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Results. E v i d e n c e  ha s  been  o b t a i n e d  t h a t  the  two 
m e l a n o m a  t issues  e x a m i n e d  differed b o t h  w i t h  r ega rd  to 
t he  c o n c e n t r a t i o n  of t he  p i g m e n t  key  i n t e r m e d i a t e s  and  
t he  t y p e  of p i g m e n t s  p roduced  (Tables I and  II) .  In  
p a r t i c u l a r  t he  m e l a n o m a  me ta s t a s i s  f rom t he  w o m a n  
w i t h  r ed -b rown  ha i r  c o n t a i n e d  on ly  a d a r k  insoluble  
p i g m e n t  w i t h  r a t h e r  h i g h  sulfur  con ten t .  B y  con t ras t ,  
t he  m e l a n o m a  t i ssue  f rom t he  p a t i e n t  w i t h  r ed -b londe  
ha i r  c o n t a i n e d  a m i x t u r e  of a lkal i -soluble  p igment s .  

Pu r i f i ca t i on  of t he  a lkal i -soluble  f rac t ion  on  S e p h a d e x  
G 75 c o l u m n  led to  t he  i so la t ion  of 2 r e d d i s h - b r o w n  poly-  
mer ic  p i g m e n t s  c o n t a i n i n g  n i t r ogen  and  sul fur  in a r a t io  
cha rac t e r i s t i c  of p h a e o m e l a n i n s  i sola ted f rom red ha i r  
and  fea thers .  

Discussion. Most  of our  knowledge  on  m a m m a l i a n  
me lan in s  der ives  f rom s tudies  on ha i r  shown  to c o n t a i n  
2 s epa ra t e  b u t  b iogene t i ca l ly  i n t e r r e l a t ed  classes of 
p igment s ,  t he  dark,  insoluble  eumelan ins  der ived  f rom 
enzymic  o x i d a t i o n  of tyros ine ,  and  the  a lkal i -soluble  
phaeome lan in s ,  r a n g i n g  f rom yelIow to r edd i sh -b rown,  
wh ich  arise f rom a d e v i a t i o n  of the  eume lan in  p a t h w a y  
b y  i n t e r v e n t i o n  of cysteine.  

The  chemica l  n a t u r e  of me lan ins  has  been  sub jec t  to  
l i t t le  a t t e n t i o n  in c u r r e n t  s tud ies  on  m e l a n o m a s .  The  
resul t s  r epo r t ed  in th i s  s t u d y  p rov ide  ev idence  t h a t  t he  
m e l a n o m a  f rom the  r ed -b londe  p a t i e n t  was p i g m e n t e d  b y  
phaeomelan ins .  The  m e l a n i n  p re sen t  in the  m e l a n o m a  of 
the  p a t i e n t  w i t h  r ed -b rown  ha i r  i l lus t ra tes  the  diff icul t ies  
i n v o l v e d  in c lass i fying melanins .  T he  p i g m e n t  resembles  
the  eume lan ins  w i t h  respec t  to  colour  and  inso lub i l i ty  in 
alkalies.  I t  canno t ,  however ,  be r ega rded  as a typ ica l  
e u m e l a n i n  because  of i t s  h i g h  sulfur  c o n t e n t  (5,8%), 
wh ich  is i n c o m p a t i b l e  w i t h  a po lymer  formed only  b y  
ty ros ine  and  re l a t ed  metabo l i t e s .  U n f o r t u n a t e l y ,  the  
smal l  a m o u n t  of m a t e r i a l  ava i l ab le  p rec luded  f u r t he r  

e x p e r i m e n t s  to  gain  i n f o r m a t i o n  on  t he  s t r u c t u r e  of th i s  
m e l a n i n  p igmen t .  The  fac t  t h a t  h u m a n  m a l i g n a n t  me- 
l anocy tes  m a y  p roduce  d i f fe ren t  t ypes  of p i g m e n t s  has  
i m p o r t a n t  impl ica t ions  for p i g m e n t  cell biology, and  m a y  
p rov ide  a chemica l  basis  for t he  c lass i f ica t ion of mela-  
nomas .  

