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t r e a t m e n t s  were only  par t i a l ly  successful  a t  inducing 
even tua l  ecdysis,  animals  which  did no t  respond  wi th  
p remol t  d e v e l o p m e n t  to s tage D 1 were given a second 
t r e a t m e n t  of the  same amount .  The resul ts  show (table 1) 
t h a t  in the  summer ,  the  lobsters  r e sponded  to  the  ace ta tes  
as t h e y  had  in win te r  4 and  t h a t  t he  pr incipal  ace ta te  of 
t he  m i x t u r e  p roduced  the  same response  as the  crude 
ace ta t e  mixture .  All dea ths  ind ica ted  in tables  1 and  2 
were of lobsters  in late p remol t  ( approx imate ly  a t  ecdysis). 
Our crys ta l l ine  ace ta te  mel ted  at  147~ which  agreed 
wi th  one publ i shed  mel t ing  po in t  for ecdys te rone  tr iace-  

Table 2. Treatment of male and female lobsters with graded doses 
of ecdysterone triaeetate 

Treatment* Number** of Average time from last 
([zg EAc3/g ) treatment*** to 

lobsters molts deaths molt death 

Experiment 1, males 
Em (control) 10 0 0 
0.60/Em 10 1 0 44 
1.3/Em 10 2 0 47 -t- 12 
2.5/Em 10 7 0 38 =k 8.1 
4.0/Em 10 7 3 30 • 2.6 
5.0/Era 10 6 4 32 -t- 6.4 

Experiment 2, females 
Em (control) 8 ' 0 0 
0.6/Em 8 1 0 64 
1.3/Em 8 1 0 62 
2.5/Era 8 5 0 51 • 1.1 
4.0/Era 8 7 0 32 -t- 3.8 
5.0/Em 8 8 0 36 -4- 8.4 

Experiment 3, males 
EtOH 
(control) 5 0 0 
0.6/EtOH 5 1 0 63 
1.3[EtOH 5 3 0 48 3= 15 
2.5/EtOH 5 4 0 31 i 3.4 

20 • 11 
29 -t- 6.5 

*Em, FIA emulsion; EtOH, solution in 95% ethanol. **All lobsters 
were intermolt or early premolt (stage C to Do). Groups were selected 
by random numbers. *** Second treatment was 70 days after first. 

ra te  (EAc3) 5, b u t  we were unable  to  get  ag reemen t  w i th  
ano the r  6. However ,  we have  concluded t h a t  our  crys ta ls  
were ecdys te rone  t r i ace ta te  since 100 MHz N M R  clearly 
showed the  presence  of only  3 ace ta te  me t h y l  groups wi th  
t he  res t  of the  s p ec t ru m like t h a t  of ecdysterone.  
The resul ts  of dose- response  re la t ionship  for EA% in 
win te r  caugh t  lobs ters  are shown in table  2. Ea r ly  p remol t  
(C-Do or Do)4 male  and female  lobsters  were selected. 
T r e a t m e n t s  were made  in the  same m a n n e r  as previous ly  
(and above) b u t  w i th  a grea te r  dose range.  Again the  f i rs t  
t r e a t m e n t  had  l i t t le visible effect  and  was therefore  fol- 
lowed by  a second of the  same size. The resul ts  (see 
table  2) show an a b r u p t  change  frofn an effect ive dose a t  
2.5 [zg/g to a largely ineffect ive one a t  1.3 in a man ne r  
r emin i scen t  of resul ts  wi th  ecdys te rone  2 b u t  unlike t h e m  
in t h a t  EAca- t rea ted  animals  m o l t e d .  Male and  female 
lobsters  r e sponded  alike. Li t t le  normal  p remol t  develop-  
m e n t  occurred in t he  controls ,  therefore  the  ecdyses  ob- 
served were clearly forced b y  the  t r e a t m e n t .  
Whi le  emuls ions  were used in our f i rs t  successful t r ea t -  
m e n t s  4 t h e y  were undes i rable  as t h e y  would no t  allow 
precis ion in in jec ted  doses. We  therefore  conduc ted  an  
e x p e r i m e n t  (table 2) to t e s t  for t he  effect iveness  of in- 
t r amuscu la r  in jec t ions  of EAc3 in e thano l  (0.1 ~zl/g). Again, 
a second t r e a t m e n t  was requi red  to  induce ecdysis.  I t  
would appear  t h a t  the  E A %  was a t  least  as effect ive 
given th is  way  as in F I A  emuls ion (table 2) and p ro b ab ly  
s o mew h a t  more  effective due  to more  accurate  dosage. 
We conclude t h a t  a t  the  correc t  dosage, pure  EA% can 
force lobsters  in to  w h a t  appear  to  be normal  molts ,  and  
t h a t  the  emulsions we originally used were no t  necessary.  
Overdoses  of EAc 3 induce le thal  p remol t  d e v e l o p m e n t  
like ecdys te rone  (table 1). Since the  difference in effec- 
t iveness  be tween  ecdys te rone  and i ts  t r i ace ta t e  is so clear 
cut  wi th  the  lobster ,  a r e -examina t ion  of the  d e v e l o p m e n t  
induced  by  ecdys te rone  in o the r  c rus taceans  and insects  
should be done b u t  wi th  careful  dose-response de te rmina-  
t ions.  

