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tubers  of this  species when grazing in its na tu ra l  habi ta t .  
In  l i terature ,  there  are 2 o ther  wild Manihot  species which 
had been repor ted  to have  high prote in  con ten t ;  M. me-  
lanobasis 10 and M. saxicola 11, bu t  there  is no reference to 
thei r  H C N  conten t ;  consequent ly ,  the  authors  have  no 
idea how much  the  hydro ly t ic  products  of glucosides in- 
terfers wi th  the  to ta l  es t imated  crude protein.  F r o m  the  
first instance,  i t  seems logical to find wild cassava with  

high prote in  content ,  since human  selection has a imed 
cont inua l ly  to select for tuber  size and less fibre, w i thou t  
pay ing  a t t en t ion  to prote in  content .  This  could lead to 
discarding pro te in-producing  genes f rom the cu l t iva ted  
variet ies.  

10 O.L. Jennings, Euphytiea 8, 157 (1959). 
11 J. Lanjouw, Recl Trav. bot. n6erl. 36, 542 (1939). 
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Summary. Hom0gena tes  f rom T. cruzi epimast igotes  produced 3.4 pmoles H202/min 106 cells, as de tec ted  by  the  
cy tochrome c peroxidase assay. Addi t ion  of N A D H  or N A D P H  increased I-I202 product ion  by  a factor of 3 and 5, 
respect ively.  W h e n  supplemented  wi th  N A D H  and N A D P H ,  the  mi tochondr ia l ,  microsomal  and superna tan t  fract ions 
produced H202, the  soluble f ract ion and the  mi tochondr ia l  membranes  being appa ren t ly  the  main  generators  of H,O, .  
The  epimast igote  homogenates  showed cyanide-sensi t ive  superoxide dismutase  ac t iv i ty ,  equ iva len t  to 0.28 ~g bovine  
superoxide d ismutase  per  mg homogena te  protein.  

P roduc t ion  of po ten t i a l ly  toxic  in te rmedia tes  of oxygen  
reduct ion  i n ' c e l l s  and tissues was ear ly  suggested by  
Gerschman et  a l ) ,* .  Expe r imen t a l  conf i rmat ion  of the  
biological  fo rmat ion  of O , -  and H20  2 was la ter  provided  
by  Chance e t  al. s and F r idov ichL  The ep imas t igote  
(culture form) of T rypanosoma  cruzi, the  agent  of Chagas 
disease, conta ins  peroxidaseT, 8, thus  suggest ing t h a t  
H20  ~ is a normal  metabol i te  in this  organism, bu t  so far no 
direct  evidence of H , O ,  fo rmat ion  has been offered. Hydro -  
gen peroxide  is toxic  for t rypanosomes  and, consequent ly ,  
tke  s tudy  of H20  , metabo l i sm holds potent ia l  pha rma-  
cological interest ;  since an  increased in t racel lu lar  level  of 
H , O  2 m a y  be le thal  for T. cruzi*, 1~ 
Materials and methods. The Tulahuen  strain of T. cruzi 
was grown as described before s. Epimas t igo tes  were dis- 
rup ted  by  freezing (at -16~ and thawing  3 t imes.  The .  

Generation of hydrogen peroxide by T. cruzi fractions* 

Fraction Substrate H~O~ generation 
(percent of the homogenate (nmoles]min mg protein) 
total protein) 

Nuclear-fla~llar(20) Antimycin Antimyein 
omitted added 

NADH 0.77 - 
NADPH 0.14 

Mitochondrial (40) 
NADH 2.35 2.30 
NADPH 0.75 0.70 
Succinate 0.00 0.00 

Microsomal(7) 
NADH 1.18 
NADPH 0.45 

Supernatant(33) 
NADH 4.7 
NADPH 6.0 

*All samples were made of 130 mM KC1, 20 mM phosphate buffer 
(pH 7.2), 0.6 [xM HRP and 0.2-1.0 mg protein/ml. 40 ~M NADH (or 
NADPH), 7 mM suecinate and 1-2 ~M antimycin were added where 
indicated. 

cell  suspension was homogenized by  several  passages 
th rough  a hypodermic  needle, gauge No. 24, a t t ached  to 
a syringe. The homogenates  were suspended in 0.23 M 
manni tol ,  0.07 M sucrose, 1 mM EDTA,10  mM Tris HC1, 
p H  7.2, a t  8.0 mg p ro te in /ml  and f ract ionated in the  Sor- 
val l  RC-2B centr i fuge at  4~ The fract ions ob ta ined  
were:  a) the  nuclear-f lagellar  fraction (sedimented a t  
480 • g for 10 min;  the  fluffy layer was re incorporated to 
the  superna tan t ) ;  b) the  mi tochondr ia l  f ract ion (sedi- 
men ted  a t  12,000 • g for 10 rain); c) the  microsomal  
f ract ion (sedimented at  105,000 • g for 45 min) ;  d) the  
superna tan t .  
N A D H ,  N A D P H ,  xanth ine ,  horseradish peroxidase (EC 
1.11.1.7; H R P )  type  VI,  xan th ine  oxidase,  bovine super-  
oxide dismutase  and D-glucose oxidase were purchased  
f rom Sigma Chemical  Company.  Cytochrome c peroxidase 
(EC 1.11.1.5; CCP) was prepared as described by  Yone-  
tan i  11. 
The  ra te  of H202 generat ion was de termined  spectro- 
photometr ica l ly ,  by  measu r ing  the  format ion  of the  
CCP-HzO, /complex (reaction 1) 

