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The fac t  t h a t  a typ ica l  behav iour  of the  mi to t i c  cycle, 
in an imal  cells, has  been  prev ious ly  observed  only among  
embryonic  cell  var ie t ies  n,l~, and now also in an adu l t  
m a m m a l i a n  cell de r ived  f rom an ex t r eme ly  v i ru len t  neo- 
plasm, is in te res t ing  and suggest ive.  Metabol ic  similari t ies 
be tween embryon ic  cells and  neoplast ic  ceils h a v e  long 
been recognized and  re la ted to an  increased capac i ty  for 
prol i ferat ion of bo th  of these categories  of cells. I t  now 
appears  t h a t  these  metabo l ic  similari t ies also mani fes t  
themselves  in specific devia t ions  f rom the  charac ter i s t ic  
t iming pa t t e rn  of t he  normal ,  adult ,  an imal  cell 'cycle. I f  
i t  can  be confi rmed,  by  fur ther  exper imenta t ion ,  t h a t  
mal ignant  cell t r ans fo rmat ion  indeed al ters  the  normal  
cell-division-cycle of adul t  m a m m a l i a n  cells by  relaxing,  
to a var iab le  degree, t he  controls  which suppress D N A  
synthesis in normal  adul t  cells dur ing the  ear ly  pa r t  of 
the in te rphase  (Gl-period),  t hen  a new q u a n t i t a t i v e  as- 
sessment of the  degree of ma l ignancy  is feasible, an  
assessment based on the  eva lua t ion  of the  pa ramete r s  

The  obse rva t ion  t h a t  D N A  synthesis  commences ,  in 
certain rap id ly  prol i fera t ing cells such as neoplast ic  mouse  
mast  cells and embryon ic  ceils, immedia te ly ,  t h a t  is wi th in  
minutes  af ter  cell division, is of considerable  in teres t  also 
in regard to the  p rob lem of g rowth  control .  The  observa-  
t ion t h a t  the  cell r eproduc t ion  cycle is i n t e r rup ted  - by  
inhibi t ion of R N A  and prote in  synthesis,  for example  - 
most  easily and d ramat i ca l ly  in ear ly  stages of the  inter-  
phase ~z,xa, had  led to the  belief t h a t  the  b iochemical  
act ivi t ies  which form the  basis of the  Gl -per iod  establ ish 
the requis i te  condi t ions  for cell division and for mitosis  ~z 
Our Iindings (absence of G1), in P815Y cells, indicate  
t ha t  specific b iochemical  ac t iv i t ies  of newly dupl ica ted  
cells, such as the  synthes is  of specific R N A ' s  or  prote ins  

dur ing the  ear ly  pa r t  of in terphase,  are  no t  an  essent ial  
r equ i r emen t  for t h e  induc t ion  of a new cycle of D N A  
synthesis  and mitosis.  T h e y  also suggest  t he  possibi l i ty  
t h a t  t he  p r ima ry  and decisive factors  i nvo lved  in t he  
propuls ion of the  ceil  r ep roduc t ion  cycle begin to  opera te  
a t  some s tage  dur ing  mitosis,  r a the r  t h a n  af te r  cell 
d ivis ion ln,1% 

Zusammen/assung. I m  mi to t i schen  Zyklus  vol l s tgndig  
asynchroner ,  exponent ie l l  prol i fer ierender  neoplast ischer  
Mausmastze l len  des S t a m m s  P815Y ist  die G1-Phase voll-  
stXndig abwesend.  D N A - S y n t h e s e  (S-Phase) beanspruch t  
84%, G2-Phase 14% und Mitose 4% der vol len Daue r  des 
Zell-Zyklus.  
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lntegumental Tyrosinase Activity in Reptiles 

Rept i les  fo rm a cri t ical  ve r t eb r a t e  class in evo lu t iona ry  
Studies as t h e y  are  basical ly  te r res t r ia l  and  show the  
deve lopmenta l  (anmiote)  character is t ics  of the  h igher  
ver tebra tes ,  b u t  re ta in  t he  p r imi t ive  inab i l i ty  to  inde- 
penden t ly  ma in ta in  a cons t an t  b o d y  t empera tu re .  I n  an  
evo lu t ionary  s tudy  1, i t  appeared  t h a t  t he  amniotes ,  in 
cont ras t  to  t he  anamniotes ,  showed low in t egumen ta l  
tyrosinase a c t i v i t y  levels  as well  as the  l imi ta t ion  of the  
Subcellular local iza t ion of enzyme  ac t i v i t y  to  t he  par t icu-  
la te  f rac t ion af te r  u l t racent r i fugat ion .  As a result ,  repre-  
senta t ive  species of t he  3 ma jo r  orders  of the  class 
t~eptilia, t he  Chelonia  (turtles), Crocodil ia  (crocodiles) 
and S q u a m a t a  (suborder Serpentes,  snakes and suborder  
Sauria, lizards) were inves t iga ted  in regard  to the  var ious  
aspects of the i r  i n t egumen ta l  tyros inase  a c t i v i t y  levels, 
including the  ana tomic  and subcel lular  tyros inase  distri-  
but ion and the  ex t en t  of tyros lne  ca rboxyl  incorpora t ion  
into melanin.  