5 S. Imai, T. Toyosato, M. Sakai, Y. Sato, S. Fujioka, E. Murata 
and M. Goto, Chem. pharm. Bull. J7, 340 (1969). 

6 M. N. Galbraith and D. H. S. Horn, Aust. J. Chem. 22, 1045 
(1969). 

C O G I T A T I O N E S  

H o w  to v i ew s tereoscopic  pictures  of crysta l  s tructures  and molecu lar  m o d e l s  

U. S6quin 

lnsti tut  /iir Organische Chemic der Universitiit, St.-Johanns-Ring 19, CH-4056 Basel (Switzerland), 9 March 7977 

Summary. Methods  are p resen ted  for prac t ic ing  the  viewing of s tereoscopic  p ic tures  of c rys ta l  s t ruc tu res  and molecular  
models  w i thou t  opt ical  aids. 

Our world,  including chemis t ry ,  is three-d imensional .  
Thus,  a n y  two-d imens iona l  r ep re sen ta t ion  of c rys ta l  
s t ruc tures ,  molecular  models  and  the  like in books or 
journals  is a sor t  of compromise .  Pe r spec t ive  drawings  for 
ins tance,  can evoke the  feeling of space and  shape only  to  
a cer ta in  ex ten t .  There  exist ,  however ,  several  procedures  
for t he  p r in t ing  of s tereoscopic  pictures.  These pictures ,  
when  proper ly  viewed,  give realist ic  th ree -d imens iona l  
impressions.  
The X o g r a p h  t echn ique  was used to  i l lus t ra te  enzyme-  
subs t r a t e  in te rac t ion  in the  case of lysozymel .  This pro-  
cedure  gives beaut i fu l  colour p ic tures  which  show full 
t h ree -d imens iona l i ty  wi th  no  need  for opt ical  devices or 
special  v iewing skills. H o w e v e r ,  Xographs  canno t  be 

p r in t ed  on regular  pages as t h e y  have  to be l amina ted  
wi th  a plast ic  v iewing screen. Accordingly  the  p roduc t ion  
costs  are p roh ib i t ive ly  high.  
A. Meister  e t  al. publ i shed  s t e reopho tographs  of C P K  
models  of ~-aminoadipic  acid enan t iomers  and analogs ill 
connec t ion  wi th  a s tudy  on the  subs t r a t e  specifici ty of 
sheep bra in  g lu tamine  syn the t a se  ~. The p ic tures  were  
p r in t ed  in such a w a y  t h a t  a th ree -d imens iona l  v iew of tile 
models  could be seen wi th  t he  aid of a mirror .  