CCP + H~O 2 --> CCP-H~O~ (1) 

and the  H R P - H , O  2 complex  (reaction 2) 

HRP + H,O 2 --> HRP-H20 , (2) 

as described previously12,13. Superoxide dismutase was 
de te rmined  on the  basis of its ab i l i ty  to inhibi t  the  0 2- 
dependen t  adrenochrome format ion  f rom epinephrine,  
using the  xan th ine  oxidase react ion as source of 0 , - ,  as 
described in Cadenas et alA 4. Produc t ion  of 0 2- by  beef  
hear t  submi tochondr ia l  part icles was measured as de- 
scribed by  Cadenas e t  al. 14. 
Pro te in  con ten t  of cell  suspensions and fract ions was de- 
t e rmined  by  the  b iure t  me thod  15 in the  presence of 0.2% 
sodium deoxychola te .  One mg  of epimast igote  to ta l  pro-  
te in  corresponded to  1.7 mg  d ry  weight,  to 12.3 mg wet  
weight  and to 77 • 10 ~ cells. 

Results. Trace  A in figure 1 shows t h a t  addi t ion of CCP to  
respir ing epimast igotes  suspended in saline med ium did 
not  reveal  fo rmat ion  of H , O  2, despite  the  fact  t h a t  l imi t -  
ing amoun t s  of H20  2 formed by  an ext racel lu lar  H , O ,  
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generator (D-glucose oxidase plus D-glucose) were easily 
detected. In  contrast  to this negative result wi th  living 
epimastigotes, formation of H20 , by  an equivalent 
a m o u n t  of  d i s r u p t e d  ce l l s  c o u l d  b e  d e m o n s t r a t e d ,  a s  
s h o w n  b y  t h e  u p w a r d  d e f l e c t i o n  of  t r a c e  B i n  f i g u r e  1, 
f r o m  w h i c h  a g e n e r a t i o n  r a t e  o f  3.4 p m o l e s  H ~ O J m i n  m g  
p r o t e i n  c o u l d  be  c a l c u l a t e d .  A d d i t i o n  of  N A D H  o r  
N A D P H  s i g n i f i c a n t l y  i n c r e a s e d  t h e  r a t e  of  H , O ,  p r o -  
d u c t i o n  b y  t h e  h o m o g e n a t e  ( f igure  1, t r a c e  C). U n d e r  
s i m i l a r  e x p e r i m e n t a l  c o n d i t i o n s ,  5 m M  D - g l u c o s e ,  L -  
l a c t a t e ,  p y r u v a t e ,  s u c c i n a t e ,  g l y c o l a t e ,  D - a l a n i n e ,  L -  
l euc ine ,  3 ~M u r a t e  a n d  35 ~M  x a n t h i n e  fa i l ed  t o  i n c r e a s e  
t h e  r a t e  o f  H e O ,  p r o d u c t i o n ,  in  a l l  p r o b a b i l i t y  b e c a u s e  of  
t h e  d i l u t i o n  o f  c o f a c t o r s  a n d  e n z y m e s  i n v o l v e d  in  t h e  ox i -  
d a t i o n  o f  t h e s e  s u b s t r a t e s .  H o m o g e n a t e s  of  e p i m a s t i g o t e s  
m a d e  d y s k i n e t o p l a s t i c  b y  c u l t u r i n g  in  t h e  p r e s e n c e  o f  
5 F g / m l  e t h i d i u m  b r o m i d e  le g e n e r a t e d  H , O  2 j u s t  a s  t h e  
n o r m a l  o n e s .  
T h e  a c c o m p a n y i n g  t a b l e  s h o w s  t h e  p r o d u c t i o n  o f  
H , O ,  b y  s u b c e l l u l a r  f r a c t i o n s .  I t  is  t o  be  s e e n  t h a t  
w i t h  t h e  m i t o c h o n d r i a l  f r a c t i o n ,  a d d i t i o n  of  N A D H  
o r  N A D P H  w a s  e s s e n t i a l  i n  o r d e r  t o  h a v e  m e a s u r a b l e  
r a t e s  of  H , O ,  g e n e r a t i o n ,  N A D H  b e i n g  a b o u t  3 t i m e s  
a s  e f f e c t i v e  a s  N A D P H .  I t  is w o r t h  n o t i n g  t h a t  n e i t h e r  
s u c c i n a t e  n o r  a n t i m y c i n  s t i m u l a t e d  H , O  2 p r o d u c t i o n ,  
d e s p i t e  t h e  p r e s e n c e  o f  s u c c i n a t e  d e h y d r o g e n a s e  a n d  
a n  a n t i m y c i n - s e n s i t i v e  r e s p i r a t o r y  c h a i n  in  T .  c r u z i  
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Fig. 1. Generation of H,O, by T. cruzi epimastigotes. A Normal epi- 
mastigotes (0.5 mg protein/ml) suspended in 130 mM NaC1, 20 mM 
Tris-HC1 buffer (pH 7.2). Where indicated, 0.25 ~tM CCP, 5 mM D- 
glucose (G) and 40 ng/ml D-glucose oxidase (GO) were added. B Epi- 
mastigote homogenate (0.5 mg protein/ml) in 130 mM KC1, 20 mM 
phosphate buffer (pH 7.2); 0.35 p~M CCP. C and D Homogenate, 
0.16 mg protein/ml; where indicated, 0.25 I/.M CCP, NADPH or 
NADH 40 [zM; other conditions were as in B. The numbers near the 
traces indicate H~O= production in nmoles]min 10 e cells. The down- 
ward deflection after CCP addition is due to this latter own absor- 
bance. 