I t  has  p rev ious ly  been  d e m o n s t r a t e d  t h a t  5-S-cyste inyl-  
dopa,  a key  i n t e r m e d i a t e  in  p h a e o m e l a n i n  fo rmat ion ,  is 
p re sen t  in  s u b s t a n t i a l  a m o u n t s  in m a n y  d i f fe ren t  mela-  
n o m a s  i r respec t ive  of t he  t y p e  of p i g m e n t a t i o n  10, 11. The  
r e l a t ionsh ip  be tween  5 -S-cys te iny ldopa  c o n t e n t  a n d  
p i g m e n t  f o r m a t i o n  in m e l a n o m a  has  n o t  been  defined,  
however .  As s h o w n  in Table  I, b o t h  m e l a n o m a s  e x a m i n e d  
c o n t a i n e d  5 -S-cys te iny ldopa  a l t h o u g h  in d i f fe ren t  am-  
ounts .  I n  t he  p a t i e n t  w i t h  r ed -b londe  hair ,  t h e  h igh  con- 
t e n t  of 5 -S-cys te iny ldopa  is qu i t e  cons i s t en t  w i t h  t h e  
presence  of p h a e o m e l a n i n - f o r m i n g  melanocy tes .  The  
presence of smal le r  a m o u n t s  of th i s  m e t a b o l i t e  in t he  
o t h e r  m e l a n o m a  can  also be  exp la ined  in t e r m s  of pig- 
m e n t  f o r m a t i o n  b y  as suming  t h a t  t he  su l fu r -con ta in ing  
' e u m e l a n i n '  p roduced  in t he  me lanocy te s  arises b y  a 
copo lymer i za t i on  process  i nvo lv ing  b o t h  dopa  and  
c y s t e i n y l d o p a  in t e rmed ia t e s .  So far  t he  c o n t e n t  of sulfur  
in  e u m e l a n i n  h a s  b e e n  a t t r i b u t e d  to  S H  b ind ings  of t h e  
p i g m e n t  to  p ro t e in  12. However ,  t he  h i g h  su l fur  c o n t e n t  
found  in t he  insoluble  m e l a n o m a  p i g m e n t  f rom the  
p a t i e n t  w i t h  r ed -b rown  ha i r  c e r t a in ly  c a n n o t  be  exp la ined  
as  der iv ing  f rom sulfur  of prote ins .  

10 G. AGRUP, B. FALCK, S. JACOBSSON, H.  RORSMAN, A.-M. ROSEN- 
GREN a n d  E. ROSENGREN, A c t a  de rm. -vene r . ,  S tockh .  54, 21 (1974). 

11 C. ]~. VOGEL, DI-L DHRU, ]7t. RORSMAN, A.-M. kOSENGREN a n d  E. 
ROSENGREN, A c t a  de rm.vener . ,  S tockh .  54, 19 (1974}. 

12 }~. S. MASON, in Pigment Cell Biology (Ed. M. GORDON; Academic  
Press,  New York  1959), p. 563. 
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Summary .  T r e a t m e n t  of Cholera  t o x i n  w i t h  p a n c r e a t i c  e las tase  and  p a p a i n  in v i t ro  showed a h i g h  res i s tance  of the  
t o x i n  molecule  to  these  enzymes ,  u n d e r  n o n - d e n a t u r i n g  cond i t ions  or in  t he  presence  of 2 M urea.  These  expe r imen t s  
s u p p o r t  t he  h y p o t h e s i s  of a p a r t i c u l a r l y  s t ab le  molecu la r  s t r u c t u r e  of t he  toxin ,  as an  e x p l a n a t i o n  of i ts  a c t i v i t y  in the  
i n t e s t i na l  l u m e n  where  t he  p a n c r e a t i c  p ro teases  are act ive .  