R. A. Harte and J. A. Rupley, J. biol. Chem. 243, 1663 (1968). 
V. P. Wellner, M. Zoukis and A. Meister, Biochemistry 5, 3509 
(1966); H.  M. Kagan and A. Meister, Biochemistry 5, 2423 
(1966); Biochemistry 5, 725 (1966). 
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A n o t h e r  possibi i i ty  is to p r in t  the  2 f rames  which  are to  
be seen b y  the  r igh t  and  left  eyes, respect ive ly ,  on top  of 
each  other ,  b u t  in 2 d i f fe rent  colours, typ ica l ly  red and  
green. They  have  to  be v iewed t h rough  cor responding ly  
coloured glasses to p roduce  the  s tereoscopic  image. This 
t echn ique  was used in an inorganic  chemis t ry  t e x t b o o k  
to  i l lus t ra te  the  t e t r ahed ra l ly  s u b s t i t u t e d  carbon  a tom,  
molecular  s t ruc tures ,  opt ical  i somer ism and  crys ta l  la t-  
t ices s. 
The mos t  s imple m e t h o d  of reproduc t ion ,  however ,  is to 
p r in t  the  2 f rames  side by  side. This  is called a s tereo-  
scopic pa i r  v iew of the  c rys ta l  s t ruc tu re  or molecular  
mode l  in quest ion.  Such stereo pairs  o f ten  are compu te r -  
gene ra ted  f rom crys ta l lographic  da t a  by  means  of the  
O R T E P  p rog ram 4. Or t h e y  can be ob ta ined  when  pho to -  
g raphs  of an ob jec t  are t a k e n  f rom 2 s l ight ly  d i f fe rent  
camera  posi t ions.  
O R T E P  pairs  are widely  used for t he  r ep resen ta t ion  of 
c rys ta l  and  molecular  s t ruc tures  and  un i t  cell packings.  
Volumes  58 and  59 of Helve t ica  Chimica Acta  p re sen ted  
more  t h a n  40 such pairs,  whereas  in vo lume 98 of the  
Jou rna l  of the  Amer ican  Chemical  Socie ty  even far  more  
t h a n  100 were publ ished.  In  a similar  w a y  compu te r -  
gene ra ted  stereo pairs  of p ro te in  s t ruc tu res  have  been  
p r i n t ed  in journals  5 as well as in tex tbooks% A stereo 
p ic ture  even appeared  in an a d v e r t i s e m e n t  for a general  
c h e m i s t r y  t e x t  7. 
Stereoscopic  p h o t o g r a p h s  of molecular  models  and  o the r  
objec ts  have,  on the  o ther  hand ,  been  publ i shed  only  
spar ingly.  E lec t ron  dens i ty  m a p  and  K e n d r e w  models  of 
r ibonuclease  S were shown for ins tance  by  Wyckof f  
e t  al. s, and  s tereo pho tos  of Dreiding models  of oligonu- 
cleot ide helices appeared  in a paper  f rom our l abora to ry  9. 
Stereoscopic  pa i r  views, which  are as easily p repa red  as 
r i ley can be viewed,  are far super ior  to  any  kind of per-  
spect ive  drawing,  as soon as only  mode ra t e ly  complex  
s te reochemica l  re la t ionships  are to be shown. Figure  1 
p resen t s  a perspec t ive  d rawing  of a polycycl ic  molecule 
ob ta ined  f rom an in t ramolecular  cyc loaddi t ion  of a bi- 
n a p h t h y l  c o m p o u n d  1~ One has to s t u d y  th is  d rawing  
careful ly  to make  out  the  overal l  s t e reochemis t ry  of the  
molecule,  which can be perce ived  at  the  f i rs t  glance f rom 
the  'corresponding s tereoscopic pai r  (figure 1). 
Viewing stereo pairs without optical aid. One can look a t  
s tereoscopic  pairs  using a viewer  m u c h  like using a stereo 
slide viewer.  B u t  w i th  some pract ice ,  s tereo pairs  can 
easily be v iewed w i t h o u t  any  opt ical  devices.  Many  
chemis t s  are no t  aware of th is  and  s imply  disregard stereo 
pairs  which  t h e y  encoun te r  in the  l i terature .  Therefore  
some h in t s  are given below for the  correc t  v iewing of 
s tereo pictures.  

