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reduc t ion  of the  9-ketone of I I  the  to  9S alcohols of V I I I  
and IX.  Compound  V I I I  arizes f rom the  stereospecific 
reduc t ion  of the  6aS, 10aS isomer  of I I  and I X  resul ts  
f rom the  stereospecific reduc t ion  0 f  the  6aR, 10aR isomer  
o5 I I .  
Compounds  I I I ,  IV  and V occurred in contr61 cul tures  
a lbei t  in amoun t s  < 10% of t h a t  found i n  viable  cul ture  
samples (the amoun t s  of the  t r ans fo rmat ion  p roduc t s  were 
de te rmined  by  scanning th in  layer  dens i t ome t ry  and by  
in tegra t ion  of gasl iquid chromatograms) .  The  small  
amoun t s  of I I I ,  IV  and V formed in the  controls  p robab ly  
resul ted f rom air ox ida t ion  of I. 
The  carboxyl ic  acids, X I V  and XV,  were  isolated f rom a 
hydroca rbon  (alkane) oxidiz ing culture,  Nocard ia  salmoni-  
color ATCC 19149. Not ice  t h a t  t he  alkyl  side chain is 
e i ther  2 or 4 carbon a toms  shor ter  t h a n  the  a lkyl  side 
chain of the  s ta r t ing  subs t ra te  (II). These acids m a y  
arize f rom a f l -oxidat ion mechan i sm similar  to t h a t  
r epor ted  for t he  microbia l  me tabo l i sm of alkanes6. B y  
ana logy  to  a lkane metabol i sm,  I I  m a y  be conver ted  by  
hyd roxy la t i on  of the  side chain t e rmina l  m e t h y l  group 
(C7,) into an in te rmedia te  p r ima ry  alcohol  which  is 
subsequen t ly  oxidized to a t e rmina l  carboxyl ic  acid. 
Consis tent  w i th  this  mechanism,  we have  de tec ted  small  
amoun t s  of o ther  ca rboxyl ic  acids and h a v e  m a d e  t en ta -  
t ive  s t ruc tu re  ass ignments  based on high resolut ion mass 

spect ra l  data .  Based  on these assignments,  t he  micro-  
biological  ox ida t ion  of I I  b y  cul ture  19149 appears  to 
lead to 2 series of carboxyl ic  acids:  one conta in ing  a 
h y d r o x y l  a t  C9, and carboxyl ic  acid side chains of 5, 7, 
and 9 carbon atoms,  respec t ive ly ;  t he  o ther  series hav ing  
a carbonyl  a t  C9, and carboxyl ic  acid side chains of 5, 7, 
and 9 carbon atoms,  respect ively .  
The  react ions described in this  s t udy  m a y  represent  jus t  
a few of t he  m a n y  react ions t h a t  can be ca ta lyzed  using 
microorganisms.  I t  is l ikely t h a t  microorganisms t h a t  
modi fy  I and I I  will  ca ta lyze  similar  react ions wi th  o ther  
cannabinoid  substrates.  I n  addit ion,  m a n y  o ther  meta -  
boli tes  were de tec ted  in our  screening p rog ram t h a t  have  
no t  ye t  been isolated or identified.  Considering the  reac- 
t ions demons t r a t ed  and the  po ten t ia l  t h a t  remains,  we 
bel ieve t h a t  microorganisms will  p lay  an i m p o r t a n t  role 
in the  deve lopmen t  of new and possibly the rapeu t ica l ly  
useful cannabinoids .  
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Summary. Urine  f rom pa t ien ts  w i th  me lanoma  metas tases  is shown to contain,  in addi t ion  to the  previous ly  described 
5-S-cys te inyldopa (I), 2 closely re la ted  metabol i tes  which have  been isolated and ident i f ied as 2-S-cyste inyldopa (II) 
and 2, 5-S, S-d icys te inyldopa  (III) .  