1 This investigation was supported by grants from Consejo 
Nacional de Investigaciones Cientificas y T6cnicas (CONICET) 
Argentina and the Scientific Office, American States Organi- 
zation. 

2 Career Investigator ot CONICET. 
3 R. Gerschman, D. L. Gilbert, S. W. Nye, P, Dwyer and W. O. 

Fenn, Science 119, 623 (1954). 
4 R, Gerschman, in: Oxygen in the animal organism, p. 475. Ed. 

F. Dickens and E. Nell. Pergamon Press, London and New York 
1954. 

5 B. Chance, A, Boveris, N. Oshino and G. Loschen, in: Oxidases 
and related redox systems,  p. 350. Ed. T. E. King, H. S. Mason 
and M. Morrison. University Park Press, Baltimore 1973. 

6 I. Fridovich, Adv. Enzym. 41, 35 {1974). 
7 V .D.  Kallinikova, Acta protozool. 6, 87 (1968). 
8 R. Docampo, J. F. de Boiso, A. Boveris and A. O. M. Stoppani, 

Experientia 32, 972 (1976). 
9 J . D .  Fulton and D. F. Spooner, Biochem. J. 63, 475 (1956). 
10 J . P .  Kusel, A. Boveris and B. T. Storey, Archs Biochem. Bio- 

phys. 158, 799 (1973). 
11 T. Yonetani, in: Methods in Enzymology, p. 336. Ed. R. W. 

Estabrook and M. E. Pullman. Academic Press 1966. 
12 A. Boveris, N. Oshino and B. Chance, Biochem. J. 128, 617 

(1972). 
13 A. Boveris, E. Martino and A. O. M. Stoppani, Analyt. Biochem. 

80, 145 (1977). 
14 E. Cadenas, A. Boveris, C. I. Ragan and A. O. M. Stoppani, 

Archs Biochem. Biophys. 180, 248 (1977). 
15 A.G.  Gornall, C. J. Bardawill and M. M. David, J. biol. Chem. 

177, 751 (1949). 
16 R. Docampo, J. F. de Boiso and A. O. M. Stoppani, Medicina 34, 

525 (1974). 
17 J. F. de Boiso and A. O. M. Stoppani, J. Protozool. 20, 673 

(1973). 
18 J . F .  de Boiso and A. O. M. Stoppani, Proc. Soc. exp. Biol. Med. 

136, 215 (1971). 
19 H . P .  Misra and I. Fridovich, J. biol. Chem. 247, I88 (1972). 

485-575nm 
Adrenochrome qormation / 

/ 7/ 
~ •  ~ 

A) XO B) 

, ~ /  0 . : ) 2 ~  ~ /  train 
i I 

~2 

3~g/rnt 
Superoxide disrnutase 

Fig. 2. Superoxide dismutase activity in T. cruzi homogenates. A 
Generation of 0 -  2 by xanthine oxidase. Reaction medium: 0.23 M 
mannitol,  0.07 M sucrose, Tris-morpholinopropane sulfonate buffer 
30 mM (pH 7.9), 1 mM epinephrine, 0.5 mM xanthine. Where in- 
dicated, xanthine oxidase (XO) was added (1 [~g[ml; specific activity: 
0.61 mU/mg protein. B Inhibition of adrenochrome formation by T. 
cruzi homogenate. Experimental  conditions as iu A;  homogenate, 
1.1 mg proteinlml; xanthine oxidase (XO) and 1 mM KCN where in- 
dicated. The numbers neat  the traces indicate adrenochrome for- 
mation (p~Mlmin). C Inhibition of adrenochrome formation by bovine 
superoxide dismutase, Heart  muscle submitochondrial  particles 
(0.2 mg  protein]ml) in the presence of 7 mM succinate and 0.2 [~M 
antimycin were utilized as source of O-,. 
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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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