The p ic tures  should  be well and  evenly  i l luminated  and  
should lie flat,  and  no t  be s l igh t ly  convex  as is o f ten  the  
case when  a journa l  or book  is opened.  The 2 f rames  of the  
pai r  m u s t  be p roper ly  al igned and  the  axis t h ro u g h  the  
cent re  of the  2 p ic tures  m u s t  be made  paral lel  to  t he  axis 
t h ro u g h  the  observer ' s  two  eyes. If  these  rules are no t  
followed, i t  will be impossible  to fuse t he  2 f rames  proper ly .  
The eyes are t h e n  re laxed,  which  will cause t h e m  to lose 
convergence  and  look in to  inf ini ty .  This will p roduce  the  
impress ion  of 4 unsha rp  pictures .  As soon as the  2 inner  
p ic tures  are super imposed ,  t h e y  will fuse to give a th ree-  
d imens iona l  image,  which,  however ,  is still unsharp ,  as 
the  re laxed eyes are focused to inf ini ty.  The stereo p ic ture  
m u s t  t h e n  be b ro u g h t  in to  focus w i t h o u t  the  fused f rames  
becoming  sepa ra ted  again. Wtlen  p roper ly  done, t he  2 
p r in t ed  f rames  will now appear  as 3 sharp  pic tures  w i th  
t he  cent re  one being th ree -d imens iona l  11. A t ra ined  ob- 
server  m a y  now scan th is  th ree -d imens iona l  p ic ture  jus t  
as he would scan real molecular  models  to  look a t  d i f fe rent  
details .  
The  main  p rob lem for the  un t r a ined  observer  arises f rom 
the  fac t  t h a t  for the  fusion of the  2 f rames  of a s tereo pa i r  
in to  a th ree -d imens iona l  image, t he  left  eye has tol look 
a t  the  left  p ic ture  while t he  r igh t  eye has  to look a t  the  
r igh t  one. Since the  2 f rames  are p r in t ed  side by  side, the  
axes of t he  eyes are near ly  paral lel  under  these c i rcum- 
stances,  which  is normal ly  only  the  case when  one looks 

3 A.F.  Hollemann and E. Wiberg, Lehrbuch der Anorganischen 
Chemic, Suppl. Molekfil- und Gitterstrukturen in stereoskopi- 
scher Darstellung. Walter de Gruyter & Co., Berlin 1964/1963. 

4 C.K. Johnson, ORTEP, Report ORNL-3794 revised, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. 1965; see also D. Y. 
Curtin, J. chem. Edue. 50, 775 (1973). 

5 W.N. Lipscomb, Accts. chem. Res. 3, 81 (1970). 
6 R.E.  Dickerson and I. Geis, The Structure and Action of Pro- 

teins. Harper and Row, New York 1969; H. R. Mah|er and E. H. 
Cordes, Biological Chemistry, 2nd ed. Harper and Row, New 
York 1971. 

7 J. chem. Educ. 52, A47 (1975). 
8 H.W. Wyekoff, K. D. Hardman, N. M. Altewell, T. Inagami, 

L. N. Johnson and F. M. Richards, J. biol. Chem. 242, 3984 
(1967). 

9 U. Sdquin, Experientia 29, 1059 (1973). 
10 Y. Nakanmra, R. Hollenstein, J. Zsindely, H. Sehmid and W. E. 

Oberh~nsli, Helv. chim. Acta 58, 1949 (1975). 
11 This impression of 3 pictures can be vexing at first. A piece of 

cardboard may be inserted between the 2 printed frames and 
extended towards the observer's nose. Then the 2 frames will 
fuse into only 1 picture, the stereoscopic one. As soon as some 
practice is gained, the cardboard can be omitted. Cf. M. M. 
Crozat and S. F. Watkins, J. chem. Educ. 50, 374 (1973). 

H 15~) 

