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lntegumental Tyrosinase Activity in Amphibians 

Dur ing  t h e  course of a s t u d y  of t he  evo lu t iona ry  
aspec t s  of skin  ty ros inase  a c t i v i t y £  2 a m p h i b i a n  species 
(Rana pzpiens and  Rana  catesbiana) were found  to  possess  
t he  h ighes t  ty ros inase  ac t iv i ty  a m o n g  the  normal  ver te -  
b r a t e s  s tud ied  and,  in addi t ion ,  were  charac te r ized  by  an  
unusua l  ana tom ic  d i s t r ibu t ion  of the  enzyme.  In  order  to  
charac te r ize  t h e  n a t u r e  of these  fea tures  in o the r  am-  
ph ib i an  species,  t h e  p r e sen t  s t u d y  has  e x t e n d e d  t h e  
original  observa t ions .  The  f indings  show t h a t  some uro-  
deles possess  t he  h ighes t  i n t e g u m e n t a l  ty ros inase  ac t iv i ty  
levels a m o n g  ver tebra tes .  

Methods and materials. The  A m p h i b i a  used (Table I) 
were  decap i t a ted ,  t h e  dorsal  and  ven t r a l  skin areas  im- 
med ia t e ly  r emoved ,  t r i m m e d  and  f rozen ( - -27°C)  for 
several  weeks.  A t  t h e  t ime  of assay,  t h e  frozen skin was  
sliced on  d r y  ice and  g round  wi th  chil led 0.1 #it p h o s p h a t e  
buffer  (1:40) p H  6.8 as p rev ious ly  descr ibed  z. The  assay 
procedures ,  subs t ra tes ,  m e t h o d s  of p ro t e in  analysis ,  and  
s ta t i s t i ca l  eva lua t ion  have  been described~,% D a t a  are 
p r e s e n t e d  in t he  form, ~ =]= a;  whe reve r  possible.  The 
act iv i t ies  of t he  e n z y m e  p repa ra t i ons  are D O P A  depen-  
dent ,  inh ib i t ed  by  6 m M  sodium d i e t h y l d i t h i o c a r b a m a t e  
a n d  are  s tab le  for a t  leas t  2 weeks  a t  0-4  °C. Hydro lys i s  
(3 N HC1, 90 °C, 8 h) of t h e  i ncuba te s  did no t  s ignif icant ly  
r educe  the  r ad ioac t iv i ty ,  conf i rming  t h e  previous ly  de- 
scr ibed f indings  z in o the r  ve r t eb ra t e s .  

Table I. Species utilized in the study of integumentary tyrosinase 
activity in Amphibia 

Species No. of Sex Body weight 
animals (g), range 
used 

(A) Urodela 

Amphinma means 2 ~ + ~ 314c~, 645? 
(Congo eel) 

Necturus maculosus 3 lc~ + 2 ~ 94-149 
(Mudpuppy) 

Ambystoma tigrinum 3 b 31-41 
(Tiger salamander) 

D{emictylns viridescens 3 (1) ~ b 2.0-2.3 
(Newt) 

(B) Anura 

Rana pipiens 3 c~ 45-53 
(Leopard frog) 

Rana catesbiana 3 2c~ + 2 o 260-314 
(Bull frog) 

Bu/o re~rinus 3 d 163-173 
(Giant toad) 

1 y.  M. CHEN and W. CHAVIN, Adv. Biol. Skin 8, 253 (1967). 
2 y.  M. CnE~ and W. CHAritY, Analyt. Biochem. 13, 234 (1965). 

No. in parenthesis indicates the number of enzyme preparations 
used. Otherwise, the number of preparations is equal to the num- 
ber of animals, b Data not available. 

