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der auf Grund g~Lnzlich andersart iger Versuche zu der 
gleichen Annahme kam. Hiermi t  in Einklang stehen 
auch Messungen an Seeigeleiern yon LINDAHL und 
HOLTER 1, die eine starke Verminderung der O~-Auf- 
nahme fanden, wenn die Oozyten in die Reifetei lung 
eingehen, also in der Phase, die bei Sabellaria gegen 
KCN und Monojodessigsliure unempfindlich ist. Eben-  
falls nicht  in Widerspruch zu obiger Ansicht sind die yon 
ZEUTHEN ~ genau gemessenen Rhy thmen  in der O2-Auf- 
nahme wAhrend einzelner Furchungsschri t te .  Wie aus 
seinen neuen Untersuchungen hervorgeht,  f~illt die starke 
Atmung  in die Interphase,  w~ihrend bei den eigentlichen 
Mitosephasen eine starke Redukt ion der O2-Aufnahme 
erfolgt. 

Die hier gemachte Annahme scheint auf den ersten 
Blick den Befunden zu widersprechen, dass Teilungen 
unter  anaeroben Bedingungen nicht ablaufen k6nnen 
und dass durch Steigerung der Atmung,  zum Beispiel bei 
,4ctinophrys sol 3, die Meiose verfr i iht  ausgeliSst werden 
kann. Auch die Blockierung der Furchungsmitosen yon 
Sabellaria und anderen Objekten ~ durch KCN demon- 
striert  die Bedeutung der Atmung  fiir den E in t r i t t  der 
Zelle in die Mitose. N immt  man jedoch an, dass die 
Bedeutung dieser aeroben Glyhose /itr die Zellteilung in der 
Bildung energiereicher Phosphorverbindungen liegt, yon 
deren Anwesenheit  der Mitoseeintr i t t  abh~ingig ist, so 
hebt  sich der Widerspruch auf. Die Annahme liegt nahe, 
dass sehr viele der gegens~tzlichen Befunde auf ver- 
schiedenen Ausgangssi tuat ionen im Energiehaushal t  
der Zellen beruhen:  Zellen mi t  ether grossen Menge ge- 
speicherten ~ p h  werden eine oder mehrere Mitosen 
unter  anaeroben Bedingungen ausfiihren kOnnen, w~ih- 
rend anderseits Zellen ohne wesentliche Mengen an 

ph diese erst synthetisieren miissen, um i iberhaupt  in 
die Teilung eintreten zu kOnnen. Diese Synthesen sind 
offenbar yon der Atmungsket tenphosphoryl ierung ab- 
h~ngig. Ihre H emmung  wird einen Mitosestopp herbei- 
fiihren, ihre FOrderung eine schnelle Bildung yon ~-~ ph 
und hierdurch den friihzeitigen Mitoseeintrit t .  

In diesem Zusammenhang sind von besonderem In- 
teresse Versuche yon H-Ii~MMERLING ~ an Acetabularia 
reed.: die Transplanta t ion eines Hutes  auf junge Zellen 
und Kerne 15st verfr i iht  eine Vielzahl yon Kerntei lungen 
aus. Ebenso k6nnen sogenannte Sekund~irkerne, die sich 
normalerweise nicht mehr  teilen wiirden, hierdurch zu 
zahlreichen Teilungen gebracht  werden. Es wiire denk- 
bar, dass diese Teilungen dadurch zustande kommen, 
dass den Kernen durch das Transplanta t  energiereiche 
Phosphate  (vielleicht Metaphospbate) zugefiihrt wer- 
den, die in jiingeren Stadien in nicht ausreichenden 
Mengen zur Verftigung stehen oder /fir Wachstums-  
prozesse in der Zelle verwendet  werden (STICHe). ES soll 
versucht  werden, unter  diesem Gesichtspunkt  diese 
Frage experimentel l  zu priifen, um hierdurch einen wei- 
teren Einbl ick in die eine Mitose auslOsenden Faktoren  
zu erlangen. H. STICH 

Max-Planck- Ins t i tu t  liar Meeresbiologie, WilheIms- 
haven, den 23. November 1953. 