Methods and materials. All rept i les  used (Table I) were 
decapi ta ted  and  the  dorsal and ven t ra l  skin areas were 
l ramediate ly  r emoved  and frozen ( -  27 °C). I n  Opheodrys 
the  la tera l  skin was also studied.  The  enzyme  in Trionyx 
in tegument  bound  to the  carapace  and p las t ron  was com- 
Pared wi th  t h a t  in the  remain ing  por t ions  of t he  skin. The  
enzyme prepara t ion ,  rad iomet r ic  assay procedures  and 

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

Species No. of animals Boby 
used i weight (g) b 

Trionyx lerox 
(Florida softshelt turtle) 3 11 (10-12) 

Caiman sclerops 
(Spectacled caiman) 3 235 (209-257) 

Opheodrys aestiw~s 
(Vine snake) 3 17 (14-22) 

Anolis carolinensis 
(American 'chameleon') 10 (2} 3.6 (2.7-4.1) 

The number in parenthesis represents the total number of pooled 
samples. Otherwise the number of enzyme preparations is equal to 
the number of animals used. b Mean weight (weight range). 
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Table II. Integumental tyrosinase activity in reptiles 

Species T.U.s/mgskin Specific activity b Tyrosine carboxyl group incorporation %* 

H P S H P S H P S 

Trionyx ]erox 
Dorsal 153 -4- 5 150 q- 3 0 17 4- 0 23 -4- 1 0 15.6 q- 0.7 15.9 4- 0.9 0 
Ventral 46 4- 1 44 4- 2 0 5 4- 0 6 4- 0 0 14.8 4- 0.3 15.4 4- 0.4 0 
Carapace 24 4- 1 25 4- I 0 6 4- 0 10 -4- 1 0 21.4 4- 0.5 22.3 q- 0.6 0 
Plastron i0 4- I I0 4- 1 0 9 4- 0 14 -l- i 0 16.7 4- I . i  17.3 -I- 0.7 0 

Caiman sclerops 
Dorsal 235 4- 11 224:1:11 0 17 4- 0 29 4- 1 0 31.9 :t: 0.7 33.3 4- 1.1 0 
Ventral 112 4- 3 109 4- 4 0 9 4- 0 21 4- 1 0 36.4 4- 0.8 37.5 4- 0.4 0 

Opheodrys aestivus 
Dorsal 367 4- 7 102 4- 4 272 q- 7 39 4- 2 16 -1- 1 86 q- 3 31.5 4- 0.7 40.0 4- 0.7 27.5 4- 0.5 
Lateral 99 4- 5 48 4- 2 48 4- 2 3 4- 0 2 -4- 0 7 4- 0 37.9 4- 0.6 42.9 4- 1.1 35.7 4- 0.6 
Ventral 139 q- 2 51 4- 2 92 4- 2 6 4- 0 3 4- 0 12 q- 0 34.2 4- 0.3 26.7 4- 0.7 37.0 4- 0.6 

Anotis carolinensis 
Dorsal 262 265 0 16 19 0 28.1 28.1 0 
Ventral 180 183 0 8 10 0 15.8 15.8 0 

• 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. b Specific activity is defined as the number of T.U.//tg protein 
nitrogen. Q Expressed in % of total L-tyrosine converted. 

s u b s t r a t e s  u t i l i zed  h a v e  b e e n  desc r ibed  1,*. T h e  ac t iv i t i e s  
of t h e  e n z y m e  p r e p a r a t i o n s  were  d o p a  d e p e n d e n t ,  com- 
p le t e ly  i n h i b i t e d  b y  s o d i u m  d i e t h y l d i t h i o c a r b a m a t e  (6 
m M )  a n d  s t a b l e  for  a t  l eas t  2 weeks  a t  0-4°C.  T h e  
m e t h o d s  of p r o t e i n  ana lys i s  a n d  s t a t i s t i ca l  e v a l u a t i o n  
also h a v e  b e e n  repor ted* ,  D a t a  are p r e s e n t e d  in  t h e  fo rm 
~ ± a ~ .  

Results and discussion. T h e  t y r o s i n a s e  ac t iv i t i e s  (Table  
I I )  in  rept i les  were, in  de scend ing  order ,  Opheodrys, 
Anolis, Caiman a n d  Trionyx in  t h e  dorsa l  skin,  a n d  
Anolis, Opheodrys, Caiman a n d  Trionyx in  t h e  v e n t r a l  
skin .  Ty ros inase  a c t i v i t y  in  r ep t i l i an  sk in  was r e l a t ive ly  
low w h e n  c o m p a r e d  to  t h e  a m p h i b i a  s b u t  was  h ighe r  t h a n  
t h a t  p r e s e n t  in  t h e  n o r m a l  i n t e g u m e n t  of t h e  more  ad-  
v a n c e d  a m n i o t e s  (birds,  mammal s )1 .  

