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Melanogenesis in Frog Skin 

R e c e n t  work  ha s  d e m o n s t r a t e d  t h a t  t he  level  of ty ro -  
s inase a c t i v i t y  is d i r ec t ly  co r re l a t ed  w i t h  t he  degree  of 
m e l a n i n  p i g m e n t a t i o n  in severa l  goldf ish  color va r ie t i e s  ~. 
T h e  t y ros inase  d i s t r i b u t i o n  va r i e s  w i t h i n  a g iven  color  
p h e n o t y p e  o n  a n a t o m i c  a n d  subce l lu l a r  levels,  a n d  is 
d i r ec t ly  p r o p o r t i o n a l  to  t h e  degree  of i n t e g u m e n t a l  
m e l a n i z a t i o n .  As a n u r a n  sk in  shows p r o n o u n c e d  reg iona l  
color d i f ferences  a n d  a r a t h e r  special ized p a t t e r n  of b l a c k  
spo t s  each  s u r r o u n d e d  b y  a l igh t  ha lo  of r e l a t i ve ly  un-  
me lan i zed  i n t e g u m e n t ,  i t  was  cons idered  a p a r t i c u l a r l y  
a p p r o p r i a t e  s y s t e m  for  t h e  s t u d y  of t he  con t ro l  of me lano-  
genesis.  

Methods and materials. Six ma le  grass  frogs, Rana 
pipiens, (45-53 g), a n d  1 ma le  a n d  2 female  bul l f rogs,  
g a n a  catesbiana, (260-314 g), were  d e c a p i t a t e d .  T h e  
dorsal ,  l a t e r a l  a n d  v e n t r a l  sk in  a reas  were r e m o v e d  f rom 
3 R.  pipiens. T h e  b l a c k  spots  a n d  t h e  a s soc ia t ed  l i gh t  
a reas  or ha los  of t h e  dorsa l  sk in  were s e p a r a t e d  f rom the  
r e m a i n i n g  3 an imal s .  T he  dorsa l  a n d  v e n t r a l  sk ins  of 
R. catesbiana were  ut i l ized.  All  skins  were  i m m e d i a t e l y  
f rozen a t  - -  27 °C. T h e  p rocedure s  a n d  s u b s t r a t e s  u t i l ized 
were  desc r ibed  p rev ious ly  2-4. All  a s says  a n d  a s s a y  con-  
t ro ls  were  p e r f o r m e d  in dup l ica te .  T h e  t o t a l  n u m b e r  of 
a s says  was  in excess  of 1500. T h e  i n d i c a t e d  d i f ferences  
are  s t a t i s t i c a l l y  s ign i f i can t  unless  o the rwise  ind ica ted .  As 
t he  bu l l f rogs  were  sexua l ly  inac t ive ,  sex d i f ferences  in  
e n z y m a t i c  a c t i v i t y  were  n o t  de t ec t ab le .  

~esults. I n  c o n t r a s t  to  v e r t e b r a t e s  genera l ly  4 t he  ty ro -  
s inase  a c t i v i t y  was h ighe r  in  t he  v e n t r a l  sk in  t h a n  in t h e  
dorsa l  sk in  in  b o t h  R.  pipiens a n d  R. catesbiana (Tab le  I) 

