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Summary. The p igmen t s  in me lanomas  f rom 2 pa t i en t s  were s tudied  wi th  regard to  solubi l i ty  and chemical  com- 
posi t ion.  Melanoma p igmen t  f rom a pa t i en t  w i th  red-b londe  hair  was alkali-soluble and conta ined  9 or 10% sulfur 
and was thus  of phaeomelan ic  type .  Melanoma p igmen t  f rom a p a t i en t  wi th  r ed -b rown hair  was insoluble in 0.2 N 
NaOH.  I t s  sulfur con t en t  was 6%. This p igmen t  was eumelanic  wi th  regard to solubil i ty character is t ics  bu t  the  sulfur 
con t en t  was h igher  t h a n  previous ly  observed for eumelanin.  

I t  is now several  years  since i t  was shown t h a t  phaeo-  
melanins,  the  p igments  responsible  for the  d is t inc t ive  
colour of red hair ,  are chemical ly  unre la ted  to  eumela-  
nins, since t h e y  conta in  sulfur and arise f rom a d i f ferent  
metabol ic  p a t h w a y  involving as a key step the  1,6- 
add i t ion  of cys te ine  to  dopaquinone ,  p roduced  by  enzyma-  
t ic oxida t ion  of tyrosine.  This react ion leads to the  for- 
ma t ion  of 5-S-cys te inyldopa  and 2-S-cys te inyldopa  
which  by  ox ida t ion  give rise to phaeomelan ins  a-5. Where-  
as th is  new metabol ic  p a t h w a y  is well es tabl ished wi th  
regard  to  hair  p igments ,  l i t t le a t t en t ion  has been paid to 
the  possibi l i ty  t h a t  phaeomelan in  format ion  m a y  occur 
in cer ta in  melanomas .  In  fact, m a m m a l i a n  me lanomas  
have  been widely  bel ieved to produce  eumelanin.  This 
v iew has been chal lenged by  the  demons t r a t i on  in mela-  
n o m a  of large amoun t s  of 5-S-cys te inyldopa  ", ~, which  is 
one of the  key in te rmed ia tes  in phaeomelan in  format ion .  

Material and methods. Melanoma tissue was ob ta ined  
f rom a liver me tas tas i s  at  nec ropsy  of a 41-year-old man  
who had  red-b londe  hair  and freckles (H.N.). The pa t i en t  
had  died f rom widespread  metas tas i s  of a skin melanoma.  
His  urine had  con ta ined  large amoun t s  of 5-S-cysteinyl-  
dopa  (124 mg/24 h). For  compar ison  a me lanoma  metas-  
tasis  f rom a pa t i en t  wi th  pathological  bu t  smaller  
a m o u n t s  of 5 -S-cys te iny ldopa  (7.0 mg/24 h) in t he  urine 
was also examined.  The me lanoma  tissue was ob ta ined  
f rom a gut  me tas tas i s  of an eye me lanoma  p resen t  in a 
45-year-old w o m a n  wi th  red-brown hair  and freckles 
(M.A.). 5 -S-cys te iny ldopa  and  dopa  were de t e rmined  by  
m e t h o d s  previous ly  descr ibed s, 9. 

Table I. Pigments and key intermediates of two human melanomas 

Red-blonde (H.N.) Red-brown (M.A.) 

5-S-cysteinyldopa (}tg/g) 36 5.4 
Dopa (/zg/g) 3.4 8.9 
Phaeomelanin (/*g/g) 680 None 
Eumelanin (/~g/g) None 8,600 

Table II. Properties of the pigments isolated from two human mela- 
nomas (H.N. and M.A.) 

Pigment Colour Solubility Composition 
in 0.2 37 (%) 
NaOH 

C H N S 

HN 1 red-brown + 44.1 3.7 9.4 
HN-2 red-brown -+- 42.6 3.2 8.2 
M.A. black 49.5 3.0 8.5 

8.8 
10.1 
5.8 

For  the  isolation o/ pigments, 50 g of each me lanoma  
t issue was homogen ized  in 100 ml of 0.2 N HC1 and cen- 
t r i fuged at  34,800 •  for 10 win.  The acid-insoluble pig- 
men t s  were t h e n  t r ea t ed  in accordance wi th  t he  pro-  
cedures out l ined  below. 

Melanoma pigments /rom the patient (H.N.) with red- 
blonde hair. The acid-insoluble f rac t ion was suspended  in 
N HC1 (100 ml) and cent r i fuged at  34,800 •  for 15 min. 
VVashing was repea ted  once wi th  HCI and twice wi th  
H20.  The s u p e r n a t a n t s  were discarded,  and the residue 
was t r ea t ed  twice  wi th  100 ml 0.5 N NaOH at  room 
tempera tu re .  Unde r  these  condi t ions  mos t  of the  pig- 
men ted  mater ia l  was dissolved and the  resul t ing solution,  
clarified by  cent r i fugat ion ,  was  ad jus ted  to pH 1 wi th  
6 N HC1. The prec ip i ta te  con ta in ing  the  phaeomelan ic  
p igments  was collected by  cent r i fugat ion  and f rac t iona ted  
on 2 co lumns  of Sephadex  G 75 (2.6 X77 cm) using 0.1 M 
NaaPO ~ as eluent .  2 ma in  phaeomelan in  bands  (HN-1 
and HN-2) were collected,  which  appeared  after  305 and 
530 ml, respect ively.  T h e y  were dialyzed against  wa te r  
for 3 days,  spun  down, w as h ed  wi th  wa te r  and acetone,  
and dried in vacuo over  P205 to give 21 and 13 mg 
respect ively.  

Melanoma pigment /rom the patient (M.A.) with red- 
brown hair. The acid-insoluble dark  material ,  washed  re- 
p ea t ed l y  wi th  N HC1, 0.5 N NaOH,  and water ,  was 
suspended  ill 0.1 M p h o s p h a t e  buffer,  p H  7.5, and t r ea t ed  
wi th  p ronase  and  collagenase for 1 week. The mix tu re  
was then  d i lu ted  wi th  100 ml of wa te r  and cent r i fuged at  
400 g to give a dark  sed imen t  which  was washed  several  
t imes  wi th  N HC1, and finally wi th  wa te r  and acetone.  
Af ter  drying,  1.0 g of a dark,  amorphous  powder,  in- 
soluble in any  organic solvent ,  was obta ined .  To remove  
still more  prote ins ,  the  p i g men t  was t r ea t ed  by  boil ing 
6 N HCI for 24 h. The p i g m e n t  was collected by centr i -  
fugation,  w as h ed  wi th  wa te r  (3 times) and acetone (3 
t imes),  and dried,  thus  yielding 0.43 g of material .  
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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 .  
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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  
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