The  exo tox in  p roduced  b y  Vibrio cholerae (Choleragen) 
is a p ro t e in  of molecu la r  we igh t  84,000, c o n s t i t u t e d  of two 
d i f fe ren t  t ypes  of s u b u n i t s l ,  and  i t  exer t s  i ts  toxic  act i -  
v i t ies  in t i le i n t e s t i n a l  l u m e n  where  the  p a n c r e a t i c  pro-  
teases  are act ive .  The  a c t i v i t y  of t he  t ox in  in t he  presence  
of p ro t eo ly t i c  enzymes  could be exp la ined  b y  a p a r t i c u l a r  
molecu la r  s t r u c t u r e  of the  t ox in  itself, r e s i s t a n t  to  t he  
enzymes ,  as well  as to  a n  increased  Choleragen p r o d u c t i o n  
b y  t h e  Vibrio, preva i l i ng  over  t he  i n a c t i v a t i o n  b y  pro-  
teases  2. 

I n  o rder  to  a sce r t a in  t h e  f i rs t  hypo thes i s ,  we t r i ed  to  
d iges t  t he  t o x i n  w i th  t r y p s i n  and  c h y m o t r y p s  in in v i t ro  
expe r imen t s ,  a n d  we d e m o n s t r a t e d  t he  res i s tance  of t he  
molecule  to  these  enzym es  a. To explore  f u r t h e r  th i s  a spec t  
of t he  p rob lem,  we s tud ied  t he  t r e a t m e n t  of Choleragen  
w i t h  p a n c r e a t i c  elastase,  a n o t h e r  e n z y m e  p r e s en t  in t he  
i n t e s t i na l  l u m e n  w i t h  d i f fer ing specif ici ty  in compar i son  
w i t h  t he  enzymes  p rev ious ly  men t ioned .  

Non-phys io log ica l  condi t ions ,  such  as d iges t ion w i t h  
p a p a i n  or t he  presence  of 2 M urea,  were also s tudied,  in  
order  to  ev idence  a pa r t i cu l a r l y  s t ab le  molecu la r  s t r u c t u r e  
of t he  Cholera  toxin .  

Materials and methods. H i g h l y  pur i f ied  Cholera  t ox in  
was p r e p a r e d  accord ing  to SALET'rI e t  al. 4. The  t ox in  was 
cha rac t e r i zed  4 b y  chemico-phys ica l ,  immuno log ica l  and  
biological  m e t h o d s :  po lyac ry l amide  gel e lec t rophores is  
a n d  i m m u n o d i f f u s i o n  on aga r  aga ins t  a specific a n t i s e r u m  

1 R. A. FINKELSTKIN, CRC Crit. Rev. MicrobioI. 2, 553 (1973). 
2 p. NERI, R. }3OTTI, A. t~ICCI, M. SALETTI and P. TARLI, Boll. Soc. 

ital. Biol. sper. d8, 168 (1975). 
3 p. TARLI, A. Rlcci, M. PORRO and P. NERI, IRCS Med. Set. 3, 205 

(1975). 
M. SALETTI, A. RlCCI and P. NERI, in Proc. Symposiuln on Com- 
bined Vaccines, Zagreb, Oct. 3-4, 1972; Izd. Zador Jugosl. Akad. 
Zagreb, p. 75. 
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Table I. Digestion experiments with pancreatic elastase 

Conditions adopted Enzyme activity 
(U/mg) 

0.01 M Tris + 0.1 M KC1; pH 8.0 
a) 25~ 5.3 
b) 37~ 7.6 
e) 37~ 2 M urea 5.0 

Protein concentration: 0.8 mg/ml. Ratio toxin to elastase: 10/1. 
Inenbation time: 180 min. 

Table II. Digestion experiments with papain 

Conditions adopted Enzyme activity 
(U/rag) 

0.4 M NaC1; 37~ 
a) pH 8.0 2.8 
b) pH 8.0; 2 M urea 2.0 

Protein concentration: 0.8 mg/ml. Ratio toxin to papain: 100/1. 
Incubation time: 180 rain. 

showed  a m a i n  b a n d ,  a c c o u n t i n g  for m o s t  of t he  p ro te in  
c o n t e n t  ; t h e  toxic  ac t iv i ty ,  as d e t e r m i n e d  b y  t he  ' b lue ing  
doses '  a s say  (skin test)  in the  r abb i t ,  was 700,000 b lue ing  
doses pe r  m g  of p ro te in .  

