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exogenous  source. This  c o m p o u n d  has  n e v e r  been  r e p o r t e d  
f rom a n  an imal ,  b u t  is k n o w n  f rom t h e  essen t i a l  oil of an  
iris ~6, a n d  as a m e t h y l a t i o n  p r o d u c t  of t he  base  hydro -  
lyza te  o b t a i n e d  f rom l ignin  ~7 

F ina l ly ,  i t  m u s t  be  n o t e d  t h a t  t he re  are o the r  less 
vo la t i l e  c0n lpounds  in all  of these  secret ions,  m a n y  of 
wh ich  h a v e  no t  been  charac te r i zed .  The  e x t r a c t  f rom 
A. niavius, for  example ,  shows as m a n y  as 33 compo-  
nen ts~S  in s h a r p  c o n t r a s t  to  t he  p h e r o m o n a l  ex t r ac t s  of 
the  species s tud ied  ear l ier  ~-4. W e  p l an  to pur sue  t h i s  
a n a l y t i c a l  work  fur ther ,  in the  hope  t h a t  the  obv ious ly  
complex  chemica l  l anguage  of these  species will e v e n t u a l l y  
b y  e luc ida ted  ~9. 

Zusammen/assung. E x t r a k t e  von  D uf t p i n s e l n  m g n n -  
l icher  a f r ikan i sche r  S c h m e t t e r l i n g e  der  G a t t u n g e n  Amau- 

ris und  Danaus w u r d e n  chemisch  ana lys ie r t .  Zwei 
S u b s t a n z e n  w u r d e n  isol ier t :  e in neues  a r o m a t i s c h e s  
K e t o n  ( 3 , 4 - d i m e t h o x y a c e t o p h e n o n )  u n d  ein schon  von  
a n d e r e n  D a n a i d e n  b e k a n n t e s  he te rozyk l i sches  Ke ton .  
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Lobster Molting Hormones: Isolation and Biosynthesis of Ecdysterone 

Crus tacea  in genera l  have d i s t i nc t  m o l t i n g  g lands  (Y 
organs)  c o m p a r a b l e  to  those  of insects.  However ,  in the  
Iobster .  Homarus americanus, no s t r u c t u r e  c o m p a r a b l e  to  
the  Y o rgan  or a n y  m o l t i n g  g land  has  been  d e m o n s t r a t e d  
to be  p r e s e n t L  W e  fel t  t h a t  t h i s  phys io logica l  di f ference 
be tween  lobs te rs  a n d  t he  o the r  m e m b e r s  of t h e i r  class 
m i g h t  also be  ref lec ted  in t h e  c h e m i s t r y  of t he  lobs te r  
m o l t i n g  ho rmone ,  b o t h  in i ts  s t r u c t u r e  and  b iosynthes i s .  

A l t h o u g h  ecdys t e rone  has  been  e x t r a c t e d  and  iden t i f i ed  
as t he  m o l t i n g  h o r m o n e  of m a n y  species of insects,  i t  has  
been  found  in on ly  a few selected crus tacea .  E c d y s t e r o n e  
has  been  i so la ted  in low concen t r a t i ons  f rom the  m a r i n e  
crayf ish ,  Jasus lalandei 2, a n d  t h e  female  m a r i n e  crab,  
Callinecles sapidus a. The  ecdysone  c o n c e n t r a t i o n  was 
r epor ted  to be  m u c h  h igher  in p o s t - m o l t  c rabs  t h a n  in 
p r e m o l t  (see Table) .  

I n  insects  the  b i o s y n t h e t i c  precursors  of ecdys te rone  are 
choles terol  a n d  ~.-ecdysone. However ,  v e r y  l i t t l e  work  has  
been  accompl i shed  on ecdys te rone  b iosyn thes i s  ill 
c rus tacea .  KIN~ and SlDDALL 4 h a v e  shown that t h e  
sh r imp ,  Crangon nigricauda, and  t he  crab,  Uca pugilator, 
conve r t  e -ecdysone  to ecdys te rone  v e r y  ef f ic ient ly  d u r i n g  
p r e m o l t  a n d  m o l t i n g  periods.  The  u p t a k e  and  t u r n o v e r  of 
~4C choles tero l  in  Y organs  of t h e  crab,  Hemigrapsus 
nudus, were s tud ied  as a f unc t i on  of m o t t  cycle b y  
SPAZlANI and  KATER 5. Labe led  de r iva t i ve s  of choles terol  
were found  to  c o - c h r o m a t o g r a p h  w i t h  ecdysone  s t anda rds ,  
b u t  t h e  d e r i v a t i v e  c o n c e n t r a t i o n s  were too low for 
a d d i t i o n a l  ana lyses  a n d  t h e i r  i d e n t i t y  as ecdysolleS was 
specula t ive .  