Summary  
T h e  metabolic processes leading to meiosis in Sabel- 

laria spinulosa were invest igated with cytochemical  

1 ]~. LINDAHL und H.HOLTER, C.r. Labor. Carlsberg 24, 49 (1941). 
2 E. ZEUTHEN, Pubbl. Staz. Zool. Napoli 23, 47 (1951). 
a j .  STRAUB, Biol. Zbl. 70, 24 (1951). 
40 .  WARBURO, Z. physiol. Chem. 66, 305 (1910). 
5 j .  Hk[MMERLING, Biol. Zbl. a9, 158 (I939) ; Int. Rev. Cytology 2, 

475 (1953). 
a H. STXCH, Z. Naturforschg. 8b, 36 (1953). 

methods (PAS-reaction for polysaccharides, and basic 
dyes in combinat ion with ribonuclease applied for the 
detection of ribonucleic acid) and the use of specific 
inhibitors. Before the beginning of meiotic prophase, poly- 
saccharides and later ribonucleic acid appear  in the 
nuclear sap and become incorporated into the spindle. 
2,4-dinitrophenol and NaN 3, which inhibi t  the forma- 
tion of energy-rich phosphates, p reven t  the accumula- 
t ion of polysaccharides and R N A  in the nucleus and the 
formation of the meiotic spindle. KCN and mono-iodo- 
acetic acid are without influence on polysaccharide and 
R N A  metabolism of the nucleus. The first and second 
meiotic division are normal, but  cleavage is completely  
suppressed. From these results the following conclusions 
may  be drawn: (1) the division of the nucleus is depend- 
ant  on the presence of energy-rich phosphate,  (2) the 
division occurs without respiration, and (3) respirat ion 
is impor tan t  for cell division only in so far as it  provides 
the synthesis of energy-rich phosphates. 

A Bi l iverdin- l ike  P i g m e n t  in the Skul l  and  
Vertebrae of the Ocean Skipjack,  Katsuwonus 

pelamis (Linnaeus) 1 

The occurrence of blue-green pigments in the skeleton 
of teleosts such as Cottus, Belone, Zoarces, Strongylura 
and others, has been reported by several workers ~. The 
pigments have not been identified, although their  simi- 
lari ty to bile pigments has been demonstrated.  CAGLAR a 
believes tha t  the skeletal pigment of Belone is biliverdin. 

On rare occasions, the catches of skipjack in waters 
of Baja  California include individuals whose endo- 
skeletons, especially the skull and vertebrae, are strik- 
ingly green or blue-green. Such an individual was sent 
for our examinat ion through the courtesy of the Van 
Camp Sea Food Company and M. B. SCHAEFER Of the 
In terna t ional  Tropical Tuna Commission. Four  years 
earlier, one of us (D.L.F.) had studied the p igment  from 
the bony parts of a similarly coloured individual  of the 
same species, made available through the kindness of 
HARRY C. GODSIL, of the California State Fisheries 
Laboratory.  

Since the properties of such a pigment  occurring in 
the Katsuwonidae have not been described, we have 
taken the oppor tuni ty  of examining them. Unfor tunate ly ,  
both of the specimens which became available had been 
cooked, so tha t  we cannot describe the dis t r ibut ion of 
the pigment  except  in the axial skeleton which was of a 
pea-green color. 

In the vertebral  column, it  appeared especiMly 
abundant  in the centra, neural arches and in the base 
of the haemal arches. Less appeared in the neural  spines, 
and none in the notochord. In the skull, i t  appeared in 
both dermal and cartilage bones, being especially 
conspicuous in the prefrontals, pre-maxillae,  maxillae,  
dentaries, median ethmoid, supra-orbitals,  vomers,  
exoccipitals, articulars, quadrates and in the otic series. 
I t  was conspicuous in parts of the parietals,  hyomand-  
ibulars, the opercular series, the branchial  arches and 
in the sclerotic of the eye. Less was present  in the 

1 Contribution from the Scripps Institution of Oceanography, 
New Series No. 677. 

M. CAGLAR, Nature 155, 670 (1945). - D. L. ]Fox, Animal Bio- 
chromes and Structural Colours (Cambridge University Press, 1953), 
p. 279. - H. WILLSrAEDr, Enzymologia 9, 260 (1941) (Chem. Abstr. 
36, 842). 

a M. CAOLAR, Nature 155, 670 (1945). 
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f rontals ,  l achrymals  and pa ra spheno id ;  l i t t le  was 
p resen t  in the  supra-occip i ta l .  