T h e  a n a t o m i c  d i s t r i b u t i o n  of t y ros inase  a c t i v i t y  
d e m o n s t r a t e d  t h e  p resence  of h ighe r  enzymic  a c t i v i t y  
levels in  t h e  dorsa l  sk in  t h a n  in  t h e  v e n t r a l  skin.  T h e  
a c t i v i t y  in  t he  dorsa l  sk in  was  3.3, 2.6, 2.1 a n d  1.5 t i m e s  
h i g h e r  t h a n  t h a t  in  t h e  v e n t r a l  i n t e g u m e n t  of Trionyx, 
Opheodrys, Caiman a n d  Anolis, respec t ive ly .  I n t e r e s t -  
ingly,  t h e  l a t e ra l  sk in  of Opheodrys c o n t a i n e d  less t y r o -  
s inase  a c t i v i t y  t h a n  e i t h e r  t h e  dorsa l  or  v e n t r a l  skin.  I n  
Trionyx, t h e  i n t e g u m e n t  cover ing  t h e  ca r apace  c o n t a i n e d  
1 6 ~  of t he  t y r o s i n a s e  a c t i v i t y  f o u n d  in t h e  dorsa l  sk in  
a n d  t h a t  cove r ing  t h e  p l a s t r o n  c o n t a i n e d  22% of t h e  
t y r o s i n a s e  a c t i v i t y  f o u n d  in t he  v e n t r a l  skin.  T h e  ty ro -  
s inase  a c t i v i t y  of t h e  c a r a p a c e  a rea  was  2.4 t imes  h ighe r  
t h a n  t h a t  of t h e  p l a s t r o n  area.  These  f ind ings  sugges t  t h a t  
t he  enzymic  a c t i v i t y  w h e n  expressed  pe r  u n i t  mass  m a y  
n o t  r evea l  t h e  rea l  a c t i v i t y ,  for  t h e  specific a c t i v i t y  d a t a  
d e m o n s t r a t e  t h e  di f ferences  b e t w e e n  the se  areas  to  b e  
cons ide r ab ly  smal le r  (Table  I I ) .  

A m o n g  t he  rept i les  s tud ied ,  t y r o s i n a s e  a c t i v i t y  oc- 
cu r r ed  on ly  in t he  soluble  f r ac t ion  of Opheodrys. I n  th i s  
species t h e  m a j o r  p o r t i o n  of t h e  enzymic  a c t i v i t y  (74, 
50 a n d  66% of t h e  t o t a l  in  t h e  dorsal ,  l a t e ra l  a n d  v e n t r a l  
skin,  respec t ive ly)  was  in t h e  soluble  f rac t ion .  As t h e  
t y r o s i n a s e  a c t i v i t y  in  all  o t h e r  n o r m a l  a d u l t  a m n i o t e s  1 
s t ud i ed  is 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 ,  t h e  

snake  a p p e a r s  to  h a v e  lef t  t h e  .main  e v o l u t i o n a r y  p a t h -  
w a y  1 in  r ega rd  to t h e  subce l lu la r  d i s t r i b u t i o n  of ty ro -  
s inase  ac t iv i ty .  

T h e  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 a c t i o n  a p p e a r e d  
to  be  h i g h e r  t h a n  t h a t  in t h e  h o m o g e n a t e  in all  species 
b u t  t he  snake .  Th i s  m a y  h a v e  re su l t ed  f rom t h e  r e m o v a l  
of t he  soluble  f r ac t ion  p r o t e i n s  f rom t h e  h o m o g e n a t e .  I n  
Opheodrys, a c o n s i s t e n t  inc rease  in enzymic  a c t i v i t y  is 
p r e s e n t  a f t e r  h o m o g e n a t e  f f ac t iona t ion ,  s t r o n g l y  sug- 
ges t ing  t he  p re sence  of a t y ros inase  inh ib i to r ( s )  as re- 
p o r t e d  p r e v i o u s l y  in o t h e r  v e r t e b r a t e  classes 1,*,~. 

T h e  t y ro s ine  i n c o r p o r a t i o n  w i t h  t he  c a r b o x y l  g roup  s in 
rept i les  r a n g e d  f rom 14.8 to  42 .9% of t he  t o t a l  L- tyros ine  
conve r t ed .  T h e  e x t e n t  of i n c o r p o r a t i o n  of t y ro s ine  carb-  
oxyl  g roups  a m o n g  t he  IReptilia s t ud i ed  falls in  t he  r ange  
of v e r t e b r a t e s  genera l ly  l,L 

Zusammen]assung. Bei  1Reptilien is t  die Tyros inase -  
a k t i v i t ~ t  a m  h 6 c h s t e n  in de r  R i i c k e n h a u t .  Mi t  A u s n a h m e  
de r  S c h l a n g e n h a u t  wi rd  sie n a c h  U l t r a z e n t r i f u g a t i o n  im 
S e d i m e n t  ge funden .  De r  E i n b a u  der  C a r b o x y l g r u p p e  des 
Tyros ins  in  Me lan in  verl~tuft t thnl ich  wie bei  a n d e r n  
V e r t e b r a t e n .  I n  de r  H a u t  f i nden  sich v e r m u t l i c h  Tyrosi -  
n a s e - I n h i b i t o r e n .  
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