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cen t ra t ions  up to 0.5 mM,  giving near ly  100% react iva-  
t ion,  b u t  h igher  Zn 2+ concen t ra t ions  caused a consider-  
able inhibi t ion.  Ca s+ was cons iderably  less effective, and 
much  higher  concen t ra t ions  were required.  The small  
a m o u n t  of purif ied enzyme ob ta ined  did no t  allow the  
de t e rmina t i on  of the  meta l  con ten t s  of the  meta l loprote in .  

Since CaC1 s was required for the  p roduc t ion  of the  
protease,  i t  m i g h t  be supposed  t h a t  the  d iva len t  ca t ion 
p resen t  in the  me ta l loenzyme  was Ca s+. However ,  as 
shown in Figure  2, o-phenant ro l ine  a t  concen t ra t ions  up 
to  1 m M  inh ib i ted  the  enzyme even in the  presence of 
10 m M  CaCls, thus  indicat ing t h a t  the  d iva len t  ca t ion 
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Fig. 2. Inhibition of the extracellular protease from Ps. ]luorescens 
by o-phenantroline. 0.1 mI of purified enzyme preparation, previously 
exhaustively dialyzed against 20 mM Tris-tlC1 buffer (pH 7.6), was 
assayed as described under Methods except for the buffer, which 
was 30 mM Tris-acetate (pH 6.6), and o-phenantroline, which was 
directly added to the assay mixtures at the concentrations stated 
on the abcissa, in the absence (O) or in the presence (�9 of 10 mM 
CaCI~. h~ order to avoid interference by o-phenaatroIine, after 
centrifugation a 1 ml-aliquot of the supernatant of the assay mixture 
was added 2 ml of 1 M NaOH and 0.5 ml of Folin-Ciocalteau's 
phenol reagent, diluted 1/a15. After 30 min at room temperature, the 
absorbance of the solutio~ at 750 am was read and taken as an ex- 
pression of the enzyme activity. Blanks, to which trichloroacetie 
acid was added before the enzyme, were substracted. The enzyme 
activity is expressed as percent of the enzyme activity in the absence 
of the inhibitor (A A75o~,Imit~ = 0.11). 

ac t ing  as p ros the t i c  group is no t  Ca 2+, being p ro b ab ly  
one of the  cat ions  able to fo rm s t rong  complexes  w i th  
o-phenantrol ine ,  such as Co s+ or Zn s+. A similar  f inding 
has  been  repor ted  for the  alkaline p ro tease  of Ps. aeru- 
ginosa t3. 

CaCI2, which  is known  to stabil ize some extracel lu lar  
protease*,  did no t  p ro t ec t  the  Ps./luorescens enzyme,  
which  was a lmost  comple te ly  inac t iva ted  af ter  incuba t ion  
a t  50 ~ for 10 rain, e i ther  in t he  absence  or in the  presence  
of 5 m M  CaC1 s. 

The resul ts  p resen ted  in th is  communica t ion  show t h a t  
Ps. fluorescens produces  an extracel lu lar  pro tease  able to 
digest  casein wi th in  a p H  range wider  t h a n  t h a t  r epo r t ed  
for the  enzymes  purif ied f rom o ther  Pseudomonas 3,5. 
The molecular  weight  of the  enzyme  is similar to t h a t  re- 
po r t ed  for the  pro teases  f rom Ps.maltophilia 4 and Ps. 
]ragi ~, b u t  s ignif icant ly  lower  t h a n  t h a t  of the  alkaline 
pro tease  of Ps. aeruginosa 1~. The Ps./luorescens protease  
is a meta l loenzyme,  as the  enzymes  p roduced  by  o the r  
Pseudomonas 3, 4, 5, b u t  in our  case a s table  apoenzyme  
was ob ta ined  by  dialysis agains t  E D T A  for r a the r  long 
per iods  of t ime.  The lack of enzyme reac t iva t ion  by  di- 
alysis aga ins t  disti l led wa te r  suggests  t h a t  in the  case of 
the  Ps.fluorescens pro tease  the  meta l  p ros the t ic  group 
was ac tual ly  removed,  and no t  s imply  masked,  by  the  
chela t ing  agent .  The second possibi l i ty  is t h o u g h t  to  be 
t rue  for the  Ps. aeruginosa 14 enzyme.  The d iva lent  ca t ion  
bound  to the  apoenzyme  migh t  be Co s+ or Zn s+, as sug- 
ges ted by  the  grea ter  effect iveness  of these  cat ions for the  
r econs t i tu t ion  of the  ho loenzyme (Figure 1) and by  the  
inhib i t ion  b y  o-phenant ro l ine  in the  presence  of CaC1 s 
(Figure 2). 

