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Activation of Skin Tyrosinase 

I n  t he  s t u d y  of me lanogenes i s  in  a n  e v o l u t i o n a l  series 
of v e r t e b r a t e s ,  i t  was  f o u n d  t h a t  t h e  i n t e g u m e n t a l  t y ro -  
s inase  in  m o s t  v e r t e b r a t e s  was  s t ab l e  ove r  a pe r iod  of 
t i m e  a t  0 -4°C  1. Howeve r ,  d u r i n g  such  s to rage  some 
v e r t e b r a t e  sk in  p r e p a r a t i o n s  showed  i n a c t i v a t i o n  of t y ro -  
s inase  whi l e  o t h e r s  s h o w e d  inc reased  t y r o s i n a s e  a c t i v i t y  
(ac t iva t ion) .  T h e  decreased  ty ros inase  a c t i v i t y  in  b l a c k  
goldf ish  sk in  e n z y m e  p r e p a r a t i o n s  d u r i n g  s to rage  a t  0 -4  °C 
h a s  b e e n  p r e s e n t e d  p rev ious ly  a. T h e  p r e s e n t  r e p o r t  deals  
w i t h  t y r o s i n a s e  a c t i v a t i o n  in  3 species of p r i m i t i v e  ve r t e -  
b ra t e s .  

Methods and materials. T h r e e  A t l a n t i c  hagf i sh  (Myxine 
glutinosa), 5 ga rp ike  (Lepisosteus osseus), a n d  3 A u s t r a l i a n  
lungf i sh  (Neoceratodus ]osteri) were  d e c a p i t a t e d .  T h e  
dorsa l  a n d  v e n t r a l  sk ins  were  r e m o v e d  a n d  f rozen  a t  
- -  27 °C for  severa l  weeks.  S ince  ga rp ike  a n d  A u s t r a l i a n  
lungf i sh  h a v e  t h i c k  scales, t h e  skin  h o m o g e n a t e  p r e p a r a -  
t i o n  was  a l t e red  f rom p rev ious ly  descr ibed  m e t h o d s  ~,3. 
P re -we ighed  sk in  was cu t  whi le  f rozen  i n to  smal l  s t r ips  in  
t h e  grooves  b e t w e e n  t h e  scales (garpike) or  in to  smal l  
pieces (Aus t r a l i an  lungfish) .  T h e  smal l  s t r ips  a n d  pieces 
of sk in  ( inc luding  scales) were  hom ogen i zed  in  a n  ice- 
chi l led  m i c r o - W a r i n g  b l e n d o r  for  10 ra in  w i t h  0 . 1 M  
p h o s p h a t e  buffer ,  pFI 6.8 (1 g sk in  to  10 ml  buffer) .  T h e  
h o m o g e n a t e s  t h e n  were  f ine ly  r e g r o u n d  in  a chi l led t i s sue  
gr inder .  Since t h e  p r o t e i n  c o n t e n t  of t he  skin  in  t h e s e  2 
f ishes  was  u n u s u a l l y  low a n d  t h e  t y r o s i n a s e  a c t i v i t y  in  
t h e  f resh  sk in  h o m o g e n a t e  was  v e r y  small ,  t h e  a m o u n t s  
of e n z y m e  p r e p a r a t i o n  were  inc reased  to  20 m g  sk in /as say .  
I n  t h e  case  of t h e  hagf i sh ,  we ighed  f rozen sk in  was  sliced 
on  d r y  ice a n d  h o m o g e n i z e d  in  a n  ice-chi l led mic ro -  
\ V a r i n g  b l e n d o r  for 6 rain,  w i t h  t h e  a b o v e  bu f fe r  (1 g sk in  
to  40 m l  buffer) ,  a n d  r e g r o u n d  in a chi l led  t i ssue  gr inder .  
T h e  p r e p a r a t i o n s  were  i m m e d i a t e l y  a s sayed  (Tab le  I), 
s t o red  a t  0 -4  °C, a n d  t h e n  a s s ayed  per iod ica l ly  (Tables  II ,  
I I I  a n d  IV).  D e t e r m i n a t i o n  of t y r o s i n a s e  a c t i v i t y  (by  
c o n v e r s i o n  of x4C-labeled L- tyros ine  to  melan in ) ,  specific 
ac t iv i ty ,  t y ro s ine  c a r b o x y l  i nco rpo ra t i on ,  a n d  p r o t e i n  N 
d e t e r m i n a t i o n  in t he  h o m o g e n a t e s  a n d  f r ac t ions  h a s  o t h e r -  

