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increases exponential ly throughout  the germinat ion 
stage;  (4) in the cotyledon, the amounts  of P.N.A.-P,  
dry weight, and protein-N simultaneously decrease 
rapidly with the elapse of time. I t  is worth while to point  
out  tha t  a large amount  of P .N.A.-P  is found in th is  
reserve organ at the initial stage of germination.  
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Fig. 3.--Changes in pentose nucleic acid phosphorus content of 
embryonic organs of Vigna sesqsipedalis during the germination 
stage. See t.'xt of Figure I for symbols used. Scale in the right ordi- 

nate, for Cotyledon; the left, for P, H, and R. 
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Close parallelism between increase of P.N.A. and tha t  
of protein is thus demonst ra ted  in all anabolic (growing) 
organs studied. This is most str ikingly recognizable in 
the hypocoty l  tissue in Which the mode of growth is 
shown to change categorically from "d iv i s ion"  to "elon- 
ga t ion"  at  about  the middle of the germination stage 1. 
Increase of protein occurs only in the earlier half of the 
germinat ion stage, while in the later half protein content  
remains pract ical ly constant ;  P.N.A. increase is ob- 
served only in the earlier half, and it  begins to disappear 
as the protein increase ceases. The result seems to suggest 
tha t  if P.N.A. is indeed involved in protein synthesis, 
then a synthesis ra ther  than  only existence or degrada- 
tion of P.N.A. may be significant for the formation of 
protein. This view is thought  to be supported by the 
several similar findings in animal and microbial mate-  
rials 2. In this connection, i t  is also a noticeable fact tha t  

1 y. OOTA, Science (Kagaku), Tokyo 23, 60 (1953); Embryologia, 
Nagoya (in press). 
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- M. FUKUDA and A. SmATANI, J. Biochem., Tokyo (in press). - 
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36, 741 (1952). 

in all the embryonic  tissues except  cotyledon, an ap- 
proximate ly  cons tant  quant i ta t ive  relat ionship between 
m a x i m u m  contents  of both protein-N and P.N.A.-P 
(ca. 14: 1) was observed. 

As for the unexpectedly  high P,N.A. content  of the 
cotyledon, the possible existence of reserve phosphates 
such as phyt ic  acid, which, if present, would be removed 
by the cold tr ichloroacetic acid t r ea tmen t  in our frac- 
t ionat ion  procedure, may  not be the cause of such high 
phosphorus value observed for the P.N.A. fraction. In 
the germinat ion stage, the cotyledon tissue which is now 
catabolic in nature is practically deprived of any ability 
to produce P.N.A. Hence the existing P.N.A. would 
be the survival  of what  had been produced in the ana- 
bolic phase of the cotyledon in its earlier stage of devel- 
opment  on the placenta.  We believe tha t  this is the first 
case in which a reserve organ is found to have such a 
large amount  of P.N.A. even in i ts  mature  stage. The 
significance of this h igh P.N.A. content  in the cotyledon 
is as yet  obscure 

S. OSAWA and Y. OOTA 

Biological Institute, Faculty of Science, Nagoya Uni- 
versity, Japan,  December if, 1952. 

Zusammenlassung 

In den embryonalen Geweben einer Hiilsenpflanze, 
Vigna sesquipedalis, findet Zunahme an Proteingehalt  
stets zugleich mit  Zunahme an PentosenukleinsAure- 
gehalt  s tat t .  Dies ist ein genau gleiches Verhalten, wie 
man ihm bereits bei Mikroben sowie bei t ierischen Ge- 
weben begegnete. In den Kotyledonen (Reserveorgane) 
wird ein unerwarte t  hoher Gehalt  an P.N.A. gefunden. 

C o l o u r  Pattern and the Definition of the Species, 
Diadema antillarum Philippi 

Six species have been distinguished in the echinoid 
genus Diadema (Humphreys,  1797) Gray I. Distinctions 
are mainta ined on the grounds of differences in the 
shape of the valves of the t r identa te  pedicellariae, the 
number  of series of large tubercles in the interambulacral  
areas of the test  and the colour pat tern.  

MORTENSEN ~ long ago urged tha t  more at tention 
should be directed to these colour differences, which 
mainly  concern the disposition of blue areas on the black 
background of the test, on the grounds tha t  herein may 
exist  a clue to the interrelationships of the several 
species. Thus it  is s tated tha t  the blue pat tern  of the 
genotype D. setosum (Leske) is very characterist ic,  con- 
sisting of isolated spots, whereas tha t  of D. antillarum 
Philippi forms continuous lines, in the interambulacra.  
In Diadema Savignyi  (Audouin) Michelin, a continuous 
blue ring around the periproct  is described, which is 
s tated to be absent in D. antiUarum, etc. ~. 