Since only  one pro teo ly t ic  enzyme w a s  de tec ted  in the  
cul ture  s u p e r n a t a n t s  of Ps. [luorescens, and i t  was able to 
digest  casein a t  neu t ra l  pH,  the  pro tease  descr ibed here 
can be considered responsible  for the  gelat ine hydrolys is  
which  is one of the  pheno typ i c  charac te rs  of Ps.fluo- 
~ , . e s c e n s  g . 
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Summary. The presence  of two  phaeomelan ic  p igments ,  t r i chochrome B and  C, was d e m o n s t r a t e d  in the  urine of a 
p a t i e n t  w i t h  m a l i g n a n t  m e l a n o m a  metas tases .  

Tr ichochromes  3-5, fo rmer ly  n a m e d  tr ichosiderins,  are 
a unique  group of amino acidic p igments  possessing 
a A2,2 ' -b i - (2H-1,4-benzothiaz ine)chromophor  e (Figure), 
which accounts  for the i r  charac ter i s t ic  p H - d e p e n d e n t  vis- 
ible spectra .  They  are the  s imples t  group of phaeomelan ic  
p igments ,  and are fo rmed in melanocy tes  by  a dev ia t ion  
of the  eumelanin  p a t h w a y  involving as key s tep  the  1,6- 
addi t ion  of cys te ine  to dopaqu inone  to give 5-S- and  2- 
S-cys te inyldopa .  

Unlike eumelanin,  which  occurs in several  types  of pig- 
m e n t e d  tissues, t r i chochromes  have  so far been found  
only  in cer ta in  red hair  and  feathers ,  and it has  been  
sugges ted  t h a t  the i r  fo rma t ion  is somehow res t r ic ted  to  
these  kerat iu ized s t ructures .  The recen t  f inding of large 
amo u n t s  of 5 -S-cys te iny ldopa  in the  urine of me l an o ma  

pat ients~,  ~ led us to look for t r i chochromes  in the  urine 
of a p a t i en t  wi th  me l an o ma  metas t a ses  and mark ed ly  
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e levated  ur inary  excre t ion  of 5-S-cys te inyldopa  and  re- 
la ted  metabol i tes .  

Mater ia l  and methods. Urine  was ob ta ined  f rom a male 
pa t i en t  aged 46 years  wi th  red-b lond  hair. He  had  been 
opera ted  on for a cu taneous  melanoma,  and had  wide- 
spread  metas tases .  24-hour specimens  were collected in 
plast ic  bot t les  conta in ing  50 ml  of acetic acid and 1 g of 
sodium metab isu lph i te .  De te rmina t ion  of 5-S-cysteinyl-  
dopa  and  dopa  + dopamine  was carried out  by  m e t h o d s  
previously  descr ibed 8, ~. 

Authen t ic  samples  of deca rboxy t r i choch rome  B and 
C were ob ta ined  as follows, 22 mg of a mix tu re  of 2-S- and 
5-S-cys te inyldopa  (molar ra t io  c. 1:9) was dissolved in 
a small  volume of 0.1 N HC1. The solution was passed on 
a co lumn (2 • 10 cm) of Dowex  50W'-X4, 200-400 mesh, 
H+ form. After  washing  wi th  wa te r  (200 ml), the  co lumn 
was t r ea t ed  wi th  0.5 N NaOH,  and  yielded a brownish-  
yellow eluate  which  was acidified to  p H  1 wi th  6 N HC1 
and  boiled for 20 min.  The  redd i sh -b rown solut ion so 
ob ta ined  was r e - ch roma tog raphed  on a Dowex  50W 
column equi l ibra ted  wi th  0.1 N HCI. Af te r  washing  as 
before, e lut ion was f irs t  pe r fo rmed  wi th  0.2 M sodium 
acetate ,  which r emoved  mos t  of the  coloured mater ia l ,  
and finally wi th  0.1 N NaOH.  The alkaline eluate was 
ad jus ted  to p H  3 and  the  p rec ip i t a t ed  p igmen t s  were col- 
lected b y  cent r i fugat ion ,  dissolved in 0.1 N HC1, and 
I rac t iona ted  by  paper  c h r o m a t o g r a p h y  on W h a t m a n  
3MM wi th  isopropanol  - formic  acid - concen t ra t ed  HC1 
(30:70:1,  v/v).  The red bands  cor responding  to decar-  
b o x y  t r i chochrome  B (lower Rf  value) and  deca rboxy  
t r i chochrome C were cut  out  and e luted wi th  0.1 N NaOH.  
Quan t i t a t i on  of the  p igmen t s  so ob ta ined  was done by  
spec t ropho tome t ry .  