I 5' I 
Fig. 1. Perspective drawing and stereo pair view of a polycyclic molecule. Note that the 2 representations are oriented in different 
ways (reprinted from Helv. chim. Acta 1~ with permission). 
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into inf ini ty .  However ,  in order  to  see a sharp  s tereo-  
scopic pic ture ,  one has  to  focus the  eyes a t  the  same t ime  
to  abou t  25 cm, t he  no rma l  reading  dis tance.  This  - par -  
allel eye axes and  a t  the  same t ime  focus a t  25 cm - is an 
u n c o m m o n  s i tua t ion  for the  eyes and  therefore  has  to  be 
p rac t i ced  1~. 
For  t r a in ing  purposes ,  the  d i sc repancy  be tween  conver-  
gence and  focus of t he  eyes m a y  be a l levia ted  b y  2 
m e t h o d s  : 
a) The  separa t ion  of the  2 f rames  of a s tereo pai r  can be 
made  smaller,  bes t  b y  mak ing  a h igh  qua l i ty  pho tocopy ,  
cu t t i ng  the  p ic tures  ou t  and  r emoun t ing  t h e m  in p roper  
.alignment (be sure no t  to  in te rchange  the  lef t  and  r igh t  
pictures) .  The smal ler  separa t ion  will now allow the  eye 
axes to  converge  to  some ex ten t ,  which  will faci l i ta te  t he  
fusing of t he  2 frames.  As one gets more  pract ice ,  the  
separa t ion  can be gradua l ly  increased unt i l  the  normal  
separa t ion  of 60-65 m m  can be hand led .  The example  
given in figure 2 is especial ly well sui ted  for th is  purpose ,  
being a r a the r  s lender  molecule 13. 
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Fig. 2. Simple stereo pair view, suitable for practicing (reprinted 
from Helv. ehim. Acta 13 with permission). 

b) The o ther  poss ib i l i ty  is to keep the  observing d is tance  
a t  the  beg inn ing  r a the r  large, say 1-2 m. The pic tures  are 
bes t  leaned aga ins t  or t a p e d  to  a window.  Then  the  eyes 
are a imed over  the  t op  r im of the  s tereo pai r  and  t h ro ugh  
the  window a t  a d i s t an t  object .  The s tereo f rames  will 
t h e n  fuse a lmos t  wi th  no ef for t  and  only  a s l ight  focus 
shif t  (from inf in i ty  to 1-2 m) is necessary  to  ob ta in  a 
sharp  th ree -d imens iona l  vision. As pract ice  is gained, t he  
viewing d is tance  m a y  be gradual ly  decreased down to t he  
normal  reading  d is tance  of 25-30 cm. 
W i t h  all the  me t h o d s  in which  opt ical  devices are neces- 
sary  for the  v iewing of s tereo pictures ,  these  devices 
somehow el iminate  the  d i sc repancy  b e t w e e n  convergence  
and  focus of the  eyes. In  the  X o g r a p h  and  red /g reen  
techniques ,  t he  2 stereo f rames  are p r in t ed  super imposed ,  
t hus  al lowing normal  convergence  of the  eyes. However ,  
a viewing screen or coloured glasses are necessary  to  make  
sure t h a t  each eye sees only  the  1 f rame which  i t  should.  
The mir ror  t echn ique  also allows normal  eye convergence  
b y  opt ica l ly  super impos ing  the  2 frames.  When  using a 
s tereo viewer,  on the  o the r  hand ,  one can leave the  eyes 
a imed and  focused at  in f in i ty  while the  focus shif t  f rom 
inf in i ty  to  t he  viewing d is tance  (with m o s t  viewers  be-  
tween  5 and  15 cm) is accompl i shed  b y  the  s tereo viewer ' s  
lenses. 
Making stereo photographs. Stereo p h o t o g r a p h s  m a y  be 
t aken  along the  guidelines g iven by  McGrew for mak ing  
s tereoscopic slides 14. The p rocedure  consists  essent ia l ly  
of t ak ing  2 p ic tures  f rom 2 d i f ferent  camera  posit ions.  
The separa t ion  be tween  these  is, in con t r a s t  to  slide 
making,  no t  cri t ical  when  p repa r ing  p h o t o g r a p h s  to  be 
reproduced  in pr in t .  A n y  d is tor t ions  in dep th ,  t h a t  migh t  
arise f rom the  use of a sepa ra t ion  o ther  t h a n  opt imal ,  are 
negligible and  ha rd ly  not iceable.  In  the  au tho r ' s  labora-  
tory ,  65 m m  have  p roved  to  give sa t i s fac to ry  results.  
On the  p r i n t ed  page,  the  2 p h o t o g r a p h s  mak ing  a stereo 
pai r  m u s t  be reproduced  a t  exac t ly  the  same magnif ica-  
t ion 15 and  be p roper ly  aligned. If  the  2 f rames  are 
misal igned,  the i r  fusing in to  a th ree -d imens iona l  image 

12 Practicing should not be overdone; eye strain may result. 
13 U. Schmid, H. Heimgartner, H. Schmid, P. Sch6nholzer, H. 