a l t h o u g h  t he  v e n t r a l  sk in  was  a l m o s t  w h i t e  ( re la t ive ly  
m e l a n i n  poor)  whi le  t h e  dorsa l  sk in  was  c o m p a r a t i v e l y  
d a r k  ( re la t ive ly  m e l a n i n  rich), T h e  l a t e r a l  sk in  was  in te r -  
m e d i a t e  in  b o t h  color  a n d  t y r o s i n a s e  ac t i v i t y .  I n  
R.  pipiens, t h e  t y r o s i n a s e  levels  in  d e s c e n d i n g  o rde r  of 
a c t i v i t y  were  b l a c k  spots ,  v e n t r a l  skin,  halo ,  l a te ra l  a n d  
dorsa l  skin .  On t h e  o t h e r  h a n d ,  t h e  h i g h e s t  e n z y m a t i c  
a c t i v i t y  in  t he  sk in  f r ac t ions  was assoc ia ted  w i t h  t h e  
p a r t i c u l a t e  f rac t ion .  The  va r ious  skin  regions,  e x c e p t  t h e  
ha lo  area,  were n o t  a p p r e c i a b l y  d i f f e ren t  f rom one an-  
o t h e r  in t h i s  r e spec t ;  t h e  halo  c o n t a i n e d  a m o r e  ac t ive  
soluble  f rac t ion .  T h e  specific ac t iv i t i e s  of dorsal ,  l a t e ra l  
a n d  v e n t r a l  sk in  h o m o g e n a t e s  were  s imilar ,  b u t  were  
h i g h e s t  in  t h e  b l a c k  Spots a n d  lowes t  in  t h e  halo.  T h e  
d i s t r i b u t i o n  of t h e  e n z y m e  was  v isua l ized  in t e r m s  of t h e  
p a r t i c u l a t e  f r a c t i o n / s o l u b l e  f r ac t ion  e n z y m e  r a t i o  
(Table  I). The  dorsa l  sk in  c o n t a i n e d  t h e  g r ea t e s t  r e l a t i ve  
p a r t i c u l a t e  t y r o s i n a s e  a c t i v i t y  w i t h  t he  halo  a rea  t h e  
least .  A more  precise  m e a s u r e  of e n z y m e  d i s t r i b u t i o n  was  
t he  p a r t i c u l a t e  f r a c t i o n / s o l u b l e  f r ac t ion  ra t io  expressed  
in t e r m s  of specific a c t i v i t y  (Table  I). T h e  dorsa l  sk in  was  
r i che s t  in  p a r t i c u l a t e  f r ac t i on  a c t i v i t y  w i t h  v e n t r a l  sk in  
poores t .  

T h e  t y r o s i n a s e  a c t i v i t y  of R. catesbiana genera l ly  was  
lower  t h a n  in t h e  c o r r e s p o n d i n g  regions  of R.  pipiens 
(Table  I). However ,  R.  catesbiana sk in  was h ighe r  in  
specific a c t i v i t y  c o m p a r e d  to  R. pipiens. I n  add i t ion ,  as 
t h e  p a r t i c u l a t e  f r a c t i on / so lub l e  f r ac t ion  ac t iv i t i e s  n e v e r  
exceeded  un i ty ,  t h e  m a j o r  ac t ive  e n z y m e  c o n c e n t r a t i o n s  
occu r red  in t h e  so luble  f r ac t i on  of t h e  skin  (Table  I). 

Table I. Distribution of tyrosinase activity~ in the skin of the grass frog (Rana pipiens) and the bullfrog (Rana catesbiana) 

Skin region Tyrosinase units Specific activity 

per mg skin P/S ratio H P S P/S ratio 

H P S 

R. pipiens 

Dorsal 1112 b 866b 250b 3.5 47 61 25 2.4 
Lateral 1281b 869 b 307 b 2.8 53 69 33 2.1 
Ventral 1510 1099 492 2.2 52 47 66 0.7 
Black spots 1999 1459 576 2.5 75 82 54 1.5 
Halo 1036 b 664 407 1.6 33 34 31 1.1 

R. catesbiana 

Dorsal 847 396 471 0.8 108 84 155 0.5 
Ventral 1114 513 592 0.9 137 94 219 0.4 

H, Homogenate; P, particulate fraction; S, soluble fraction. Each value represents the mean of 3 animals. ~ No significant difference. 

Table II. Tyrosine carboxyl incorporation (%) into melanin in frog 
skin ~ 

Skin region R. pipiens R. catesbiana 

Hb p S H P S 

Dorsal 37.3 38.4 37.4 21.9 18,5 21.3 
Ventral 38.2 39.0 36.9 23.5 24.2 21.8 

Expressed as L-tyrosine incorporated without decarboxylation in 
terms of % of total L-tyrosine converted, b See foornote ~, Table I. 

T h e  i n c o r p o r a t i o n  of t y ro s ine  c a r b o x y l  g roups  i n to  
m e l a n i n  was  h i g h  f u R .  catesbiana b u t  even  h i g h e r  in  
R.  pipiens (Table  I I ) .  T h e  degree  of c a r b o x y t  i nco rpora -  
t i on  was  s imi la r  in  all  a n a t o m i c a l  a n d  subce l lu la r  f r ac t ions  
s tud ied .  

x y.  M. CuEN and W. CnAvIN, Proc. Soc. exp. Biol. Med. 121,497 
(1966). 

2 y.  M. C~EN and W. CHAVI~, Analyt. Biochem. 13, 234 (1965). 
s y .  M. CHEN and ~V. CHAVIN, Nature 210, 35 (1966). 
4 y. M. CHEN and W. CHAV]N, in Advances in Biology o/the Skin 

(Ed. W. MONTAGNA; Pergamon Press, Oxford 1967), vol. 8, p. 253. 