W e  r e p o r t  here  t he  i so la t ion  of a lobs te r  m o l t i n g  hor-  
mone,  ecdysterone ,  and  t he  f i rs t  de f in i t ive  s t u d y  of t he  
u p t a k e  and  b i o s y n t h e t i c  convers ion  of choles terol  to  
ecdys te rone  in crus tacea .  

P r e m o l t  female  lobs ters  were col lected a t  Woods  Hole,  
M a s s a c h u s e t t s  a n d  k e p t  in sea  w a t e r  a q u a r i a  un t i l  mol t -  
ing occurred.  T h e i r  sample  we igh t s  r anged  f rom 475-525 g. 
10 f resh ly  mo l t ed  females  were g round  up  in a b l ende r  in 
me thano l ,  Soxh le t  ex t rac ted ,  and  f i l tered.  The  re su l t ing  
so lu t ion  was e x t r a c t e d  w i t h  h e x a n e  to  r e m o v e  t he  m a j o r i t y  
of lipids. Three  c o u n t e r - c u r r e n t  d i s t r i b u t i o n s  were t h e n  
pe r fo rmed :  b u t a n o l / w a t e r  (1 :1) ;  c h l o r o f o r m / m e t h a n o l /  
wa te r  (1 : 1 : 1); and  c h l o r o f o r m / e t h a n o l / w a t e r  (1 : 1 : 1) 
followed b y  r epea t ed  l iquid  c h r o m a t o g r a p h y  on  d e a c t i v a t -  
ed (20% water)  silicic acid w i t h  c h l o r o f o r m / e t h a n o l  (5 : 1) 
as e luent .  S t a n d a r d i z a t i o n  of the  co lumns  for ecdysone  
sepa ra t ions  was accompl i shed  b y  h i g h  pressure  l iqu id  

c h r o m a t o g r a p h y  us ing  two 2' • 3 /8"  Porage l  P N  columns% 
Si ly la t ion  of t he  ecdysone  c o n t a i n i n g  f rac t ions  w i t h  
t r imethy l s i ly l in f idazo le  (TMSIM) was followed b y  gas 
c h r o m a t o g r a p h y  on a 2% SE-30 on  Gas Chrom Q, 6" glass 
co lumn  a t  280~ co lumn  t e m p e r a t u r e L  The  a d d i t i o n  of 
a l iquo ts  of more  T M S I M  at  15 rain  in t e rva l s  whi le  h e a t i n g  
a t  80~ fol lowed b y  gas c h r o m a t o g r a p h i c  analysis ,  
revea led  the  t r a n s f o r m a t i o n  of the  p e n t a - T M S  d e r i v a t i v e  
of ecdys te rone  to the  h e x a - T M S  der iva t ive .  B y  t he  use of 
gas c h r o m a t o g r a p h y  less t h a n  50 ng  of ecdys te rone  can  be 
detec ted .  F ina l  s t r u c t u r e  proof  was accompl i shed  b y  inass  
spec t romet ryS ,  9. W'e are able  to  isola te  55% of the  m o l t i n g  
h o r m o n e  b y  this procedure  as d e t e r m i n e d  f rom eedys te rone  
sp iked  samples .  The  ave rage  q u a n t i t y  of ecdys t e rone  
found  was 3 ~g per  f resh ly  mo l t ed  500 g female  lobster .  

The  p rocedure  and  resul t s  of t he  b i o s y n t h e t i c  s tud ies  
are as follows. The  blood s inus  of a p r e m o l t  female  lobs te r  
(512 g) was in jec ted  w i t h  10 ~C of [4-14C~ choles terol  in 
0.3 ml  of p e a n u t  oil ~~ Af te r  16 h, t he  a n i m a l  was sacrif iced 
and  t he  b lood (46 nil) w i t h d r a w n .  The  muscle  and  v iscera  
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Quantities of ecdysones in various animals from natural waters 

EXPERIENTIA 30[7 

Whole animal Stage Weight extracted (kg)  Ecdysone Ecdysone concentration (mg/kg) 

Hoyr~f~ts a~4gV$CaJr 14 

Jasus lalandei ~ 

Callinectes sapidus ~ 

Postmolt 5 
Intermolt 1,000 
Intermolt 3,000 
Premolt 'Green' 25 
Premolt 'Peeler' 25 

Postmolt 'Soft Shell' 25 

Mytilus edulis ~5 _ 
Carcinus maenas 15 Interlnolt -- 
Crangon vulgaris 16 Intermolt 3,000 

Ecdysterone 0.006 
Ecdysterone 0.002 
2-Deoxyerust-eedysone 0.00007 
Inokosterone 0.005 
Inokosterone 0.020 
Ecdysterone 0.004 
Ecdysterone 0.280 
Makisterone A 0.024 
N.I.~ 
N.I. 
N.I. 

