing  t h a t  vesicles composed  solely of t h e  
l a t e ra l  t r u n k  ep idermis  of X e n o p u s  were cha rac t e r i zed  
b y  p u n c t a t e  me lanophores .  
Me lanophores  c o n t a i n e d  in  vesicles of v e n t r a l  t i ssues  a n d  
in  compos i t e  vesicles f i rs t  e x h i b i t e d  m e l a n i n  concen t r a -  
t i o n  a t  s tage  39 or  40, a n  age wh ich  coincided w i t h  t h e  
onse t  of m e l a n i n  c o n c e n t r a t i o n  in t h e  m o s t  v e n t r a l l y  
p laced  h y p o m e r i c  m e l a n o p h o r e s  of n o r m a l  la rvae ,  sug- 
ges t ing  t h a t  t h e  fac tors  con t ro l l i ng  m e l a n i n  d ispers ion  in  
vesicles also ope ra t e  in  vivo.  H e n c e  i t  is p roposed  t h a t  
t h e  d o r s o v e n t r a l  g r a d a t i o n  of r e t i cu la t e ,  s te l la te  a n d  
p u n c t a t e  m e l a n o p h o r e s  obse rved  on  t h e  h y p o m e r e  of 
n o r m a l  l a r v a e  a f t e r  s tage  40 is d e p e n d e n t  on  a) t h e  pro-  
d u c t i o n  of a di f fusible  m e l a n i n - c o n c e n t r a t i n g  s u b s t a n c e  
b y  t h e  v e n t r a l  t i ssues  g iv ing  r ise to  p u n c t a t e  me lano-  
phores ,  b) me lan in -d i spe r s ing  p rope r t i e s  of t h e  l a t e ra l  
m e s o d e r m  g iv ing  rise to  r e t i cu l a t e  m e l a n o p h o r e s  a n d  
c) c o m p e t i t i o n  b e t w een  b o t h  these  fac to rs  g iv ing  rise to  
s te l la te  me lanophores .  
T h e  m o d e  of a c t i o n  of s u b s t a n c e s  capab le  of in f luenc ing  
m e l a n i n  d i spers ion  is u n k n o w n .  I n  t h e  p r e s e n t  s t u d y  
r e t i cu l a t e  m e l a n o p h o r e s  b e c a m e  p u n c t a t e  in  d a r k n e s s  
a n d  p u n c t a t e  m e l a n o p h o r e s  r e t i cu la t e  on  exposu re  to 
b r i g h t  l ight .  A s imi la r  l i gh t  s ens i t i v i t y  h a s  been  obse rved  
in X e n o p u s  m e l a n o p h o r e s  in  h a n g i n g  d rop  cu l tu res  1., 
sugges t ing  t h e  poss ib i l i ty  t h a t  t h e  h y p o m e r i c  fac tors  de-  
scr ibed above  as con t ro l l ing  m e l a n i n  d ispers ion  m i g h t  ac t  
b y  m o d u l a t i n g  in t r ins i c  processes  of t h e  me lanophores ,  
e.g. a p h o t o c h e m i c a l  r eac t i on  13 t a k i n g  place  w i t h i n  t h e  
me lanophore .  
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