The  u r inary  excre t ion  of 5-S-cys te inyldopa (I) has been 
the  objec t  of ex tens ive  inves t igat ions  showing its signifi- 
cance for the  charac te r iza t ion  o5 the  metabol ic  a c t i v i t y  
of normal  and pathologica l  melanocy tes  3, 4. I n  the  pig- 
m e n t  cell, this  amino  acid is formed by  1, 6-addi t ion of 
cyste ine to dopaquinone  and is subsequent ly  conver ted  
to phaeomelan in  p igments  by  oxidat ion,  cyclisat ion,  and 
coupl ing 5. Norma l ly  only minu te  amoun t s  of 5-S-cystei-  
ny ldopa  are present  in the  urine, whereas  a marked ly  
increased level  of excret ion is observed in the  urine of 
pa t ien ts  ha rbour ing  ma l ignan t  m e l a n o m a  6. 
In  fur ther  scru t iny  of me lanoma  urine for re la ted me tab-  
olites of b iochemical  and/or  cl inical  significance, we have  
isolated 2 addi t iona l  ca techol  amino acids, 2-S-cysteinyl-  
dopa  (II) and 2, 5-S, S-d icys te inyldopa  (III)  (figure). 
I n  a typ ica l  exper iment ,  850 ml  of urine, collected for 
24 h f rom a pa t i en t  wi th  me lanoma  metastasis ,  was ad- 
jus ted  to p H  1 wi th  6 M HC1 and af ter  f i l t ra t ion  was 
passed th rough  a co lumn (1.8 • 10 cm) of Dowex 50 W X4, 
200-400 mesh, H + form. Af ter  a prolonged washing wi th  
0.5 M HC1 (1000 ml), the  co lumn was Muted wi th  2 M HC1 
a t  a f low ra te  of 50 ml /h ;  26 fract ions of 40 ml  each were 
col lected and examined  for the  presence o5 catechol  
amino  acids, bo th  spec t ropho tomet r i ca l ly  in the  range 
220-350 n m  and chromatograph ica l ly  on precoa ted  cel- 
lulose pla tes  (Merck) wi th  n-propanol-1 M HC1 (3 : 2, v /v)  7, 
using as de tec t ing  reagents  a n inhydr in  solution and 3~o 
ethanol ic  FeC1 s. 

