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Fig. 1. Scheme of the isolation of a thermostable antithiamine factor 
of fern. 
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Fig. 2. Thin-layer ehromatogram of different stages of the purifica- 
tion. (1) Ethyl acetate phase, {2) water phase, {3) isolated anti- 
thiamine substance, (4) 3,4-dihydroxycinnamie acid. Adsorbent: 
polyamide; developing solvent : ethyl formate : formic acid = 100 : 5 ; 
spray reagent: 1% diphenylborie acid fl-amino ethyl ester in 

methanol. 

acetone and  e thy l  acetate .  The  microanalyses  gave  the  
following resul ts :  C, 60 .83%;  H, 4 .57%;  O, 33.8%. The  
molecular  weight  de te rmined  by  mass spec t rography  is 
180. 

The  isolated an t i t h i amine  c o m p o u n d  of fern was ident i -  
fied as 3, 4 -d ihydroxyc innamic  acid by  the  grea t  agree- 
men t  of the  UV,  I R  and NMR-spec t ra ,  the  ident ica l  
behaviour  in th in layer  c h r o m a t o g r a p h y  (Figure 2), as well 
as of the  o ther  charac ter i s t ic  proper t ies  (MP, MW, results  
of the  microanalyses) .  

The  caffeic acid in fern seems to be on ly  par t ly  in free 
form;  ano the r  p a r t  arises dur ing  the  ex t rac t ion  (at p H  6.0) 
from a precursor  no t  ye t  isolated. 

I n  this connect ion  i t  is in teres t ing  to men t ion  t h a t  
according to recent  exper iments  (SoMoGYI and B6NICKE s) 
different  o-diphenols possess a marked  an t i t h i amine  
ac t iv i ty .  

Fu r the r  inves t iga t ions  to character ise  the  precursor  and 
to e lucidate  the  mechan i sm of the  an t i t h i amine  effect  of 
3, 4 -d ihydroxyc innamic  acid are in progress 9. 

Zusammen[assung. Die Isol ierung eines Stoffes m i t  
An t i t h i aminwi rkung  aus F a r n k r a u t  und seine Ident i f iz ie-  
rung  m i t  3, 4 -Dihydroxyz imt sgu re  wird beschrieben.  

j .  BERLITER and J.  C. SOMOGYI 

Inst i tute/or  Nutrition Research, Riischlikon-Zi~rich 
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Util izat ion of D-Tyros ine  by Vertebrate S k i n  
Tyros inase  

During  the  course of an evo lu t iona ry  s tudy  of ver te-  
brate  melanogenesis  based upon ana tomic  and subcel lular  
tyrosinase d is t r ibut ion  and ac t i v i t y  1, skin enzyme  prepa-  
ra t ions f rom several  ve r t eb ra tes  were  found to uti l ize 
D-tyrosine. Skin enzyme  prepara t ions  were incuba ted  as 
previous ly  described ~. W h e n  un i fo rmly  labeled L-tyrosine- 
14C or DL-tyrosine-2-14C were used as substrate ,  t i le  ne t  
tyrosinase ac t iv i ty  ob ta ined  f rom the  l a t t e r  subs t ra te  

was higher  t han  tha t  ob ta ined  f rom the  former  subs t ra te ,  
a l though  the  concen t ra t ion  and specific a c t i v i t y  of L- 
tyrosine-14C as well  as the  enzyme  prepara t ions  were  the  
same in bo th  series of exper iments .  As D-tyrosine-14C was 
no t  avai lable ,  the  D-tyrosine u t i l iza t ion  was de te rmined  
indi rec t ly  by  use of L-tyrosine-l-14C, un i formly  labeled 

I y. M. CHEN and W. CHAVIN, in Advances in Biology el the Skin 
(Ed. W. MONTAGNA; Pergamon Press, Oxford 1967), vol. 8, p. 253. 
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Utilization of D-tyrosine by vertebrate skin tyrosinase 

Species Enzyme preparation L-tyrosine conversion in 
T.U. bring fresh skin (~ -t- a';) 

n-tyrosine utilized 
in % of L-tyrosine 
converted (~ 4- ~x) 

Platyrhinoidis triseriatus D (1) 104 6.1 
(Thorn back ray) V (1) 53 10.0 

Acipenser ]ulvescens W (3) 1.51 -4- 14 4.7 4- 0.3 
(Lake sturgeon) 

Amia calve D (3) 452 4- 14 11.2 4- 4.4 
(Bowfin) V (3) 403 :t: 7 - 

Lepisosteus osseus W (3) 28 4- 5 5,7 4- 0.8 
(Garpike) 

Anguilla rostrata D (3) 651 4- 9 6.5 + 1.7 
(Eel) V (3) 158 4- 12 10.5 + 0.4 

Necturus maculosus D (3) 240 4- 21 14.5 :t: 2,3 
(Mudpuppy) V (3) 126 4- 6 16.1 4- 1.7 

Trilurus viridescens D ~ 16,238 5.8 
(Newt) V ° 9,085 6.1 

Ambysloma tigrinum D (3) 2,115 4- 76 12.7 4- 0.8 
(Tiger salamander) V (3) 16,646 4- 231 5.8 4- 0.2 

Trionyx ]erox D (3) 153 4- 5 5.4 4- 0.3 
(Turtle) V (3) 46 4- 1 0 

D, dorsal skin ; V, ventral skin; W, whole skin; No. in parenthesis represents number of animals used. b T.U. : 1 T.U. is defined as the amount 
of tyrosinase activity required to convert 1 picomole of L-tyrosine to melanin under the conditions of the described assay during a 16 h 
incubation period at 30 °C. ~ Skin of 3 animals combined, due to small size. 