Link and K. Bernauer, HeN. ehim. Acta 58, 2222 (1975). 
14 L.A. MeGrew, J. chem. Educ. 48, 531 (1971). 
15 The effect produced by different magnification ratios can be 

seen in K. Jonas, D. J. Brauer, C. Kriiger, P. J. Roberts and 
Y.-H. Tsay, J. Am. chem. Soe. 98, 74 (1976), see p. 79. 

stereo pair fused image 

2 2 
Fig. 3. Alignment of the 2 frames of a stereo pair. a) Cor- 
rect alignment, b) Tilt. c) Vertical displacement; this can 
be corrected to some extent by making the axis through 
the two eyes parallel to the axis through the centres of the 
2 frames. 
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will  be  v e r y  diff icul t ,  if n o t  imposs ib le  (see f igure 3). The  
s e p a r a t i o n  of t h e  cen t res  of t he  p ic tu res  m u s t  n o t  exceed 
65 mm,  t he  ave rage  in te r -eye  d i s t ance  in h u m a n s .  A n y  
p i c tu re  sepa ra t ion  larger  t h a n  th i s  will need  d ivergence  
of t he  eye axes  in  order  to  fuse the  f rames ;  needless  to  
say  t h a t ,  if i t  is possible  a t  all, eye s t r a in  will r e su l t  16. 
Conclusion. As v iewing  of s tereoscopic p i c t m e s  is v e r y  
easy  a f te r  some p rac t i ce  is gained,  and  gives a m u c h  
b e t t e r  impress ion  of s te r ic  re la t ionsh ips ,  m u c h  more  use 
should  be  m a d e  of s tereoscopic  p h o t o g r a p h s  of molecu la r  
models .  R e c e n t l y  2 colour  p h o t o s  of a Beevers  mode l  of 

cyc lospor in  A were r e p r o d u c e d  in H e l v e t i c a  Chimica  A c t a  
to  show t h e  c o n f o r m a t i o n  of t he  n a t i v e  pep t ide  17. How-  
ever,  if i n s t e ad  of t h e m  1 s tereo pa i r  of  colour  p h o t o s  h a d  
been  p r in t ed ,  a m u c h  b e t t e r  idea  of t he  p roposed  con- 
f o r m a t i o n  could h a v e  been  ob ta ined .  

16 The trained observer may want to look at such an example; 
e . g . H . B .  Biirgi, H. Gehrer, P. Striekler and F. K. Winkler, 
Helv. chim. Aeta 59, 2558 (1976), see p. 2560. 

17 T . J .  Percher, H.-P. Weber and A. Rfiegger, Helv. chim. Acta 
59, 1480 (1976), see p. 1488a. 

P R O  E X P E R I M E N T I S  

A facile one-step synthesis of cysteinyldopas 1 using mushroom tyrosinase 

S. I to  a n d  G. P r o t a 2  

Stazione Zoologica, Napoli and Istituto di Chimica Organica dell' Universit~, Via Mezzocannone 16, 
1-80134 Napoli (Italy), 7 June 1976 

Summary. A c o n v e n i e n t  one - s t ep  procedure ,  based  upon  t he  tyrosina.se co-ox ida t ion  of dopa  a n d  cys te ine ,  is r epo r t ed  
for t he  syn thes i s  of 5 -S-cys te iny ldopa  (I) in 74~o yield.  Seconda ry  p r o d u c t s  of t he  r eac t i on  t u r n e d  ou t  to  be  2-S- 
c y s t e i n y l d o p a  (II,  14%),  2, 5-S, S -d icys te iny ldopa  (IV, 5%),  a n d  the  h i t h e r t o  u n k n o w n  6 -S-cys te iny ldopa  ( I I I ,  ~ 1%).  