F r o m  the  ver tebrae ,  s t r ipped  of adher ing  flesh, washed  
in wa te r  and  c o m m i n u t e d  in a blender ,  the  p igmen t  
was leached wi th  m e t h a n o l  con t a in ing  concen t r a t ed  
hydroch lor ic  acid (9:1 by  volume) .  The  b lue-green 
p i g m en t  was read i ly  e x t r a c t e d  f rom this  so lu t ion  by  
mode ra t e  d i lu t ion  while ag i t a t i ng  wi th  chloroform.  
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Fig. i.-Comparative light absorption of the endosketetal pigment 
dissolved in acid methanol and in chloroform. The absorption of the 
oxidized zinc complex dissoh'ed in ammoniacal ethanol is also shown 
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proper t ies  of such solut ions,  in t he  range  580-660 m#, 
cor respond  v e r y  closely wi th  those  exh ib i t ed  by  b i l i rubin  
when  oxid ized  and sub jec t ed  to  the  same  t r e a t m e n t  
(Fig. 2). Ind ica t ions  are thus  conf i rmed  t h a t  the  skele ta l  
p igmen t  of I 4 a t s u w o n u s  is closely s imi lar  to  b i l iverdin .  

T w o  reac t ions  of the  p i g m e n t  deserve  ment ion .  Fi rs t ,  
despi te  the  foregoing,  i t  cons i s t en t ly  fai led to  show a 
pyrro le  reac t ion  when  roas ted ,  since the  fumes fai led to  
redden  a pine sp l in te r  mo i s t ened  wi th  concen t r a t ed  HCI. 
In  v iew of this,  the  t es t  was r epea ted  on skatole ,  h a e m -  
a t in  and bi l i rubin.  T h o u g h  ska to le  gave  a m a r k e d  
pos i t ive  react ion,  h a e m a t i n  and  b i l i rubin  fai led com- 
ple te ly .  The  n e g a t i v e  resul t  g iven  by  t h e  skele ta l  pig- 
m e n t  was perhaps ,  therefore ,  no t  surpris ing,  and  the  
tes t  appears  to  h a v e  l imi ted  appl ica t ion .  

The  acid  me thano l i c  solut ion showed no f luorescence 
in u l t r a -v io l e t  l ight ,  bu t  showed absorp t ion  peaks  a t  
680-690 m #  and  a t  370 m/~ and  a m i n i m u m  at  510 m/,  
(Fig. 1). The  ch loroform solut ion showed peaks  a t  660 
and 3 8 0 m p  and a m i n i m u m  at  480 m/a (Fig. 1). The  ab- 
so rp t ion  spec t r a  t hus  resemble  v e r y  closely those  of bili- 
verdin ,  a b i ta t r iene  t e t r apy r ro l e  (see Table ,  showing  d a t a  
f rom LEMBERG and  LEGGE 1, TIXIER 2 and this  paper) .  

Suppor t i ng  these  ind ica t ions  is the  fact  t h a t  the  
ske le ta l  p igment ,  d i sso lved  in chloroform,  or  in the  form 
of a d ry  fi lm, showed  a clear  pos i t ive  reac t ion  to the  
GMELIN tes t  using fuming  n i t r ic  acid. In  ch lo ro fo rm the  
h igh ly  cha rac te r i s t i c  red,  v io le t  and blue cotours ap-  
pea red  in the  so lvent ,  b u t  t r e a t m e n t  of the  d ry  f i lm on 
a porce la in  dish y ie lded  on ly  the  red colour.  