Table II. Comparison of in vitro tyrosinase activity" in amphibian skin 

Species T.U./mg skin 

Hb P S 

Specific activity 

P/S H P S P/S 

A mphiuma means 
Dorsal 18,275 4,641 
Ventral 14,300 3,305 

Necturus maculosus 
Dorsal 240 4- 21 167 
Ventral 126 :t: 6 88 

A mbystoma tigrinum 
Dorsal 2,115 :k 76 1,680 
Ventral 16,646 4- 231 9,639 

Diemictytus viridescens 
Dorsal 16,238 13,062 
Ventral 9,085 5,892 

Rana pipiens 
Dorsal 1,112 4- 60 866 
Ventral 1,510 -4- 13 1,097 

Rana catesbiana 

Dorsal 847 4- 49 396 
Ventral 1,114 4- 20 513 

Bu[o marinus 
Dorsal 1,400 4- 36 357 
Ventral 1,632 q- 17 595 

13,474 0.34 1,793 698 3,749 0.19 
10,975 0.30 1,345 501 2,858 0.18 

q- 8 65 ± 3 2.56 22-t- 1 23 =l= 2 19=1= 2 1.21 
-t- 3 32::1:: 1 2.75 124- 0 13 ± 1 9-t- 0 1.44 

::t= 10 439 4- 8 3.82 84 4- 4 105 4- 5 46 4- 3 2.28 
4- 10 6,956 4- 31 1.38 626 4- 14 526 4- 6 842 4- 9 0.62 

2,720 5.53 780 1,584 249 6.36 
3,213 1.83 464 585 345 1.70 

4- 27 250 4- 3 3.46 47 -4- 2 6 1 ±  2 25 4- 1 2.44 
4- 67 492 4- 5 2.22 52 4- 2 47 4- 1 66 -t- 2 0.71 

4- 8 471~  5 0.84 108 4- 8 8 4 ~  3 155 4- 3 0.54 
4- 6 5924- 5 0.86 1374- 3 9 4 ±  2 2194- 4 0.43 

4- 22 1,061 =k 12 0.33 226 ± 13 112 ± 10 348 4- 18 0.32 
+ 18 1,054 ± 26 0.56 229 4- 6 146 ~ 6 351 + 5 0.42 

" 1 T.U. (tyrosinase unit) 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. Specific activity is defined as the number of T.U.l/tg protein 
nitrogen in the enzyme preparation. ~ H, homogenate; P, particulate fraction; S, soluble fraction. 
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Table III. In vitro tyrosine carboxyl group incorporation into melanin by amphibian skin tyrosinase 

EXPERIENTIA 2411 

Species Skin region Tyrosine carboxyl group incorporation (%) * 

Hb p S 

Amphiuma means Dorsal 22.6 25.5 21.9 
Ventral 19.3 24.1 17.0 

Neeturus maculosus Dorsal 14.9 4- 0.5 15.3 4- 0.4 15.8 4- 0.3 
Ventral 13.5 4- 0.3 13.5 4- 0.1 15.8 4- 0.3 

Ambystoma tigrinum Dorsal 10.0 4- 0.3 9.7 4- 0.3 8.5 4- 0.5 
Ventral 3.6 4- 0.1 3.6 4- 0.1 3.7 4- 0.2 

Diemictylus viridescens Dorsal 11.4 11.3 10.3 
Ventral 15.8 15.8 15.8 

Rana pipiens Dorsal 37.3 -4- 1.0 38.4 4- 0.6 37.4 4- 1.9 
Ventral 38.2 4- 1.1 39.0 -1- 0.5 36.9 4- 0.8 

Rana catesbiana Dorsal 21.9 4- 1.0 18.5 4- 0.6 21.3 4- 0.9 
Ventral 23.5 4- 0.6 24.2 -4- 0.4 21.8 4- 0.5 

Bu/o marinus Dorsal 38.9 4- 1.7 31.6 -4- 1.1 41.0 4- 0.9 
Ventral 34.0 4- 1.1 31.8 4- 1.1 35.3 4- 1.0 

Expressed in % of total L-tyrosine converted, b See footnote b, Table II. 