wise b e e n  descr ibed  3,4, The  e n z y m a t i c  r eac t ions  were  d o p a  
d e p e n d e n t  a n d  i n h i b i t e d  b y  N a  d i e t h y l d i t h i o c a r b a m a t e  
(6 r aM) .  A p p r o x i m a t e l y  1000 assays  were  pe r fo rmed .  
VVherever poss ib le  t h e  d a t a  a re  p r e s e n t e d  as t h e  m e a n  d- 
s t a n d a r d  e r ro r  of t h e  mean .  

T h e  ga rp ike  e n z y m e  p r e p a r a t i o n  was  used  to  t e s t  a 
poss ib le  m e c h a n i s m  oi t y r o s i n a s e  a c t i v a t i o n .  P o r t i o n s  of 
f resh  e n z y m e  p r e p a r a t i o n s  were  s to red  u n d e r  ~ 2  a t  0 -4  °C 
a f t e r  b e i n g  f lushed  w i t h  N 2 for  5 rain.  Samples  were  
r e m o v e d  a n d  a s sayed  a t  3 a n d  7 days ,  w i t h  t h e  N~ 
a t m o s p h e r e  rep laced  a t  3 days .  Af te r  t h e  7 -day  s a m p l e  
was r emoved ,  t he  e n z y m e  p r e p a r a t i o n s  were  s to red  u n d e r  
a i r  a t  0 -4  °C u n t i l  t h e  t e n t h  d a y  a n d  t h e n  re-assayed.  

Results and discussion. T h e  t y r o s i n a s e  ac t iv i t i e s  in t h e  
f resh  h o m o g e n a t e s  of all  3 species were low (Table  I). The  
e n z y m a t i c  a c t i v i t y  in  t h e  v e n t r a l  sk in  was  a b o u t  1/~ of 
t h a t  in  t h e  dorsa l  sk in  in  ga rp ike  a n d  lungf ish .  No t y r o -  
s inase  a c t i v i t y  was p r e s e n t  in  t h e  f resh  v e n t r a l  sk in  
h o m o g e n a t e s  of t h e  hagf ish .  The  t y r o s i n a s e  a c t i v i t y  in 
ga rp ike  a n d  hagf i sh  was p r e s e n t  on ly  in  t h e  p a r t i c u l a t e  
f rac t ion ,  whe reas  t h e  e n z y m a t i c  a c t i v i t y  in  lungf i sh  was  
p r e s e n t  in  b o t h  subce l lu la r  f r ac t ions  (soluble a n d  p a r t i c u -  
late) .  The  lungf i sh  c o n t a i n e d  on ly  s l igh t ly  less t h a n  50% 
of t h e  en t i r e  e n z y m a t i c  a c t i v i t y  in  t h e  soluble  f rac t ion .  
T h e  t y r o s i n e  i n c o r p o r a t i o n  in to  m e l a n i n  w i t h o u t  decar -  
b o x y l a t i o n  was  a p p r o x i m a t e l y  18% in  ga rp ike  sk in  a n d  
17~o in A t l a n t i c  hag f i sh  sk in  b u t  30% in  lungf i sh  skin,  
T h e  low specif ic  a c t i v i t y  in  t h e  h o m o g e n a t e s  i nd i ca t e s  a 
low a c t i v e  sk in  t y r o s i n a s e  c o n t e n t .  However ,  h i g h  specific 
a c t i v i t y  of t h e  p a r t i c u l a t e  f r ac t i on  in A t l a n t i c  hag f i sh  
i nd i ca t e s  a h i g h  a c t i v e  t y r o s i n a s e  c o n t e n t .  
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Table  I. Skin tyrosinase activity in Atlantic hagfish (Myxine glutinosa), long nose garpike (Lepisosteus osseus), and Australian lungfish 
(Neoceratodus ]osteri) 