The  ske le ta l  p igmen t  d issolved in a m m o n i a c a l  
e thanol ,  to  which  zinc ace ta t e  and a few drops of iodine 
were t h e n  added ,  fo rmed  a cha rac t e r i s t i c  b lue-green 
solut ion showing  an in tense  red  f luorescence  in u l t ra -  
v io le t  l igh t  and m a r k e d  abso rp t ion  in the  orange  to red 
region of t he  s p e c t r u m  (see Fig,  2). Such a reac t ion  is 
charac te r i s t i c  of b i la t r ienes  sub jec ted  to s imi lar  t r ea t -  
m e n t  (LEMBERG and  LEGGE1). 

The  abso rp t ion  s p e c t r u m  of the  zinc c o m p l e x  of  t he  
oxid ized  p i g m e n t  in a m m o n i a c a l  e thano l  showed  m a x i m a  
a t  590 and  640 m/~, agree ing  wi th  those  g iven  by T]XIER ~ 
for the  zinc complex  of an oxid ized  b i l iverd in  m e t h y l  es ter  
in neut ra l  a lcohol ic  so lu t ion .  Moreover ,  the  absorp t ion  

1 R. LEMBERG and J. W. LEGGE, Haematin Compounds and Bile 
Pigments (Interscienee Publishers, New York, 1949), pp. 116-117. 

2 R. TIX1ER, Ann. Inst. Oceanogr. 32 (Fasc. 5), 344 (1945). 
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Fig. 2.-The light absorption of the oxidized zinc complex derived 
from the endoskeletal pigment, compared with that of solutions of 
the similar complex derived from bilirubin. All solutions were in 
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Second,  t h e  ske l e t a l  p i g m e n t  was  f o u n d  to  r e a c t  w i t h  
b e n z i d i n e  a n d  h y d r o g e n  perox ide ,  p r o d u c i n g  a p e a - g r e e n  
co lou r  (cf. WlLLSTAEDT~). T h e  r e a c t i o n  was feeble  a n d  
was  s h o w n  b y  so lu t i ons  of t h e  p i g m e n t  in  w a t e r  as well  
as t h o s e  in e t h a n o l .  In  v iew of th is ,  a n d  of t he  fac t  t h a t  
s u c h  a r e a c t i o n  is c h a r a c t e r i s t i c  of t e t r a p y r r o l e s  w i t h  
a c losed  r ing,  i t  wou ld  a p p e a r  t h a t  t h e  r e a c t i o n  is n o t  
d u e  t o  t h e  m a i n  m a s s  of p i g m e n t ,  b u t  to  a c c o m p a n y i n g  
t r a c e s  of  t h e  p o r p h y r i n  t y p e .  

T h e  ske l e t a l  p i g m e n t  t h u s  shows  t h e  c h a r a c t e r i s t i c s  
of a n  o p e n  c h a i n  t e t r a p y r r o l e  of the  b i l a t r i e n e  type ,  
r e s e m b l i n g  b i l i ve rd in .  N o t h i n g  is k n o w n  of i t s  m e t a -  
bo l i sm.  

D. L. F o x  a n d  N. MILLOTT 2 

Division o[ Marine Biochemistry, Scripps Institution 
o] Oceanography, University o[ Cali]ornia, La Jolla, 
Calif., November 9, t953. 

Zusammen[assung 

I m  S k e l e t t  yon  Katsuwonus pelamis k o m m t  v e r e i n z e l t  
e in  b l a u g r i i n e s  P i g m e n t  vor ,  dessen  V e r t e i l u n g  im 
E n d o s k e l e t t  b e s c h r i e b e n  wird.  Das  P i g m e n t  k a n n  m i t  
s a u r e m  M e t h a n o l  e x t r a h i e r t  u n d  in C h l o r o f o r m  i iber-  
ge f i i h r t  we rden .  Die  s au re  M e t h a n o l t 6 s u n g  des  P i g m e n t s  
ze ig t  A b s o r p t i o n s m a x i m a  be i  6 8 0 - 6 9 0  u n d  370 m/z, die 
C h l o r o f o r m l 6 s u n g  bei  660 u n d  380 m/z. Sowohl  t r o c k e n e  
F i l m e  des P i g m e n t s  als a u c h  die C h l o r o f o r m l 6 s u n g  
g e b e n  e ine  pos i t i ve  G m e l i n s c h e  R e a k t i o n ,  u n d  de r  
o x y d i e r t e ,  in  a m m o n i a k a l i s c h e m  ~ . t hano l  ge l6s te  Z ink -  
k o m p l e x  des P i g m e n t s  ze ig t  i m  u l t r a v i o l e t t e n  L i c h t  e ine  
i n t e n s i v e  ro t e  F t u o r e s z e n s  u n d  A b s o r p t i o n s m a x i m a  bei  
590 u n d  640 m/z. Das  P i g m e n t  b e s i t z t  s o m i t  die E i g e n -  
s c h a f t e n  e ines  B i l i t r i e n t e t r a p y r r o l  u n d  ~ihnelt wei t -  
g e h e n d  d e m  Bi l i ve rd in .  