Not identified. 

were separa ted  f rom the  shell and ex t rac ted  3 t imes  wi th  
n -bu tano l  in a blender.  The combined  bu tano l  ex t rac t s  
were concen t ra t ed  at  55 ~ under  vacuum,  yielding a red 
oil, The la t te r  was t aken  up in e thy l  ace ta te  and  ex t r ac t ed  
3 t imes  wi th  water .  The wa te r  ex t rac t s  were backwashed  
3 t imes  wi th  e t h y l  ace ta te  and concen t ra ted  to dryness  
under  an N 2 s t ream.  The residue of the  aqueous ex t rac t  
was s t i r red f irs t  w i th  cold pe t ro leum ether,  t hen  wi th  cold 
acetone.  The acetone ex t rac t  was f i l tered and evapora ted  
to dryness,  

Thin  layer  c h r o m a t o g r a p h y  (TLC) of a small  por t ion  of 
th is  mater ia l  on silica gel w i th  ch lo ro fo rm/methano l /  
acetone (6:2:1)  as e luent  gave 3 rad ioac t ive  spots ;  one of 
which  cor responded exac t ly  w i t h  the  r e t en t ion  t ime  of an 
ecdys te rone  s tandard .  This  ! rac t ion  was subsequen t ly  
isolated by  p repa ra t ive  TLC to give the  crude ecdysterone.  
S t ruc tura l  ident i f ica t ion  was comple ted  by  adding  1 mg 
of ecdys terone  s t anda rd  to  the  crude ecdys te rone  mix tu re  
and ace ty la t ing  wi th  acetic acid - pyr id ine  at  room 
t e m p e r a t u r e  for 2 h 1~. Radio  TLC of the  resul t ing mix tu re  
d e m o n s t r a t e d  t h a t  it  con ta ined  4 rad ioac t ive  p roduc t s  
which co -ch romatographed  wi th  t he  4 p roduc t s  p roduced  
on ace ty la t ion  of au then t i c  ecdysterone.  These resul ts  
were fu r ther  verif ied by  scint i l la t ion count ing  of t he  
act ive f ract ions  on the  TLC plate.  

Recen t ly  it has  been repor ted  t h a t  in jec t ion  of ecdy- 
s terone into b o t h  normal  and des ta lked  in t e rmol t  lobsters  
induced precocious mol t ing  ~. This work suppor t s  our 
results  t h a t  ecdysterone,  by  itself, or in combina t ion  wi th  
o ther  ecdysones,  is p lay ing  a major  role in the  mol t ing  
process of the  lobster.  

In jec t ion  of ecdys te rone  into o ther  a r th ropods  such as 
horseshoe crabs, barnacles,  scorpions,  and spiders also 
in i t ia tes  molting~3. These results  and those  of the  extrac-  
t ion  and  ident i f ica t ion  of ecdys te rone  f rom b o t h  insects9 
and  crus taceans  (Table), s t r eng then  the  hypo thes i s  t h a t  
ecdys te rone  is a general  a r th ropod  mol t ing  hormone  ~. 

Rdsumd. L'ecdys tgrone ,  ho rmone  de mue  des insectes, 
a 6t6 ex t ra i te  de homards  femelles (Homarus americanus) 

v e n a n t  de muer.  Sa concen t ra t ion  moyenne  est  de 6~zg/kg 
de h o m a r d  v ivant .  L ' ass imi la t ion  de cholest6rol (4-~4C) 
par  des h o mard s  femelles a v a n t  la mue  et  la b iosynthgse  
d ' ecdys t6 rone  g pa r t i r  de ce pr6curseur  est  d6montr6e.  
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Adapt ive  Metabo l i c  Var ia t ion  of C h r o m o s o m e  F o r m s  in Mole  Rats ,  Spalax 
Speciat ion t h rough  chromosomal  r ea r r angemen t  is 

widespread  in animals  1, ye t  t he  significance of chromo-  
some var ia t ion  is stil l  largely specula t ive  and needs 
fu r ther  elucidat ion.  MAYR ~ suggested t h a t  i t  m a y  act  

b o t h  as an isolat ing mechan i sm and a p ro tec t ion  for 
favourable  supergenes,  as ini t ial ly po in t ed  out  by  
WALLACX a. Ev idence  suggest ing associat ion be tween  
ka ryo typ ic  var ia t ion  and  ecophysiological  adapta t ion(s)  