Species Tyrosinase activity 

T.U.a[20 mg skin Specific activity b 

H a P S H P 

Tyrosine carboxyl incorporation c 

H P S 

Atlantic hagfish 

Dorsal 196 4- 100 196 4- 89 0 12 4- t 27 4- 1 0 17.2 4- 0.4 17.2 4- 0.4 0 
Ventra l  0 0 0 0 0 0 0 0 0 

Garpike 

Dorsal 148 4- 21 147 4- 12 0 2 4- 1 3 4- 0 0 17.9 4- 0.6 17.5 4- 0.3 0 
Ventral  48 q- 14 48 q- 10 0 1 4- 0 1 4- 0 0 17.8 ± 0.6 17.5 + 0.3 0 

Australian lungfish 

Dorsal 104 q- 11 54 4- 3 48 4- 1 12 4- 0 9 4- 0 15 4- 1 31.2 4- 0.4 31.3 4- 0.5 28.6 4- 0.6 
Ventral 32 4- 2 19 4- 1 17 4- 1 4 4- 0 4 4- 0 6 4- 0 31.6 4- 1.0 27.3 q- 1.0 30.0 q- 1.0 

a 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. Specific activity of C x4 labeled L-tyrosine, 0.329 mc/mmole; total of 40~tg of 
z-tyrosine/ml of incubation mixture, b Specific activity is defined as the number of T.U./pg protein nitrogen, c Expressed as L-tyrosine 
incorporated without decarboxylation in % of total z-tyrosine converted, d H, skin homogenate; P, particulate fraction; S, soluble fraction 
(fractionation of h o m o g e n a t e  at  0-4 °C, 144,000 g, 40 rain). 
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Table II. Alteration in tyrosinase activity a (T.U.) at 0-4 °C as a function of time in garpike, Lepisosteus osseus, skin homogenates 
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Enzyme preparation Time (days) 

0 b 3 7 10 14 17 21 

Animal 1 : 

Dorsal 124 
Ventral 24 
Dorsai and ventral c 92 
Dorsal (N2) a 
Ventral (N~) a 
Dorsal and ventral (N2) a 

Animal 2 : 

Dorsal 176 
Ventral 72 
Dorsal and ventral a 132 

548 8028 23712 10472 9432 - 
880 8128 25192 7952 7448 1232 
380 1808 12700 16712 8164 6248 
130 128 7061 
26 27 6934 
90 95 1524 

10188 - 13520 3040 2328 
1500 - 17492 - - 
9912 - 18020 - - 

a T.U./20 mg skin. b Newly-prepared. c The enzyme preparations from the dorsal and ventral skins were combined so that the mixed enzyme 
preparation contained the same proportion of dorsal and ventral homogenate as in the whole skin. Stored under N 2 for 7 days; stored 
under air from the seventh to tenth day. 

Table III. Alteration in tyrosinase activity a (T.U.) at 0-4 °C as a function of time in Australian lungfish, Neoceralodus/osteri, skin homogenates 

Skin part of Degree of Time (days) 
one animaI skin color 

0 b 7 11 14 18 21 

Dorsal I Darkest 83 396 5357 10282 8713 5245 
Dorsal 2 Darker 20 73 1782 5923 7160 5154 
Dorsal 3 Dark 27 71 593 1006 3398 1596 
Ventral 1 White 12 80 323 2334 11574 8529 
Ventral 2 White 7 80 294 741 11033 10494 
Ventral 3 White 3 17 61 277 1190 255 

a T.U.]20 mg skin. ~ Newly-prepared. 

Table IV. Alteration in tyrosinase activity a (T.U.) at 0-4°C a s  a 
function of time in Atlantic hagfish Myxine glutinosa skin homo- 
genates 

Enzyme Time (days) 
preparation 

0 b 6 I0 15 20 

Dorsal 102 484 3184 1292 264 
Ventral 0 3632 6720 5044 1008 

a T.U./20 mg skin. b Newly prepared. 