Isola t ion of t r i chochromes  f rom the  me lanoma  urine 
was carried out  by  the  following procedures.  1. A urine 
sample  (10 ml) was acidified to p H  1 wi th  6 N HC1 and 
boiled for 10 min to  conve r t  t r i chochromes  B and  C into 

the  cor responding  deca rboxy  der ivat ives .  I sopropanol  
(10 ml) was then  added  and the  mix tu re  was sa tu ra t ed  
wi th  NaC1. Af ter  shaking for 5 min, the  isopropanol  l a y e r  
was w i t h d r a w n  and  evapora t ed  to dryness.  The residue 
was dissolved in a small  volume of 0.1 N HC1 and  analyzed 
di rec t ly  by  TLC on cellulose using isopropanol- formic  acid- 
concen t ra t ed  HCI (30: 70: 1) as eluent.  

2. A 24-hour urine sample  was acidified to p H  1 wi th  
6 N HC1 and passed on a column (2 • 15 cm) of Dowex 
50W-X4, H + form. After  washing  wi th  N HC1 (450 ml), 
2 N HC1 (1200 ml), and  water  (200 ml) to remove  cysteinyl-  
dopas  and re la ted  metabol i tes ,  the  co lumn was  eluted 
wi th  0.5 N NaOH,  and a brownish-yel low fract ion con- 
ta in ing  t r i chochromes  was collected, acidified to p H  1, 
and boiled for 15 min.  The resul t ing  redd i sh-brown so- 
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l u t ion  was passed  on  a smal ler  co lumn  (2 •  cm) of 
Dowex  50W which  was t h e n  washed  w i t h  N HC1 (100 ml), 
w a t e r  and  0.2 M sod ium ace t a t e  un t i l  t he  p H  of the  ef- 
f luen t  rose to  5. S u b s e q u e n t  e lu t ion  w i t h  0.1 N N a O H  
gave  a b rownish-ye l low f rac t ion  which,  ~after ac id i f ica t ion 
and  evapora t i on ,  was  f u r t h e r  pur i f ied  b y  c h r o m a t o g r a p h y  
on a co lumn (1.5 • 20 cm) of S e p h a d e x  LH-20  us ing  m e t h -  
anol-2 N HC1 (95:5) as e luent .  U n d e r  t he se  condi t ions ,  
a wel l -def ined red b a n d  a p p e a r e d  which  was collected and  
e v a p o r a t e d  to dryness .  The  res idue was dissolved in a 
m i n i m u m  vo lume  of 0.1 N HC1. The  resu l t ing  so lu t ion  
was f i rs t  ana lyzed  s p e c t r o p h o t o m e t r i c a l l y  to  d e t e r m i n e  
the  t o t a l  yield of t h e  p igment s ,  and  was s u b s e q u e n t l y  
f r a c t i o n a t e d  b y  p a p e r  c h r o m a t o g r a p h y  on  W h a t m a n  
3MM w i t h  i sopropanol - fo rmic  ac id - concen t r a t ed  HC1 
(30 :70 :1) .  

