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a p r o p h a s e  gives rise to  a m e t a p h a s e ,  a n d  so on. Thus ,  t he  
d u r a t i o n  of each  phase  can  be  ca lcu la ted  b y  m e a n s  of t h e  
a p p r o p r i a t e  i ndex  once t he  d u r a t i o n  of mi tos i s  is known.  

B y  t h e  c o m b i n e d  use of t h e  p a r t i a l  m i t o t i c  i n d e x  a n d  
t h e  phase  indices,  we are enab l ed  to  ca lcu la te  t h e  n a t u r a l  
or  induced  modi f i ca t ions  in  t h e  cel l -divis ion cycle w i t h  
less p r o b a b i l i t y  of error.  

l ' ana lyse  cy to log ique  q u a n t i t a t i v e  des mod i f i ca t ions  ap- 
p a r a i s s a n t  au  cours  du  cycle de d iv i s ion  cellulaire,  e t  sug- 
g~re une  m 6 t h o d e  rap ide  p o u r  ca lculer  t o u s l e s  indices 
men t ionn6s .  

J.  F. L61~Ez-SkEz a n d  E. FERNANDEz-G6MEZ 

Rdsumd. Cet ar t ic le  p ropose  l ' emplo i  de  l ' i ndex  mi to -  Seccidn de Citologla, Instituto de BioIogla Cehdar, 
t i que  par t ie l  e t  des  i n d e x  m i t o t i q u e s  des  p h a s e s  p o u r  Madrid (Spain), February 5, 7965. 

A R a d i o a s s a y  f o r  D o p a m i n e - / ~ - H y d r o x y l a s e  
A c t i v i t y  

Dopamine - f l -hyd roxy la se  is a mixed  func t i on  ox idase  
t h a t  ca ta lyzes  t h e  t e r m i n a l  s t ep  in n o r e p i n e p h r i n e  bio-  
syn thes i s ,  n a m e l y ,  t h e  conve r s ion  of d o p a m i n e  to  nor-  
ep ineph r ine  1. I n  a d d i t i o n  to  dopamine ,  o t h e r  p h e n y l -  
e t h y l a m i n e s  such  as t y r a m i n e ,  ep in ine ,  a m p h e t a m i n e ,  
e - m e t h y l  dopamine ,  e tc . " -a  can  also serve as s u b s t r a t e s  
for  t he  enzyme.  The  e n z y m a t i c  a c t i v i t y  of dopamine- f l -  
h y d r o x y l a s e  was d e t e r m i n e d  b y  m e a s u r i n g  f luoromet r i ca l -  
l y 5  t he  a m o u n t  of n o r e p i n e p h r i n e  fo rmed  f rom dopamine .  
Whi le  t h i s  is a r e l a t i ve ly  s imple  m e t h o d  for t he  d e t e r m i n a -  
t i on  of  t h e  e n z y m a t i c  d o p a m i n e - f l - h y d r o x y l a t i o n ,  t he re  
are  no  s imple  m e t h o d s  a v a i l a b l e  for t he  d e t e r m i n a t i o n  of  
the  f l -hyd roxy la t i on  of o t h e r  subs t r a t e s .  T he  speci f ic i ty  of 
t he  f luo romet r i c  m e t h o d  is also l imi t ed  s ince t h e  p resence  
of o t h e r  f luorescen t  c o m p o u n d s  in t he  a s say  m i x t u r e  m a y  
in te r fe re  w i t h  t he  d e t e r m i n a t i o n .  

I t  h a s  b e e n  s h o w n  t h a t  one  of t h e  t w o  benzy l ic  t r i t i u m s  
is los t  d u r i n g  t he  e n z y m a t i c  f l -hydroxy la t ion  of  d o p a m i n e -  
fl, fl-T ~. There fo re  i t  is conce ivab le  t h a t  t h e  r a t e  of t r i t i u m  
re leased as  wate r ,  accord ing  to  t he  fo l lowing r e a c t i o n  
sequence  : 

dopamine-fl-T + aseorbate + O 2 l~ norepinephrine 

+ TOH + dchydroascorbatc 

is d i r ec t ly  p r o p o r t i o n a l  to  the  r a t e  of f l -hydroxyla t ion .  T he  
r e c e n t  a v a i l a b i l i t y  of dopamine- f l -T  m a d e  i t  poss ible  to  
measu re  t he  release of T O H  d u r i n g  t he  e n z y m a t i c  fl- 
h y d r o x y l a t i o n .  T h e  t r i t i a t e d  w a t e r  w h i c h  is fo rmed  d u r i n g  
t he  e n z y m a t i c  f l -hyd roxy la t i on  can  be  s e p a r a t e d  b y  ion 
exchange  c h r o m a t o g r a p h y  f rom t h e  s u b s t r a t e  a n d  p r o d u c t  
a n d  sub j ec t ed  to  rad ioassay .  A s imi la r  p rocedu re  for  t he  
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 n d  t y ro s ine  h y d r o x y l a s e  ~ 
was r ecen t ly  descr ibed.  