F rac t ions  1-8 forming  the  ma jo r  e lut ion peak  were pooled 
and evapora ted  to  dryness  under  reduced pressure to  give 
a colourless residue which was t aken  up in wa te r  and re- 
ch roma tog raphed  on a Dowex  50 W co lumn (1.8 • 10 cm), 
equi l ibra ted  wi th  2 M HC1. E lu t ion  wi th  the  same acid 
so lvent  gave  a ma jo r  peak  f rac t ion (57 rag) corresponding 
to 5-S-cys te inyldopa  (I) and a faster  m o v i n g  band  wi th  a 
v e r y  similar  U V  spect rum.  F u r t h e r  pur i f ica t ion  of  this  
minor  f ract ion on W h a t m a n  3 MM paper  wi th  n-butanol -  
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acet ic  a c id -wa t e r  (60:20:20,  v/V) afforded 10 mg of 
2-S-cysteinyldopa (II) 8 as an amorphous  hygroscopic  
powder,  2max (in 0.1 M HC1) 293 and 255 n m ;  N M R  
(D~O) d 3.14-3.70 (4H, m , - C H ~ - ) ,  4.06-4.36 (2H, m, 
- C H - ) ,  6.89 and 6.99"(each 1H,  ABq,  J 8.3 Hz,  or tho-  
coupled ArH)9. The  s t ruc ture  of 2-S-cys te inyldopa was 
conf i rmed by  a di rect  compar ison of t h e  spectra l  and 
chromatograph ic  proper t ies  of the  isolated p roduc t  w i th  
those  of an au then t i c  sample.  
Frac t ions  14-25 conta ined  a th i rd  ca techol  amino-acid.  
The  fract ions were evapora ted  to dryness and the  residue 
was ch romatographed  on W h a t m a n  3 MM paper  using 
n-propanol-1 M HC1 (3 : 2) as the  eluent.  E x t r a c t i o n  wi th  
0.1 M HC] of the  ma jo r  UV-quench ing  band (R~ 0.28) and 
evapora t ion  of the  ex t r ac t  gave  10 mg  of the  crude com- 
pound,  which was fur ther  purif ied on a co lumn 
(1.5 • 77 cm) of Sephadex  G 25, developed wi th  0.1 M HC1. 
Frac t ions  of 5 ml  were collected and moni to red  b y  the i r  
E ~  a. Frac t ions  21-25 were combined  and evapora ted  to 
dryness to give 3.6 mg of an amorphous  colourless 
powder,  )lm~x 303 and 273 n m  at  p H  1 and 320 n m  at  
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p H  6.8 (phosphate  buffer), N M R  (D20)0 d 3.07-3.80 
(6H, m, - C H 2 -  ), 4.08-4.43 (3H, m, - C H - ) ,  and 7.10 
(1H, s, isolated ArH),  which was ident i f ied as 2, 5-S, S- 
d icys te iny ldopa  (III)  by  compar ison  of the  spectral  and 
chromatograph ic  proper t ies  wi th  those of an au thent ic  
sample.  
Ind i rec t  evidence for the  na tu ra l  occurrence of 2-S- 
cys te iny ldopa  (II) has recent ly  been provided  1~ by  the  
isolat ion of t r ichochrome ]3 f rom a me lanoma  urine, 
while the  d icys te inyldopa  (III)  has previous ly  been iso- 
la ted f rom the  ref lect ing spheres of the  eyes of the  alliga- 
tor  gar, Lepisosteus spa tu la  ~. 
A l though  a quan t i t a t i ve  assessment  of the  exc re to ry  
level  of 2-S-eyste inyldopa and 2 ,5 -S ,S-d icys te iny ldopa  
wi th  respect  to 5-S-cyste inyldopa in me lanoma  urine is 
ou t  of t he  scope of the  present  work, the  da t a  so far  
avai lable  suggest  t h a t  the  re la t ive  rat io  of I, I I  and I I I  
is app rox ima te ly  15: 3: 1. This  is consis tent  wi th  t he  sug- 
gested metabol ic  origin of the  cys te inyldopas  and with 
recent  b iosynthet ic  exper iments  showing t h a t  in v i t ro  the  
addi t ion  of cysteine to dopaquinone  also leads to a mix-  
tu re  of I. I I  and I I I  in a ra t io  v e r y  similar  to t h a t  men-  
t ioned  above 11,x2. I f  the  same re la t ive  rat ios  of 5-S- and 
2-S-cys te inyldopa and of 2, 5-S, S-d icys te inyldopa  can be 
demons t ra t ed  in quan t i t a t i ve  exper iments  on me lanoma  
urine, i t  wil l  p rovide  evidence t h a t  the  dopaquinone-  
cysteine react ion t ak ing  place in the  melanocytes  pro-  
ceeds more or less in the  same w a y  as in model  experi-  
ments .  
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Summary. Bovine  ear  car t i lage contains  more hyaluronic  acid than  do hyal ine  cart i lages of the same animal.  Most  of 
i t  is in the elast in-rich residue no t  ex t rac tab le  by  4 M guanid in ium chloride where i t  is associated wi th  chondroi t in  
sus in low re la t ive  concent ra t ion  and of lower molecular  weight  than  in non-elast ic car t i lage residue. 

The  recent  repor t  2 t h a t  car t i lage proteoglycans  can s t im- 
ulate the  f ibri l lat ion of elast in suggests an addi t ional  role 
for the  g lycosaminoglycans  in elastic cart i lages such as 
t h a t  of bovine  ea r .  The  g lycosaminoglycan  composi t ion 
of ear  car t i lage differs only s l ight ly f rom tha t  of non- 
elastic cart i lages of the  same an imal  bu t  the  chondroi t in  
sulphate  chains are shorter  3 and there  is a small  bu t  
def ini te  increase in the  non-sulphated  fract ion 4. This  
f ract ion includes hyaluronic  acid which, following the  
ini t ial  repor t  of H a r d i n g h a m  and Muir  5, is now known to  
cause the  aggregat ion of car t i lage proteoglycans  even 
though  present  in v e r y  small  quant i t ies  in these tissues 8. 
I n  the present  work  these d is t inct  features  of ear car t i lage 

glycosaminoglycans  have  been studied fur ther  to see 
whe ther  t h e y  are associated wi th  the  presence of elastic 
fibres. 
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