1 H. WILLSTAEDT, Enzymologia 9, 260 (1941) (Chem. Abstr. 36, 
S42). 

Guggenheim Research Fellow from University College of the 
West Indies, Jamaica. 

a d a p t e d  ch icks  or  to  ch i cks  d a r k - a d a p t e d  for  4 h,  
i n j e c t e d  u n d e r  a f a i n t  r ed  l i g h t  a n d  k e p t  in  t h e  d a r k  
u n t i l  d e a t h .  

t 

Fig. 1.-Retina of control chick; gallocyanin-chronmlunl stain. 
Fig. ~.-Chiek retina 2 h after iodoacetate injection. Pycnosis in the 
ganglionar and inner and outer granular lay~,rs; gallocyanin-ehrom- 

alum stain. 
Fig. 3.-~4 h after iodoaeetate injection. Period acid-Sehiff hematoxy- 

lin stain. Glycogen still present in accessory cones (arrow). 
Fig. 4.-Four days after iodoacetate injection. Profound disorganiza- 
tion particularly of the granular layers. Rods and cones no longer 
distinguishable. Migration and conglomeration of pigment cells. 

Periodic acid-Schiff, hematoxylin. 
Fig. 5.-Six days after iodoacetate administration. Only the pigment 
cell layer is recognisabte. Other layers have been substituted by a 

proliferation of "fibroblast like" cells. 

Effects of Iodoacetate  
on the H i s t o l o g y  of the Chick Ret ina  

I n  t h e  d e s t r u c t i v e  ef fec ts  of s o d i u m  m o n o i o d o a c e t a t e  
r e p o r t e d  on  t h e  r e t i n a  of t h e  r a b b i t  x, e a t  a n d  m o n k e y  ~, 
i t  h a s  b e e n  p o i n t e d  o u t  t h a t  t h e  v i s u a l  cells a re  p r i m a r i l y  
a f fec ted .  So fa r  few r e p o r t s  h a v e  b e e n  p u b l i s h e d  o n  t h e  
e a r l y  ef fec ts  (less t h a n  24 h) a f t e r  i n j e c t i o n s  of  t he  d rug .  

T h e  p r e s e n t  p a p e r  is i n t e n d e d  to  p r o v i d e  d a t a  on  t h e  
s t r i k i n g  s e n s i t i v i t y  of t h e  ch i ck  (Gallus gallus domesticus, 
L.) r e t i n a  to  i o d o a c e t a t e ,  l e ad ing  to  ea r ly  ce l lu lar  les ions  
in all  ceil layers .  

Male  ch icks  (Leghorn ) ,  w e i g h i n g  200 -400  g were  used,  
T h e  a n i m a l s  r ece ived  t h e  fo l lowing  d i e t :  c o r n m e a l ,  
4 5 % ;  ro l l ed  oa t s ,  1 9 % ;  m e a t  mea l ,  1 4 % ;  case in ,  1 5 % ;  
yeas t ,  2 % ; p e a n u t s ,  3 % ; cod  l iver  oil, 1 %  ; a n d  com-  
merc i a l  s o d i u m  chlor ide ,  1%,  bes ides  co rn  a n d  w a t e r  
ad libit~tm. S o d i u m  m o n o i o d o a c e t a t e  (40 m g / k g  b o d y  
weigh t )  was  a d m i n i s t e r e d  i n t r a v e n o u s l y  a t  d a y  l ight .  
Con t ro l  a n i m a l s  were  i n j e c t e d  w i t h  d i s t i l l ed  wa te r .  A 
p r e l i m i n a r y  e x p e r i m e n t  s h o w e d  n o  d i f fe rence  in  t h e  
les ions  16 h a f t e r  d r u g  a d m i n i s t r a t i o n  to  e i t h e r  l igh t -  