Dur ing  the  course of t he  3-week s torage  period,  ty ro -  
s inase ac t iv i ty  was  increased  radica l ly  in all 3 species b u t  
e n z y m a t i c  a c t i v i t y  even tua l ly  decreased  (Tables II ,  I I I  
a n d  IV). In  garpike  skin  (Table II) t he  m a x i m a l  ac t iv i ty  
c o m p a r e d  w i t h  t he  ini t ia l ly  a s sayed  ac t i v i t y  was  found  to  
increase  191-, 1050- a n d  182-fold in dorsal ,  v e n t r a l  and  
dor sa l -ven t ra l  skin  h o m o g e n a t e s  respec t ive ly ,  in one  
an imal .  In  a second animal ,  t he  increases  in t he  above  
areas were  77-, 243- a n d  137-fold, respect ive ly .  The  
g rea tes t  increase occurred  in t he  ven t r a l  skin. In  lungfish 
(Table I I I )  t he  c o m p a r a t i v e l y  darkes t ,  da rke r  and  dark  
pa r t s  of t he  dorsal  skin possessed  a max ima l  a c t i v i t y  of 

105-, 358- and  126-fold the  ac t iv i ty  of the  co r respond ing  
fresh e n z y m e  prepara t ions .  The 3 whi te  ven t r a l  skin por-  
t ions  also increased to  m a x i m a  of 965-, 1576- a n d  379-fold 
the  ac t iv i ty  in t h e  co r respond ing  f resh  skin  e n z y m e  
p repara t ions .  As in t h e  garpike,  t h e  increase  in ac t iv i ty  
was the  g rea t e s t  in t h e  v e n t r a l  pa r t .  I n  hagf i sh  (Table IV),  
t he  ma x i ma l  ty ros inase  a c t i v i t y  increased  to  31-fold the  
original  ac t iv i ty .  A l though  f resh  hagf i sh  ven t r a l  skin 
h o m o g e n a t e  showed  no ty ros inase  ac t iv i ty ,  t he  e n z y m a t i c  
ac t iv i ty  appea r ing  dur ing  t h e  course of s torage  ach ieved  
a m a x i m u m  which  was 2-fold g rea te r  t h a n  t h a t  occurr ing  
in t he  dorsal  skin  a t  10 days .  

The  ty ros inase  a c t i v i t y  increase  dur ing  s to rage  m a y  
resul t  f rom t h e  de s t ruc t i on  of inhibi tor(s)  or t he  p r o d u c -  
t ion  of ac t iva tor (s )  dur ing  the  course  of t h e  g radua l  
ox ida t ion  a t  low t e m p e r a t u r e .  The  garpike e n z y m e  p repa -  
ra t ions  s to red  u n d e r  N 2 for 7 days  showed no change  in 
ty ros inase  a c t i v i t y  dur ing  th is  in terval .  However ,  ac t iv i ty  
was  g rea t ly  enhanced  3 days  la ter  (stored u n d e r  air) 
(Table II) .  The g rea te r  increase in a c t i v i t y  in t he  ven t r a l  
skin  w h e n  c o m p a r e d  to  t he  dorsal  sk in  sugges ts  a h igher  
c o n c e n t r a t i o n  of ty ros inase  inhibi tor(s)  in t h e  f o r me r  t h a n  
in  t he  la t te r .  I t  is n o t  surpr is ing,  therefore ,  t h a t  t h e  in 
v ivo  color of t h e  ven t r a l  skin  in th i s  species  is a l mo s t  
whi te .  As ox ida t ion  of some metabol i te (s )  in t he  homo-  
gena te  m a y  take  place dur ing  s torage,  the i r  e l imina t ion  
m a y  p e r m i t  t he  express ion  of ty ros inase  ac t iv i ty .  In  
addi t ion ,  t h e  poss ib i l i ty  of e n z y m e  l ibera t ion  or t he  
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ac t iva t ion  of p ro - ty ros inase  dur ing  s torage  a t  low t empe r -  
a ture  is n o t  excluded.  However ,  because  of t he  low pro te in  
n i t rogen  c o n t e n t  of t he  skin enzyme  p repa ra t i ons  der ived  
f rom the  garp ike  and  t h e  Aus t ra l ian  lungfish,  t he  loss of 
inhibi tor(s)  and /o r  p roduc t i on  of ac t ivator(s)  appear s  to  
be a more  reasonable  exp lana t ion .  The u l t ima te  decrease 
in ty ros inase  ac t iv i ty  seen a f te r  a l eng thy  per iod  of 
s torage,  m a y  be the  resu l t  of a g radua l  d i sappea rance  of 
act ivator(s)  but ,  more  p robab ly ,  the  inac t iva t ion  of ty ro-  
s inase itself. I n  addi t ion ,  t h e  descr ibed  f indings  indica te  
t h a t  the  3 species ut i l ized in t he  p r e sen t  s tudy ,  a l though  
diff icul t  to  procure ,  m a y  p rove  to  be of cons iderable  u t i l i ty  
in the  s t u d y  of na tu ra l  mechan i sms  cont ro l l ing  melano-  
genesis s. 