My own studies on the last form have shown tha t  the 
distr ibution of the blue colour has been inadequately 
described and al though I have not  ye t  had the oppor- 
tun i ty  of examining any other  species, in the case of 

1 TH. MORTE~SEN, A Monograph o/ the Echinoide6 (Reitzel, 
Copenhagen, 1940), p. 111. 

2 TH. MORTENSEN, U. S. Nat. Mus. Bull. Washington 74 (1910). 
3 Tm MORTENSES, A Monograph o/the Echinoidea (Reitzel, Co- 

penhagen, 1940), p. 111 ; U. S. Nat. Mus. Bull. Washington 7g (1910). 
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D. antillarum, t h e  d i s t i n c t i o n s  d r a w n  on  t h e  bas i s  of t h e  
blue p a t t e r n  are  c e r t a i n l y  n o t  so wel l  de f i ned  as p rev i -  
ously m a i n t a i n e d .  T h u s  t h e r e  a re  wel l  m a r k e d  co lour  
changes  ~, b o t h  phys io log ica l  a n d  m o r p h o l o g i c a l ,  w h i c h  
affect  p rec i se ly  t h o s e  b lue  a reas  t h a t  h a v e  b e e n  acco rded  
s y s t e m a t i c  s igni f icance .  

Figs. 1 and 2.--Two views of D. antillarum showing the colourpattern 
which develops on the test in darkness. 

Fig. 1.--Aboral view of a young form photographed after being in 
total darkness for 3 h. The spines have been cut short. 2 : 1. Note that 
the pattern includes a ring around the periproet and that the ray- 
like portions of the pattern in the interambulacra are becoming 

obscured in parts by the spreading of pigment. 

Fig. 2.--A lateral view of an adult after similar treatment but the 
spines remlin intact. Note that the pattern is much less extensive, 
being restricted to a configuration resembling a lancet arch in the 
ambital and supra-ambital region of the interambulacrum. Note the 
lines of the pattern becoming irregular and broken up by the spread- 

ing of melanin. I/t : 1. 

The  p h y s i o l o g i c a l  co lour  change ,  w h i c h  is due  to  t h e  
d i spers ion  a n d  c o n c e n t r a t i o n  of m e l a n i n  in super f ic ia l  
c h r o m a t o p h o r e s  2, as p r e v i o u s l y  r e p o r t e d  is r e l a t e d  in  
p a r t  a t  l eas t  t o  e n v i r o n m e n t a l  l i gh t ing ,  y o u n g  fo rms  
which  h a v e  b e e n  in  d a r k n e s s  for  s eve ra l  h o u r s  s h o w i n g  
a s t r i k i n g  w h i t e  p a t t e r n  (Fig. 1) a r o u n d  t h e  p e r i p r o c t  a n d  
in t he  sp ine less  a r ea s  of t h e  i n t e r a m b u l a c r a  (i.e. in  t h o s e  
areas w h i c h  a t  o t h e r  t i m e s  m a y  a p p e a r  b lue) .  T h e  p a t t e r n  

i N. MILLOTT, Nature 170, 325 (1952). 
2 N. MILLOTT and F. W. JACOBSON, J. Invest. Dermat. 18, 91 

(195~). 

is t h e  r e s u l t  of r e f l ec t ion  f r o m  i r i d o p h o r e s  1 s i t u a t e d  in  
t h e  w h i t e  a reas ,  w h i c h  are  u n c o v e r e d  in  d a r k n e s s  owing  
to  t h e  c o n c e n t r a t i o n  of m e l a n i n  in t h e  s u r r o u n d i n g  ch ro -  
m a t o p h o r e s ,  b u t  as  t h e  m e l a n i n  s p r e a d s  o v e r  t h e  t o p  of 
t h e m  on  c o n t i n u e d  e x p o s u r e  to  l ight ,  t h e  l i g h t  r e f l ec ted  
b y  t h e  i r i d o p h o r e s  b e c o m e s  i n c r e a s i n g l y  d i s p e r s e d  a n d  
a b r i l l i a n t  b lue  co lour  resul t s .  T h e  w h i t e  p a t t e r n  is t h u s  
t h e  p r e c u r s o r  of t h e  blue .  

A t  f i r s t  t h e  b lue  a reas  f o r m  c o n t i n u o u s  lines,  b u t  as  
t h e  s p r e a d i n g  of t h e  m e l a n i n  c o n t i n u e s ,  t h e  l ines  dis-  
i n t e g r a t e  i n t o  i r r e g u l a r  spo t s  w h i c h  b~come s m a l l e r  a n d  
e v e n t u a l l y  d i s a p p e a r  as t h e  t e s t  a s s u m e s  a u n i f o r m  b l a c k  
colour .  T h e  b e g i n n i n g  of t h i s  p rocess  c an  be seen in Fig-  
ures  1 a n d  2. 