Results and discussion. Six a m p h i b i a n  species showed  
v e r y  h i g h  i n t e g u m e n t a l  t y r o s i n a s e  ac t iv i t i e s  w h e n  com-  
p a r e d  w i t h  p rev ious ly  s tud ied  v e r t e b r a t e s  1. As sex differ-  
ences  in  t y r o s i n a s e  a c t i v i t y  were  n o t  discernible ,  all  d a t a  
for  a species were  conso l ida ted .  T he  e n z y m a t i c  a c t i v i t y  
in b o t h  t h e  dorsa l  a n d  v e n t r a l  sk in  of Amphiuma a n d  
Diemictylus a n d  t h a t  in  t h e  v e n t r a l  sk in  of Ambystoma 
(Table  I I )  was  g r ea t e r  t h a n  t h a t  occur r ing  in a n y  o t h e r  
n o r m a l  v e r t e b r a t e  i n t e g u m e n t  s t ud i ed  to  d a t e  a n d  
a p p r o a c h e d  or exceeded  t he  e n z y m a t i c  a c t i v i t y  levels in  
t h e  v e r t e b r a t e  m e l a n o m a s  p rev ious ly  s t ud i ed  1. T h e  v e r y  
h i g h  specific ac t iv i t i e s  in  these  a m p h i b i a n s  i nd i ca t e  t he  
r e l a t i ve ly  h igh  c o n c e n t r a t i o n  of t y ros inase  in t h e  p r o t e i n  
pool  of t h e  skin .  I n  add i t ion ,  i t  is also poss ible  t h a t  a 
h igh ly  ef fec t ive  t y r o s i n a s e  ac t iva to r ( s )  or t h a t  a less 
ef fec t ive  t y r o s i n a s e  inh ib i to r ( s )  is p resen t .  

T h e  i n t e g u m e n t a l  t y r o s i n a s e  a c t i v i t y  levels  a m o n g  t h e  
a m p h i b i a n s  were, in de scend ing  order ,  Amphiuma, Di- 
emictylus, Ambystoma, Bu[o, JR. pipiens, R. catesbiana 
a n d  Necturus. I n  t h e  dorsa l  skin,  t h e  h i g h e s t  a c t i v i t y  
p r e s e n t  in  Amphiuma was 76-fold h ighe r  t h a n  t h a t  pre-  
s en t  in  t h e  lowest ,  Necturus. I n  t h e  v e n t r a l  skin,  t h e  
h i g h e s t  a c t i v i t y  p resen t ,  in  Ambystoma, was 132-fold 
h i g h e r  t h a n  t h a t  p r e s e n t  in  t he  lowest ,  Necturus. W h i l e  
t he  t y ros inase  a c t i v i t y  in  t he  dorsa l  sk in  was  1.90-, 1.79- 
a n d  1.28-fold g r ea t e r  t h a n  t h a t  in  t h e  co r r e spond ing  
v e n t r a l  sk in  of Necturus, Diemictylus a n d  Amphiuma, 
respec t ive ly .  The  t y r o s i n a s e  a c t i v i t y  in  t h e  v e n t r a l  sk in  
was  7.87-, 1.36-, 1.32- a n d  1.17-fold g r ea t e r  t h a n  t h a t  in  
t h e  co r r e spond ing  dorsa l  sk in  in  Ambystoma, R. pipiens, 
R. catesbiana a n d  Bu]o, respec t ive ly .  I n  R. pipiens a n d  
R. catesbiana t h e  u n u s u a l  a n a t o m i c  d i s t r i b u t i o n  of t y ro -  
s inase  a c t i v i t y  a n d  t h e  poss ible  m e c h a n i s m  i n v o l v e d  h a v e  
b e e n  d iscussed  p rev ious ly  3. T he  f ind ings  in  r e g a r d  to  
Bu]o a n d  Ambystoma m a y  be  exp l a ined  s imilar ly .  