I n  t h e  p a s t  few years ,  t h e  u n i q u e  ca techo l  amino-ac ids ,  
5 -S -cys t e iny ldopa  (I) a n d  2 -S-cys te iny ldopa  (II) ,  h a v e  
been  t he  ob jec t  of ex t ens ive  inves t iga t ions  showing  the i r  
c en t r a l  role in  t he  b io syn thes i s  of p h a e o m e l a n i n s  inc lud-  
ing t r i c h o c h r o m e s  3, 4. More  recent ly ,  a r e l a t ed  c o m p o u n d ,  
2, 5-S, S -d i cys t e iny ldopa  (IV), has  been  ident i f ied  as the  
m a j o r  c o n s t i t u e n t  of t he  re f lec t ing  spheres  in t he  eye of 
some fishes 5. I nc rea s ing  i n t e r e s t  in these  amino-ac ids  is 
p r o v i d e d  b y  t h e  f ind ing  t h a t  large a m o u n t s  of 5-S- 
c y s t e i n y l d o p a  and  r e l a t ed  me tabo l i t e s  are found  in t he  
u r ine  of p a t i e n t s  w i t h  m a l i g n a n t  m e l a n o m a  6, 7, whi le  in 
h e a l t h y  h u m a n s  t h e  level  of excre t ion  is v e r y  low. 
Accordingly ,  ana lys i s  of cys t e iny ldopas  in t he  u r ine  has  
been  p roposed  as a m e t h o d  for the  chemica l  d iagnosis  of 
m e l a n o m a  m e t a s t a t e s .  
A l t h o u g h  a chemica l  syn thes i s  for 5 -S-cys te iny ldopa  ha s  
been  descr ibed  8, to  fac i l i t a te  s tudies  in these  fields we 
r e p o r t  here  a s imple  a n d  more  c o n v e n i e n t  enzymic  pro- 
cedure  wh ich  m a k e s  r ead i ly  ava i l ab le  a l l  t h e  cys te iny l -  
dopas  inc lud ing  a new i somer  9, 6 -S-cys te iny ldopa  (II I ) .  
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Synthesis and isolation o/ cysteinyldopas ( I - IV) .  Af te r  
severa l  t r ia ls ,  t h e  o p t i m a l  cond i t ions  for t he  p r e p a r a t i o n  
a n d  s e p a r a t i o n  of cys t e iny ldopas  were es tab l i shed  as fol- 
lows: a so lu t ion  of L - d o p a  (99 mg;  0.5 mmoles)  and  
L-cys te ine  (121 mg ;  1.0 mmole)  in  0.05 M sod ium phos-  
p h a t e  buffer ,  p H  6.8 (60 ml) was  v igorous ly  s t i r red  a t  
22 ~ (oxygen n o t  b u b b l e d  in to  t he  solut ion)  in  t h e  pres-  
ence of m u s h r o o m  ty ros inase  (18 rag;  2750 un i t s / r ag ;  
f rom S igma  Chem. Co.) a n d  t h e  course  of t he  r eac t i on  
was fol lowed b y  m o n i t o r i n g  t he  U V  s p e c t r u m  (in 0.1 N 
HC1) of a l iquo t s  t a k e n  a t  su i t ab l e  in te rva ls .  Af te r  30-45 
min,  t h e  in i t i a l  a b s o r p t i o n  m a x i m u m  of dopa  a t  280 n m  
was comple t e ly  rep laced  b y  new m a x i m a  a t  255 a n d  
293 nm,  co r r e spond ing  to t he  cys t e iny ldopa  ch romo-  
phore .  A t  th i s  s tage,  t h e  o x i d a t i o n  was s t opped  b y  
ac id i f ica t ion  to p H  1 w i t h  6 N HC1 a n d  t he  r eac t i on  mix-  
t u r e  was  passed  t h r o u g h  a c o l u m n  ( 1 . 8 •  cm) of 
Dowex  50 W - X  2 (200-400 mesh,  H + form).  Af te r  wash ing  
w i t h  0.5 N HC1 (250 ml),  t he  c o l u m n  was  e lu ted  w i t h  
3 N HC1 a n d  f rac t ions  of 20 ml  were col lec ted  and  
ana lyzed  s p e c t r o p h o t o m e t r i c a l l y  b e t w e e n  240 a n d  350 nm.  
F r a c t i o n s  3-13 c o n t a i n i n g  cys t e iny ldopas  ( I - IV)  were 
c o m b i n e d  t o g e t h e r  a n d  e v a p o r a t e d  to d ryness  to  give a 
colourless res idue w h i c h  was t a k e n  up  in 2 N HC1 (2 ml) 
and  c h r o m a t o g r a p h e d  as descr ibed  in t he  figure.  4 peak  
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