13.4. 1968 Speeialia 

Table III. Estimation of D-tyrosine utilization in frog skirt homogenates utilizing differently labeled tyrosine-C-14 as substrates~ 

333 

Species and 
skin area 

Tyrosinase activity b in cpm/assay Tyrosinase carboxyl incorpora- 
tion (%) calculated from 

ULT-C-14 DLT-2-C-14 LT-1-C-14 ULT-C-14 DLT-2-C-14 

Experiment Correct e 

R. pipiens 

Dorsal 574 617 633 233 37.8 36.8 
Ventral 790 845 860 321 38.0 37.3 

R. catesbiana 

Dorsal 522 569 567 148 26.0 26.I 
Ventral 690 756 746 162 21.4 21.7 

ULT-C-14: Uniformly labeled L-tyrosine-C-14, specific activity 0.329 mc/mM. DLT-2-C-14: DL-tyrosine-2-C-14, specific activity of L-form 
0.329 me]hiM; specific activity of D-form, 1.4 nIc]mM. LT-1-C-14: L-tyrosine-l-C-14, specific activity 0.329 mc]mM, b Each value was 
obtained from 1 animal only. ~Calculated by: Y = (Z--X19)918 (from reference 4); Y = cpm corrected, X = cpm obtained with 
L-tyrosine-l-C-14, Z = cpm obtained with uniformly labeled L-tyrosine-C-14. 

The  use  of va r ious ly  labe led  ty ros ine-C-14  p r e p a r a -  
t i ons  as s u b s t r a t e  (TaMe I I I )  r evea led  t h a t  u t i l i za t ion  
of D- tyros ine  does n o t  occur.  T he  cor rec ted  e n z y m a t i c  
a c t i v i t y  levels u t i l i z ing  L- tyros ine  a p p r o x i m a t e d  t h a t  
of Dc-tyrosine-2-C-14.  T h e  lower e x p e r i m e n t a l  va lues  
o b t a i n e d  w i t h  u n i f o r m l y  labe led  L- tyrosine-C-14 r e su l t ed  
f r o m  d e c a r b o x y l a t i o n .  

T h e  e n z y m e  p r e p a r a t i o n s  f rom frog skin  were  s t ab l e  
(-- 4 °C) for  a t  l eas t  a m o n t h ,  in  c o n t r a s t  to  t h e  i n s t a b i l i W  
of goldf ish  e n z y m e  p r e p a r a t i o n s l , L  

Discussion. Comple t e  co r r e l a t i on  of degree  of p i g m e n t a -  
t i o n  w i t h  t y r o s i n a s e  a c t i v i t y  as seen in goldfish,  is n o t  
poss ible  in  t he  a n u r a n s  s tud ied .  T he  b l ack  spo ts  in  t he  
dorsa l  sk in  of R. pipiens h a v e  h i g h e r  t y r o s i n a s e  a c t i v i t y  
levels t h a n  t i le  a d j a c e n t  l igh t  ha lo  areas,  b u t  t h e  r e l a t ive ly  
h e a v i l y  p i g m e n t e d  dorsa l  sk in  is lower  in  e n z y m a t i c  
a c t i v i t y  t h a n  t h e  r e l a t ive ly  u n p i g m e n t e d  v e n t r a l  sk in  in 
b o t h  species. I n  add i t ion ,  t h e  d i s t r i b u t i o n  of ty ros inase ,  
expressed  in t e r m s  of p a r t i c u l a t e / s o l u b l e  specific a c t i v i t y  
ra t ios ,  c a n  be  co r re l a t ed  w i t h  t h e  degree  of p i g m e n t a t i o n  
in R. pipiens, b u t  n o t  in R. catesbiana. T h e  poss ible  
m e c h a n i s l n s  b e h i n d  these  a p p a r e n t  c o n t r a d i c t i o n s  in-  
c lude :  (a) t h e  i n t e g u m e n t a l  m e l a n i n  c o n t e n t  m a y  n o t  be  
co r r e l a t ed  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  a f t e r  a g iven  age 
(size) ~-~ ; (b) t h e  a p p a r e n t  degree  of m e l a n i z a t i o n  m a y  be  
affected,  in  pa r t ,  b y  t he  o x i d a t i v e - r e d u c t i v e  s t a t e  of 
melaninS, l° ;  (c) t h e  dorsa l  sk in  is t h i c k e r  t h a n  t h e  v e n t r a l  
sk in  in  o lder  or  la rger  a n i m a l s  so t h a t  t h e  t y ros inase  
a c t i v i t y  pe r  u n i t  skill  we igh t  or  p r o t e i n  n i t r o g e n  c o n t e n t  is 
r e d u c e d ;  (d) d i l u t i on  of in  v ivo  t y r o s i n a s e  inh ib i to r ( s )  in  
t h e  v e n t r a l  sk in  m a y  re lease  t y r o s i n a s e  a c t i v i t y n ;  (e) 
p r ecu r so r  of t y r o s i n a s e  a c t i v i t y  p r e s e n t  in  t h e  v e n t r a l  
sk in  m a y  b e  a c t i v a t e d  d u r i n g  t h e  course  of t h e  in  v i t r o  
a s say  pe r iod ;  (f) a por t ion ,  a t  least ,  of t h e  t y r o s i n a s e  in  
t h e  dorsa l  sk in  m a y  b e  i n a c t i v a t e d  b y  t h e  depos i t i on  of 
m e l a n i n  in  t he  g ranu le i* ;  a n d  (g) v a r i a t i o n  in  in  v i v o  
ava i l ab i l i t y  of s u b s t r a t e  x~. 