Rdsum& L'ac t iv i t6  de ty ros inase  in t~gumenta le  est  aug- 
men t6  pa r  un  s6jour de 10-18 jours  ~ 0 -4°C sous oxyg~ne 

ou en plein air mais  pas  nitrog~ne.  Les 3 espSces vert6br6s 
qui m o n t r e n t  ce t te  r6act ion sout  IYIyxine glutinosa, Lepi- 
sosteus osseus et Neoceratodus [osteri. 
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L i v e r  G l y c o g e n  C o n c e n t r a t i o n  i n  P a t i e n t s  w i t h  C h r o n i c  U r e m i a  

An impa i red  galactose  to le rance  tes t ,  decreased hype r -  
g lycemic  response  to  adrena l ine  and  glucagon in u remic  
pa t i en t s ,  as well as decreased  l iver  glycogen concen t r a t i o n  
in e x p e r i m e n t a l  u remia  led COHEN 1 to  the  assumpt ion ,  
t h a t  impa i red  l iver glycogenesis  is t he  cause of glucose in- 
to le rance  in uremia.  There  are some addi t iona l  d a t a  sup- 
po r t i ng  the  view t h a t  t he  l iver p lays  a decisive role in th is  
fai lure  8,3. On the  o the r  hand ,  t h e  decreased  hype rg lycemic  
response  on glucagon admin i s t r a t i on  was no t  p roved  by  
o t h e r  au tho r s  8, ,. There tore  t he  inh ib i ton  of glycolysis  was  
p roposed  as t he  cause of a b n o r m a l  c a r b o h y d r a t e  me ta -  
bol i sm in t he  l iver 3. I t  was  p r e s u m e d  wor thwhi l e  to  de ter -  
mine  l iver  g lycogen concen t r a t i on  in uremic  individuals  to  
solve these  c o n t r a d i c t o ry  f indings.  

Methods. Liver  g lycogen concen t r a t i on  in 9 contro l  (i.e. 
p a t i e n t s  w i th  diseases no t  involv ing  the  l iver  or t he  kidney)  
and  in 10 uremic  p a t i e n t s  was  de t e rmined .  The p e r t i n e n t  
clinical d a t a  of the  l a t t e r  group are s u m m a r i z e d  in Table  I. 

Glycogen concen t r a t i on  was d e t e r m i n e d  in p a t i e n t s  on ad 
l ib i tum in take  of a m i n i m u m  of 150 g c a r b o h y d r a t e  on the  
3 days  preced ing  the  tes t .  On the  preced ing  even ing  the  
n remics  as well as t he  cont ro ls  were  g iven 50 g glucose 
orally. P e r c u t a n e o u s  l iver b iopsy  was  t aken  in a s t a n d a r d  
m a n n e r  n e x t  mo r n i n g  b e t w e e n  08.00 and  08.30. L iver  
spec imen  was d iv ided  in to  2 pa r t s  : The  one was  e x a mi n e d  
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Table I. Clinical data at the time of percutaneous liver biopsy 

Patient No. Primary cause of uremia Blood urea Standard Blood erythrocytes Glucose 
mg % bicarbonate 10s/ram 8 tolerance 

mE]l test 

Individuals with normal glucose tolerance test 

Glomerulonephritis 

Pyelonephritis 

Amyloidosis 

Individuals with abnormal glucose tolerance test 

6 Glomerulonephritis 
7 
8 

9 Pyelonephritis 
10 

63 18 4.24 --15 
155 19 3.80 + 8 

66 17 4.38 + 8 
90 17 4.08 + 18 

108 13 2.66 + 10 

58 22 4.36 + 46 
264 20 3.02 + 39 
177 10 2.38 + 58 

210 22 2.32 + 45 
126 17 2.40 + 72 

• Values were calculated as the difference between glycemia at 120 min and fasting glycemia. Normal values do not exceed + 20 mg % b. 