T h e  subce l lu la r  d i s t r i b u t i o n  s t u d y  of t y ros inase  re- 
vea l ed  t h a t  t h e  e n z y m e  was  p r e s e n t  in  b o t h  t h e  soluble  
a n d  p a r t i c u l a t e  f r ac t ions  in  all  species (Table  I I ) .  How-  
ever,  t he  e n z y m a t i c  a c t i v i t y  was g rea t e r  in  t h e  p a r t i c u l a t e  
f r ac t i on  of Diemictylus, Ambystoma, R. pipiens a n d  
Necturus skin.  The  h i ghes t  r a t i o  of p a r t i c u l a t e  a c t i v i t y  
to  soluble  a c t i v i t y  occu r red  in t h e  dorsa l  sk in  of Diemic- 
tylus a n d  t he  lowes t  in  t he  v e n t r a l  sk in  of Amphiuma. 

T h e  i n c o r p o r a t i o n  of t y ro s ine  w i t h o u t  d e c a r b o x y l a t i o n  
in % of t o t a l  L- tyros ine  conve r t ed ,  r a n g e d  f r o m  3 .6 -41 .0% 

(Table  I I I ) .  The  h ighes t  occur red  in Bu/o a n d  R. pipiens 
a n d  t h e  lowes t  in  Ambystoma. However ,  Diemictylus a n d  
Necturus also s h o w e d  a c o m p a r a t i v e l y  low c a r b o x y l  in- 
co rpo ra t i on .  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  in to  m e l a n i n  s u p p o r t s  t h e  a t t r a c t i o n  h y p o t h e s i s  
in melanogenesis as proposed previously 2,4. 

Summary. The anatomic and subcellular distribution 
of integumental tyrosinase activity and the tyrosine 
carboxyl group incorporation into melanin in 7 species of 
a m p h i b i a  were  i nves t iga t ed .  Necturus maculosus, Diemic- 
tylus viridiscens a n d  Amphiuma means showed  h i g h e r  
t y r o s i n a s e  a c t i v i t y  in  t h e  dorsa l  sk in  c o m p a r e d  to  t h e  
v e n t r a l  skin.  However ,  Ambystoma tigrinum, R. pipiens, 
R. catesbiana a n d  Bu/o marinus showed  t h e  u n u s u a l  
f e a tu r e  of a h i g h e r  ~ n z y m a t i c  a c t i v i t y  in  t h e  l i gh t  v e n t r a l  
sk in  w h e n  c o m p a r e d  to  t h e  d a r k  dorsal .  The  i n t e g u m e n t a l  
t y ros inase  a c t i v i t y  was  p r e s e n t  in  b o t h  subce l lu la r  f rac-  
t ions ,  soluble  a n d  pa r t i cu l a t e ,  in  all  species. T h e  p a r t i c u -  
l a te  f r ac t ion  of Diemictylus, Ambystoma, R. pipiens a n d  
Necturus was e n z y m a t i c a U y  m o r e  ac t ive .  I n  t h e  o t h e r  
species s tudied ,  t h e  soluble  f r ac t ion  c o n t a i n e d  t h e  g r ea t e r  
e n z y m a t i c  ac t iv i ty .  T h e  h i g h e s t  n o r m a l  v e r t e b r a t e  in t e -  
g u m e n t a l  t y ros inase  a c t i v i t y  a n d  specific a c t i v i t y  r e p o r t e d  
to  da te ,  occur  in  t h e  A m p h i b i a .  Ty ros ine  c a r b o x y l  in-  
c o r p o r a t i o n  i n to  m e l a n i n  r a n g e d  f rom 3 .6 -41 .0%.  A m -  
p h i b i a  a p p e a r  to  be  u n u s u a l l y  i n t e r e s t i n g  e x p e r i m e n t a l  
a n i m a l s  in p i g m e n t a t i o n  s tud ies  s. 

Rdsumd. L ' a n a l y s e  r a d i o m ~ t r i q u e  de t y ros inase  in t6gu-  
m e n t a l e  a d 6 m o n t r 6  que  les a m p h i b i e n s  son t  les ve r t6br6s  
les p lus  i n t6 re s san t s  d a n s  les 6 tudes  de m61anogen~se. 
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