1 G. SCHUBERT und H. BORN$CHE1N, Exper. 7, 461 (1951). - W. 
K. NO~LL, J. Cell. Comp. Physiol. 40, 25 (195~). - P. KARLI, Arch. 
Anat., Histol. Embryol. 35, 1 (1952). 

2 W. K. NOELL, J, Cell. Comp. Physiol. 40, 25 (1952). 

Af t e r  d e c a p i t a t i o n ,  t h e  pos t e r io r  poles of t h e  eyes  were  
f ixed in H~:LL~"S or  in chi l led  Gt';NDRE'S t i xa t ive .  P a r a f f i n  
s ec t ions  (4 a n d  7 micra )  were s t a i n e d  by  one of t h e  fol low- 
ing  m e t h o d s :  p h o s p h o t u n g s t i c  acid h e m a t o x y l i n ;  
g a l l o c y a n i n - c h r o m a l u m ;  per iod ic  ac id -Sch i f f  w i t h  h e m -  
a t o x y l i n  c o u n t e r - s t a i n i n g ,  w i t h  a n d  w i t h o u t  p r e l i m i n a r y  
d i g e s t i o n  w i t h  sa l iva .  T h r e e  to s ix a n i m a l s  were  sac r i -  
f iced a f t e r  e a c h  of t h e  fo l lowing pe r iods  of i n j e c t i o n :  
1, 2, 4, 6, 8, 10 ,1 l ,  12, a n d  24 h, a n d  2, 4, 6, a n d  7 days .  
F i f t e e n  c o n t r o l s  were s tud ied .  

Results. Of a t o t a l  of 59 i o d o a c e t a t e  i n j e c t e d  ch icks ,  
n o  d i f fe rence  f rom t h e  con t ro l  r e t i n a s  (Fig. 1) was  f o u n d  
in  t w o  of t h e m  (one in t h e  12 a n d  t h e  o t h e r  in  t h e  24 h 
g roup) .  Les ions  s h o w e d  m a r k e d  v a r i a t i o n s  in  i n t e n s i t y  
w h e n  d i f f e r en t  p a r t s  of t h e  s a m e  r e t i n a  were  c o m p a r e d .  
No spec ia l  care,  however ,  was  t a k e n  to  n o t e  t h e i r  dis-  
t r i b u t i o n .  Th i s  m a y  ex p l a i n  t h e  f ac t  t h a t  no  s t r i c t  
c o r r e l a t i o n  could  be  found  b e t w e e n  t h e  i n t e n s i t y  of t h e  
les ions  a n d  t h e  per iods  a f t e r  i o d o a c e t a t e  a d m i n i s t r a t i o n .  
I n  a b o u t  a/~ths of t h e  t r e a t e d  a n i m a l s ,  a d i s t i n c t  p i g m e n t  
m i g r a t i o n  was  f o u n d  to  t h e  p l a n e  of t h e  e x t e r n a l  
l i m i t i n g  m e m b r a n e .  8 h a f t e r  i n j e c t i o n ,  c o n g l o m e r a t i o n  
of t h e  p i g m e n t  was  o b s e r v e d .  F o l d i n g  of  t h e  r e t i na ,  
r e d u c t i o n  in i ts  t h i c k n e s s  a n d  of i t s  i n n e r  g r a n u l a r  l aye r  
(Figs.  2, 3) were also f o u n d  in a b o u t  a~ths of t h e  t r e a t e d  
an ima l s .  P y c n o s i s  of t h e  cells of t h e  g a n g l i o n a r  l aye r  was  
seen 30 m i n  a f t e r  t h e  i n j e c t i o n  of t h e  d rug ,  i n c r e a s i n g  