The  d iges t ions  were pe r fo rmed  a t  c o n s t a n t  pH,  u n d e r  
n i t r ogen  in a Combi -T i t r eu r  a p p a r a t u s  (Me t rohm AG, 
Swi tze r l and) ;  t h e  a lkal i  u p t a k e  ( index of e n z y m a t i c  di- 
gestion) was  recorded  au toma t i ca l l y .  P a n c r e a t i c  elestase 
(3.4.4.7, Serva,  Ge rmany)  and  P a p a i n  (3.4.4.10, Type  I I ,  
Sigma,  USA)  were t i t r a t e d  w i t h  t he  s y n t h e t i c  s u b s t r a t e s  
N-benzoyi -L-a lan ine  m e t h y l e s t e r  (BAME 5) a n d  N-ben-  
zoyI-L-arginine e thy l e s t e r  (BAEE6) ,  respect ively ,  before 

t he i r  use in t he  d iges t ion  expe r imen t s .  The  cond i t ions  
a d o p t e d  for t he  e n z y m a t i c  t r e a t m e n t s  are shown  in 
Tab les  I and  I I .  

Resul/s and discussion. None  of t he  d iges t ion  schemes  
a d o p t e d  showed ev idence  of a lkal i  u p t a k e  du r ing  t he  
t r e a t m e n t  of t he  t o x i n  w i t h  e i t he r  p a n c r e a t i c  e las tase  or 
papa in .  On t he  o t h e r  hand ,  i t  was  possible  to  evidence  
comple t e  a c t i v i t y  of t h e  enzymes  a t  t he  end  of each  single 
d iges t ion  e x p e r i m e n t  b y  t i t r a t i n g  a n  a l iquo t  of t he  di- 
ges t ion  m i x t u r e s  w i t h  t he  specific s y n t h e t i c  subs t ra t e s .  

Samples  of t he  t o x i n  i n c u b a t e d  w i t h  p a n c r e a t i c  e las tase  
a t  25 ~ and  37~ were also t e s t ed  in o rder  to assay  t he  
effect  of t he  e n z y m a t i c  i n c u b a t i o n  on t he  e lec t rophore t i c  
p a t t e r n ,  aga r  i m m u n o d i f f u s i o n  a n d  biological  toxic  act i -  
v i ty .  The  t ox in  did  no t  show a n y  changes  in these  para -  
meters ,  wh ich  were iden t ica l  to  those  found  in the  t ox in  
samples  m a i n t a i n e d  u n d e r  the  same  e x p e r i m e n t a l  con- 
d i t ions  b u t  in  t he  absence  of t h e  e n z y m e  (b lank  experi-  
ments) .  On t he  o the r  h a n d ,  the  enzymes  showed no effects 
in  a n y  of the  tests .  

The  b l a n k  e x p e r i m e n t s  for t he  samples  i n c u b a t e d  in 
2 M urea  showed a pa r t i a l  mod i f i ca t ion  of the  p roper t i e s  
of the  t o x i n ;  th i s  d e n a t u r a t i o n ,  however ,  was n o t  suf- 
f ic ient  to  al low the  Choleragen  to be a t t a c k e d  b y  the  two 
enzymes .  

The  resu l t s  of these  e x p e r i m e n t s  show t h a t  Choleragen,  
in t he  cond i t ions  adop ted ,  is r e s i s t a n t  to  t he  ac t ion  of 
p a n c r e a t i c  e las tase  and  papa in ,  and  t h e y  s u p p o r t  t he  
hypo thes i s  of a p a r t i c u l a r  molecu la r  s t r u c t u r e  as an  ex- 
p l a n a t i o n  of t he  a c t i v i t y  of t he  t o x i n  in t he  i n t e s t i na l  
lumen.  