I n  t h e  m a n o m e t r i c  e s t i m a t i o n  of t y ros inase  d i s t r i b u t i o n  
in  R. pipiens sk in  n ,  e n z y m e  levels  were  n o t  co r re l a t ed  
w i t h  m e l a n i n  c o n t e n t .  However ,  i t  is c lear  t h a t  t h e  
m e t h o d o l o g y  i n v o l v i n g  o x y g e n  c o n s u m p t i o n  of a t i s sue  or 
o r g a n  h o m o g e n a t e  m a y  yield d a t a  w i t h o u t  t h e  r equ i s i t e  
degree of precis ion.  Thus ,  a t  t h i s  t ime,  i t  is imposs ib le  to  
r e l a t e  the  p r e s e n t  f ind ings  dea l ing  w i t h  R. pipiens w i t h  
those  b a s e d  u p o n  t h e  m a n o m e t r i c  m e t h o d .  

The  i n c o r p o r a t i o n  of t y ro s ine  c a r b o x y l  g roups  i n to  
m e l a n i n  is su rp r i s ing ly  h i g h  in t h e  a n u r a n s  s t ud i ed  com- 
p a r e d  to  o t h e r  v e r t e b r a t e s  4. I n  fact ,  t h i s  cha r ac t e r i s t i c  
f ea tu re  of me lanogenes i s  in  frogs is u n i q u e  a m o n g  t h e  
v e r t e b r a t e s  s tud ied  to  da te .  I t  h a s  been  p roposed  ~,4 t h a t  
ty ros ine - l ike  or dopa- l ike  c o m p o u n d s  because  of t h e i r  
s t r u c t u r a l  s imi la r i t i es  a n d  po la r i t i es  are  i n d e p e n d e n t l y  
a t t r a c t e d  b y  t h e  i n t e rmed ia t e ( s )  b e t w e e n  d o p a  a n d  
m e l a n i n  for  p o l y m e r i z a t i o n  a n d  copo lymer i za t ion .  T h e  
role of c o p o l y m e r i z a t i o n  in me lanogenes i s  is s t r ong ly  sup-  
p o r t e d  b y  t h e  h igh  degree  of i n c o r p o r a t i o n  of s u b s t r a t e  
c a r b o x y l  g roups  i n to  m e l a n i n  b y  t h e  a n u r a n s  of th i s  
s t u d y  14. 

Zusammen/assung. E s  w u r d e n  die a n a t o m i s c h e  u n d  
subze l lu la re  V e r t e i l u n g  der  T y r o s i n a s e a k t i v i t / i t  im  I n t e -  
g u m e n t  u n d  die T y r o s i n c a r b o x y l i n k o r p o r a t i o n  in Me lan in  
bei  Rana pipiens u n d  Rana catesbiana fes tges te l l t  u n d  
gefunden ,  dass  die Tyros inaseak t iv i t~ i t  in  de r  B a u c h h a u t  
h 6 h e r  is t  als in de r  R i Jckenhau t ,  w~Lhrend die S e i t e n h a u t  
dazwischen l i egende  W e r t e  l iefert .  
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