3. A sample  of ur ine  (100 ml) was  ad ju s t ed  to  p H  13 
w i th  5 N N a O H  a n d  lef t  a t  room t e m p e r a t u r e  for 72 h 
u n d e r  a n  oxygen  c u r r e n t  to  c o n v e r t  cys te iny ldopas  in to  
s table ,  colourless b e n z o t h i a z i n e  de r iva t i ve s  10. The  oxi- 
dized ur ine  was t h e n  acidif ied to  p H  1 w i th  6 N HC1 a n d  
passed on  a co lumn  (2 • 10 cm) of Dowex  50 W, H+ form. 
Af te r  wash ing  w i th  N HC1 (150 ml) a n d  water ,  t he  co lumn 
was e lu ted  w i th  0.5 N N a O H  to give a t r i chochrome-con-  
r a in ing  f r ac t ion  which  was worked  up  as descr ibed in 
m e t h o d  2. 

As a cont ro l  to  m e t h o d  3, a so lu t ion  of 5-S-cys te inyl -  
dopa  in 0.1 N N a O H  was t r e a t e d  exac t ly  as the  m e l a n o m a  
urine.  

Results. Because  of t he  presence  of large a m o u n t s  of 
5 -S-cys te iny ldopa  an d  re l a t ed  metabo l i t e s ,  e x a m i n a t i o n  
of the  m e l a n o m a  ur ine  was car r ied  ou t  b y  t he  3 proce-  
dures  descr ibed  above ,  all  of which  gave  s imilar  results .  

1. Isopropanol extraction o/ trichochromes. C h r o m a t o -  
g raph ic  analys is  of the  i sopropano l  e x t r a c t  ob t a ined  f rom 
m e l a n o m a  ur ine  revea led  t he  presence  of 3 red p igments ,  
2 of which  showed  p H - d e p e n d e n t  colours and  Rf  va lues  
iden t ica l  to  those  of d e c a r b o x y t r i c h o c h r o m e  B and  C. 
The  3rd spot  showed no colour  change  when  exposed to 
a m m o n i a  vapour ,  and  showed an  1Rf va lue  which  did no t  
cor respond  to a n y  h i t h e r t o  k n o w n  t r i chochrome .  

2. Isolation of trichochromes a/ter removal o/ pigment 
precursors by ionic exchange resin. F r a c t i o n a t i o n  of t he  
m e l a n o m a  ur ine  on Dowex  50"vV co lumns  followed b y  
c h r o m a t o g r a p h y  Of the  c rude  p i g m e n t  m i x t u r e  on a 
S e p h a d e x  LH-20  co lumn  w i t h  m e t h a n o l - 2  N HC1 (95:5) 
gave  a single red b a n d  w i t h  a b s o r p t i o n  m a x i m a  a t  533 n m  
in 2 N HC1 and  460 n m  in 0.1 N NaOH,  co r respond ing  to 
d e c a r b o x y t r i c h o c h r o m e  C + B .  The  to t a l  a m o u n t  of these  
p igmen t s ,  d e t e r m i n e d  spec t ropho tome t r i ca l l y ,  was found  
to  be 5 mg/24  h. S u b s e q u e n t  c h r o m a t o g r a p h y  of the  mix-  
t u r e  on  W h a t m a n  3 MM p a p e r  led to  t he  i so la t ion  of 
pu re  d e c a r b o x y t r i c h o c h r o m e  C and  B, a long w i th  t race  
a m o u n t s  of t r i c h o c h r o m e  E and  F ident i f ied  b y  t he i r  
c h r o m a t o g r a p h i c  and  spec t ra l  proper t ies .  

3. Isolation o/ trichocheomes after removal o/ pigment 
precumors by oxidation in alkaline medium. W o r k - u p  of 
t he  m e l a n o m a  ur ine  b y  th i s  procedure ,  i nvo lv ing  in i t ia l  
ox ida t ion  of the  p i g m e n t  p recursors  p re sen t  w i th  oxygen  
a t  p H  13, led aga in  to t he  i so la t ion  of deca r boxy t r i cho -  
ch rome  C and  B, whereas  no  t r i c h o c h r o m e  E or F was 
ob ta ined .  The  t o t a l  a m o u n t  of d e c a r b o x y t r i c h o c h r o m e  
C + B  excre ted  was e s t i m a t e d  s p e c t r o p h o t o m e t r i c a l l y  
a f te r  pur i f i ca t ion  on  S e p h a d e x  LH-20,  and  found  to be 
9 rag/24 h .  

Discussion. D u r i n g  the  in i t ia l  p h a s e  of our  work, search  
for t r i c h o c h r o m e s  in t he  m e l a n o m a  ur ine  was car r ied  o u t  
b y  a modi f i ca t ion  of the  p rocedure  p rev ious ly  descr ibed  
for t he  isola t ion of p i g m e n t s  f rom red  ha i r  a n d  fea thers  ~. 