T h e  s u p p o s e d l y  c h a r a c t e r i s t i c  b lue  p a t t e r n  in D. antil- 
larum is t h u s  n o t  a c o n s t a n t  f ea tu re ,  for  i t  m a y  t a k e  t h e  
f o r m  of c o n t i n u o u s  l ines  or  i so l a t ed  spots ,  t h e  p e r i p r o c t  
r ing  m a y  be  p r e s e n t  or  a b s e n t  a n d  in  some  cases t h e  
p a t t e r n  m a y  n o t  a p p e a r  a t  all. I t s  e x t e n t  a n d  fo rm 
c l ea r ly  d e p e n d  on  t h e  degree  of d i spe r s ion  of m e l a n i n ,  
in  t u r n  d e p e n d e n t  on  e n v i r o n m e n t a l  l i g h t i n g  a n d  on  a n  
i n h e r e n t  r h y t h m L  T h e  p a t t e r n  also va r i e s  w i t h  age, for  
b o t h  r ed  a n d  b l a c k  p i g m e n t s  a c c u m u l a t e  a n d  m a y  
o b l i t e r a t e  p o r t i o n s  of  it .  

W h e n  d i spersed ,  t h e  m e l a n i n  h a s  a f u r t h e r  effect ,  for  
i t  ac t s  n o t  o n l y  as  a l i g h t  d i f f r a c t o r  b u t  also as a n  ab -  
so rbe r .  T h u s  a n  u r c h i n  a p p e a r i n g  u n i f o r m l y  b l a c k  in 
o r d i n a r y  d a y l i g h t  m a y  s h o w  t h e  b lue  p a t t e r n  w h e n  
t r a n s f e r r e d  to  b r i l l i a n t  s u n l i g h t ,  p r e s u m a b l y  b ecau s e  all  
t h e  l i g h t  is n o t  a b s o r b e d  b y  t h e  super f i c ia l  m e l a n i n ,  some  
of i t  p e n e t r a t i n g  t h r o u g h  to  b e c o m e  re f l ec t ed  b a c k  f rom 
t h e  i r i d o p h o r e s  a n d  f u r t h e r  d i spe r sed  b y  t h e  p i g m e n t .  
H e r e  a g a i n  t h e  e x t e n t  to  w h i c h  t h i s  occurs  d e p e n d s  on  
t h e  a m o u n t  of m e l a n i n  a n d  t h e  degree  to  w h i c h  i t  is 
sp read ,  b o t h  of w h i c h  are  c o n t i n u a l l y  v a r y i n g .  

I t  is t h e r e f o r e  n e c e s s a r y  to  be  c a u t i o u s  in  u s ing  t h e  
b lue  p a t t e r n  of D. antillarum as a specif ic  c h a r a c t e r ,  for  
w h a t e v e r  i t s  v a l u e  in  t h e  d iagnos i s  of o t h e r  species  of t h e  
genus ,  i t  is t o o  v a r i a b l e  in  t h e  W e s t  I n d i a n  species to  
p e r m i t  s imp le  d i s t i n c t i o n s  to  be  d r a w n ,  a n d  a n y  a t t e m p t  
to  use  i t  m u s t  t a k e  i n t o  c o n s i d e r a t i o n  n o t  on ly  i n d i v i d u a l  
v a r i a t i o n s ,  b u t  also age, e n v i r o n m e n t a l  l igh t ing ,  a n d  
r h y t h m i c  c h a n g e s  in t h e  d i spe r s ion  a n d  c o n c e n t r a t i o n  of 
m e l a n i n .  

N. MILLOTT 

Department o/Zoology, University College o/the West 
Indies, Jamaica, B.W.I . ,  November 27, 1952. 

Zusammen/assung 

Es  wi rd  a n g e n o m m e n ,  dass  de r  Seeigel Diadema 
antillarum s ich  y o n  i h m  n a h e s t e h e n d e n  A r t e n  in m e h r e -  
r en  M e r k m a l e n  e insch l iess l i ch  des  b l a u e n  F a r b m u s t e r s  
a u f  d e r  Scha le  u n t e r s c h e i d e t ,  we lches  die F o r m  v o n  
L i n i e n  (keine F lecken)  b e s i t z t  u n d  k e i n e n  R i n g  u m  d as  
A n a l f e l d  b i lde t .  D e r  m o r p h o l o g i s c h e  u n d  p h y s i o l o g i s ch e  
F a r b w e c h s e l ,  d e r  kf i rz l ich  e n t d e c k t  wurde ,  b e e i n f i u s s t  
diese b l a u e n  Z o n e n  u n d  m a c h t  diese b e s o n d e r e  U n t e r -  
s c h e i d u n g  u n h a l t b a r  in  i h r e r  u r s p r t i n g l i c h e n  F a s s u n g .  
Je~ler Ve r such ,  das  F a r b m u s t e r  als e in  spez i f i sches  Merk-  
m a l  zu v e r w e r t e n ,  m u s s  e ine  R e i h e  y o n  E i g e n s c h a f t e n  
m i t  in  R e c h n u n g  s te l len ,  wie Al te r ,  B e l e u c h t u n g  d e r  
U m g e b u n g  u n d  r h y t h m i s c h e  V e r ~ . n d e r u n g e n  d e r  Me- 
l a n o p h o r e n  se lber .  

x N. MILLOTT, Nature (in press). 
z N. MILLOTT, Nature 170, 325 (1952). 