L-tyrosine-l*C a n d  DL-tyrosine-2-1*C. P r o v i d e d  t h a t  t h e  
q u a n t i t y  a n d  specif ic  a c t i v i t y  of t h e  L-form are  t h e  s a m e  
in each  of t he se  subs t r a t e s ,  t h e  D- tyros ine  u t i l i za t ion  m a y  
be  ca l cu l a t ed  in t e r m s  of L- tyros ine  c o n v e r t e d  as follows: 

Y t -  Y 8 Y ' - 9 Z + X  
% A Y  (100) or 9 A Z - A X  

where :  X is n e t  t y ros inase  a c t i v i t y  in  c p m  w i t h  L- tyros ine-  
1-14C, Y is ca l cu l a t ed  ne t  t y ros inase  a c t i v i t y  in  cpm,  
r e p r e s e n t i n g  t heo re t i ca l  L- ty ros ine-2J4C va lue ,  Y '  is n e t  
t y r o s i n a s e  a c t i v i t y  in  c p m  w i t h  DL-tyrosine-2-1aC, Z is 
n e t  t y ros inase  a c t i v i t y  in  c p m  w i t h  u n i f o r m l y  labe led  
L-tyrosine-Xac a n d  A is r a t i o  of specific ac t iv i t i e s  of D- 
t y ro s ine  in DL-tyrosine-2-14C to  t h a t  of L- tyros ine  in  t h e  
mix tu re .  

T h e  resu l t s  of D-tyros ine  u t i l i za t ion  t o g e t h e r  w i t h  t h e  
t y r o s i n a s e  a c t i v i t y  (L-tyrosine convers ion)  a re  p r e s e n t e d  
in t he  TaMe. I n  these  species  t h e  D- tyros ine  ut i l ized var ies  
f rom a p p r o x i m a t e l y  5 - 1 6 %  of t i le  L- tyros ine  c o n v e r t e d  
(species showing  less t h a n  4 %  were  exc luded  due  to  t he  
poss ib i l i ty  of e x p e r i m e n t a l  error).  T h e  o rgan i sms  fall  i n to  
4 v e r t e b r a t e  classes:  C h o n d r i c h t h y s  ( t h o r n  b a c k  ray) ,  
O s t e i c h t h y s  (lake s turgeon,  bowfin,  eel), A m p h i b i a  (newt,  
s a l a m a n d e r ,  m u d p u p p y )  a n d  R e p t i l i a  ( tur t le) .  O t h e r  
species in  t he se  classes h a v e  been  t e s t e d  a n d  f o u n d  n o t  
to  ut i l ize  D-tyrosine.  I n  add i t ion ,  b o t h  t h e  phy logene t i c -  
a l ly  more  p r i m i t i v e  ( A g n a t h a )  a n d  t he  m o r e  a d v a n c e d  
(Ayes, M a m m a l i a )  species tes ted ,  inc lud ing  man ,  do n o t  
u t i l ize  D-tyrosine.  I t  is poss ible  t h a t  t he  species in  t h e  
T a b l e  m a y  o x i d a t i v e l y  c o n v e r t  t he  D-isomer to  t h e  a -ke to  
ac id  fol lowed b y  L-specific r e a m i n a t i o n .  ( I n v e r s i o n  of t h e  
B-isomers  b y  r a c e m i z a t i o n  h a s  b e e n  r e p o r t e d  on ly  in  
bac te r ia . )  T h e  a b o v e  conve r s ion  requ i res  t h e  D-amino  acid  
oxidase .  Thus ,  if  D- tyros ine  is n o t  d i rec t ly  i n c o r p o r a t e d  
i n to  me lan in ,  t h e  f ind ings  would  i nd i ca t e  t h e  p resence  of 
t h e  a b o v e  ox idase  in c e r t a i n  v e r t e b r a t e  i n t e g u m e n t s .  How-  

ever ,  as  pur i f ied  m a m m a l i a n  m e l a n o m a  t y r o s i n a s e  a,4 a n d  
m i c r o s o m a l  Rana pipiens 6 t y r o s i n a s e  p r e p a r a t i o n s  ut i l ize  
D - D O P A  a n d / o r  D- tyros ine  i t  is p r o b a b l e  t h a t  t h e  i n t egu -  
m e n t M  ty ros inase  of t h e  species r e p o r t e d  he re in  also 
ut i l izes  D- tyros ine  d i rec t ly .  As t h e  p r e s e n t  s t u d y  ha s  
r evea led  t h a t  a t  l eas t  30% of t h e  v e r t e b r a t e  species t e s t ed  
(9]33) use  D- tyros ine  d i rec t ly  or ind i rec t ly ,  such  u t i l i za t ion  
m a y  be  of s igni f icance  in melanogenes i s .  As on ly  v e r y  few 
n o r m a l  h o m e o t h e r m i c  v e r t e b r a t e s  h a v e  b e e n  e v a l u a t e d  
in  r e g a r d  to  t h e  op t i ca l  speci f ic i ty  of i n t e g u m e n t M  ty ro -  
s inase  i t  is expec t ed  t h a t  f u t u r e  s tud ies  will r evea l  t he  
i n c o r p o r a t i o n  of D- tyros ine  i n to  m e l a n i n  in t h e  more  
h igh ly  evo lved  fo rms  e. 

Rdsumd, Cer ta ines  esp~ces de ve r t6br6s  inf6r ieurs  con- 
v e r t i s s e n t  la D- tyros ine  r a d i o a c t i v e  en  m~lan ine  p a r  la 
t y r o s i n a s e  de  la  peau .  O n  pense  que  l ' u t i l i s a t i o n  n o r m a l e  
de  la  D- tyros ine  es t  i m p o r t a b l e  p o u r  la  m6 tanogenbse  in- 
t ~ g u m e n t a l e .  
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