The  m e t h o d  invo lves  p r e l im ina ry  pur i f i ca t ion  of the  ur ine  
on s t rong ly  ca t ion ic  exchange  resin,  a n d  s u b s e q u e n t  hea t -  
ing of the  p i g m e n t  m i x t u r e  in acid m e d i u m  to  conve r t  t he  
yel low u n s t a b l e  t r i c h o c h r o m e  B a n d  C in to  the  corre- 
spond ing  deca rboxyde r iva t i ve s ,  wh ich  possess more  fa- 
v o u r a b l e  a n a l y t i c a l  proper t ies .  

Us ing  t h i s  p rocedure  large a m o u n t s  (up to 30 mg/24 h) 
of d e c a r b o x y t r i c h o c h r o m e  C and  B along w i t h  smal ler  
q u a n t i t i e s  of t r i c h o c h r o m e  F and  E were o b t a i n e d  f rom the  
ur ine  of severa l  p a t i e n t s  w i t h  m e l a n o m a  m e t a s t a s e s  and  
h igh  u r i n a r y  exc re t ion  of 5-S-cys te inyldopa .  S u b s e q u e n t  
expe r imen t s ,  however ,  revealed  t h a t  p a r t  of t he  t r icho-  
ch romes  i so la ted  f rom ur ine  could be a r t i f ac t s  a r iz ing  f rom 
aer ia l  ox ida t i on  of 5 -S-cys te iny ldopa  a n d  re l a t ed  m e t a b -  
oli tes d u r i n g  t he  work-up  p rocedure .  Indeed ,  when  a 
so lu t ion  of pu re  5 -S-cys te iny ldopa  was used in t h e  above-  
m e n t i o n e d  p rocedure  i n s t ead  of m e l a n o m a  ur ine  a good 
yield of d e c a r b o x y  t r i c h o c h r o m e  C was o b t a i n e d  a~. The  
same  e x p e r i m e n t  us ing  a m i x t u r e  of 5-S- and  2-S-cyste in-  
y l d o p a  also led to t he  f o r m a t i o n  of deca rboxy t r i cho -  
ch rome  B. I n  fact ,  t h e  p rocedure  p r o v e d  to be ideal  as a 
b iogene t i c - type  syn thes i s  for p r e p a r i n g  deca rboxy t r i cho -  
c h r o m e  B a n d  C f rom cys te iny ldopas .  

In  the  l igh t  of  the  above  f indings,  we t h e n  w e n t  on to 
develop t he  3 ana ly t i ca l  p rocedures  repor ted ,  wh ich  
p r o v e d  to b e  of va lue  for a s ce r t a i n ing  t he  a c t u a l  ex- 
c re t ion  of t r i c h o c h r o m e s  in me la l l oma  ur ine  w i t h o u t  a r t i -  
fac t  f o r m a t i o n  due  to the  co-presence  of p i g m e n t  pre-  
cursors.  

Analys i s  of the  ur ine  w i th  m e t h o d s  1 or 3 showed  only  
t he  presence  of t r i c h o c h r o m e  B a n d  C, whereas  us ing  
m e t h o d  2 smal l  a m o u n t s  of t r i c h o c h r o m e  E a n d  F were 
also ob ta ined .  I t  shou ld  be noted ,  however ,  t h a t  large 
a m o u n t s  of t r i c h o c h r o m e  E a n d  F are p roduced  b y  aerial  
ox ida t ion  of cys te iny ldopas  p r e sen t  in the  ur ine  dur ing  
acid e lu t ion  of t he  Dowex  co lumnla .  A l t h o u g h  t he  bu lk  
of these  p i g m e n t s  is Muted b y  p ro longed  wash ing  w i th  
2 N HC1, some m a t e r i a l  ev iden t ly  r ema ins  on  the  resin 
and  is t h e n  found  in the  a lkal ine  eluate .  The  smal l  a m o u n t s  
of t r i c h o c h r o m e  E and  F de t ec t ed  in the  u r ine  w i th  
m e t h o d  2 m u s t  the re fo re  be  r ega rded  as ar t i fac ts .  
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