More de ta i led  s tud ies  r ega rd ing  e n z y m a t i c  d iges t ion  
of Choleragen,  also in t he  presence  of d e n a t u r a n t s ,  could  
c lar i fy  t he  r e l a t ionsh ip  be tween  molecu la r  s t r u c t u r e  and  
m e c h a n i s m  of ac t ion  of the  toxin .  

5 I). ~V[. SHOTTON, in Methods in Enzymology (Eds. G. E. PERLMAN 
and L. LORANI); Aeadelnic Press, New York 1970), voI. 19, p. 113. 

6 R. ARNON, ill Methods in Enzymology (Eds. G. E. PERI.~IA~ and 
L. LORAND; Academic Press, New York 1970), vol. 19, p. 226. 

Loca l i za t ion  of P e r o x i d a s e  Act iv i ty  in Trypanosoma cruzi M i c r o b o d i e s  ~ 
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Summary. Elec t ron  microscopic  obs e r va t i on  of Trypanosoma cruzi ep imas t igo tes  reveals  t he  presence  of m i c r o b o d y -  
l ike s t ruc tu re s  (microperoxisomes)  in  which  3, 3 ' -d i aminobenz id ine  (DAB) is perox id ized  to e l ec t ron-opaque  mate r ia l .  
The  role of pe rox idase  in D A B  pe r ox i da t i on  is suppo r t ed  b y  t he  enzyme  d e m o n s t r a t i o n  in d i s rup ted  ep imas t igo tes  
and  t he  m i c r o b o d y - c o n t a i n i n g  cell f ract ions .  

Microbodies  ( 'peroxisomes ' ,  'mic roperoxisomes ' )  are 
def ined  as cy top l a smic  s t r u c t u r e s  cha rac t e r i zed  b y  t he  
assoc ia t ion  of one or more  h y d r o g e n  pe rox ide -p roduc ing  
oxidases  w i t h  ca ta lase ,  wh ich  des t roys  t he  h y d r o g e n  per-  
oxide 4 7. The  organel les  are recognized as ub iqu i tous  
s t r u c t u r e s  in l iv ing  cells s, inc lud ing  p ro tozoa  9. I n  t he  
b loods t r eam,  forms of Trypanosoma cruzi ( the a g e n t  of 
Chagas  disease),  ova l  bodies  h a v e  been  p o s t u l a t e d  to be  
pe rox i somes  10. I n c u b a t i o n  of a ldehyde- f ixed  cells in a lka-  
l ine 3, 3 ' - d i aminobenz id ine  (DAB) med ia  is a su i t ab le  
p rocedure  for d e m o n s t r a t i n g  perox isomes  since D A B  
p e r o x i d a t i o n  d e t e r m i n e s  t he  f o r m a t i o n  of e lec t ron-  

opaque  mater ia l ,  easi ly  v isual ized  b y  e lec t ron  micro-  
scopy11,12. I n  th i s  p a p e r  we d e m o n s t r a t e  t he  exis tence  of 
D A B  posi t ive,  mic robody l ike  s t r u c t u r e s  (microperoxi-  
somes) in  the  ep imas t igo t e  (culture)  fo rm of T. cruzi. 

Materials and methods. The  T u l a h u e n  s t r a i n  of T. 
cruzi was g rown in a d iphas ic  m e d i u m  a t  28~ as de- 
scr ibed beforela.  4 days  a f te r  inocu la t ion ,  t he  cells were 
col lected and  r e inocu la t ed  in a l iquid  m e d i u m  m a d e  of 
NaCI (9 g);  N a ~ H P O  4 (7.5 g); KC1 (0.4 g) ; glucose (4.0 g); 
t r y p t o s e  (Difco; 15 g); yeas t  e x t r a c t  (Difco; 5 g);  l iver  
e x t r a c t  (5 g) ; i n a c t i v a t e d  calf s e rum (5 ml) ; h e m i n  (Sigma 
Chemica l  C o m p a n y ;  20 rag, d issolved in  8 ml  of 0.1 N 