The  e n z y m e  was  p r e p a r e d  f rom a d r e n a l  m edu l l a  1 a n d  
f u r t h e r  pur i f ied  b y  a p r e v i o u s l y  desc r ibed  p rocedu re  9. 
S t a n d a r d  r e a c t i o n  m i x t u r e s  con ta ined ,  pe r  t ube ,  dop-  
amine-fl-T,  100-200 mFc /Fmole  (dopamine-f l -T,  w i t h  a 
specific a c t i v i t y  of 137 m c / m M  was o b t a i n e d  f r o m  New 
E n g l a n d  Nuc l ea r  Corp. ,  Bos t on ,  Mass.).  T h e  r e a c t i o n  w as  
s t a r t e d  b y  a d d i t i o n  of enzyme ,  a n d  t h e  t u b e s  were  incu-  
b a t e d  a t  37°C for  15 to  45 rain.  T h e  i n c u b a t i o n  was  
s t opped  b y  a d d i t i o n  of 0.5 ml  glacia l  ace t ic  acid,  a n d  t h e  
p ro t e in s  were s e p a r a t e d  b y  cen t r i fuga t ion .  W i t h  h i g h l y  
pur i f ied  e n z y m e  p repa ra t ions ,  t h e  a m o u n t  of p r o t e i n  was  
so smal l  t h a t  i t  d id  n o t  requi re  r e m o v a l  before  t r a n s f e r  to  
t he  co lumn.  To c o u n t  t r i t i a t e d  water ,  t h e  r eac t i on  m i x t u r e  
was  passed t h r o u g h  a smal l  Dowex  50 × Na+ (0.3 × 4 cm) 
co lumn.  The  c o l u m n  was  w a s h e d  w i t h  w a t e r  to  m a k e  a n  

e f f luen t  vo lume  of 10 ml.  A n  a l iquo t  (0.5 ml) was  dissolved 
in a l iqu id  sc in t i l l a t ion  so lu t ion  wh ich  is su i t ab le  for 
c o u n t i n g  aqueous  samples  10. A r e a g e n t  b lank ,  in  w h i c h  all 
add i t i ons  were m a d e  e x c e p t  for  t h e  enzyme,  was  used to 
cor rec t  t he  resul ts .  

R a t e s  were o b t a i n e d  b y  as say ing  T O H  a t  d i f fe ren t  t ime  
in te rva l s .  The re  was  a p r o p o r t i o n a l  increase  of e n z y m a t i c  
a c t i v i t y  w i t h  t ime .  R e a c t i o n  r a t e s  were also i n v e s t i g a t e d  
as a f unc t i on  of e n z y m e  concen t r a t i on .  Ove r  t he  r ange  
tes ted ,  the  r eac t i on  was a l inear  f unc t i on  of e n z y m e  con- 
c en t r a t i on .  A typ ica l  p lo t  of t h e  r eac t i on  ve loc i ty  vs. sub- 
s t r a t e  c o n c e n t r a t i o n ,  a n d  a doub le  rec iproca l  p lo t  of the  
r eac t ion  ve loc i ty  vs. s u b s t r a t e  c o n c e n t r a t i o n  are shown  
in t he  Figure .  W i t h i n  a ce r t a in  range ,  t he  ve loc i ty  of the  
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Reaction rate (expressed in m/~c of TOH formed) vs. substrate con- 
eentration (expressed in #moles) and the double reciprocal plot of 

the reaction rate vs. substrate concentration. 
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r e a c t i o n  was  d i rec t ly  p r o p o r t i o n a l  to  t he  s u b s t r a t e  con-  
c e n t r a t i o n .  

I t  is e v i d e n t  f rom t h e  a b o v e  resul ts ,  t h a t  t he  de t r i t i a -  
t i o n  r a t e  of dopamine- f l -T  is d i r ec t ly  p r o p o r t i o n a l  to  t he  
dopamine - f l -hyd roxy la se  ac t iv i ty .  I t  shou ld  be  po i n t ed  
o u t  t h a t  t he  e n z y m a t i c  r e m o v a l  of t he  benzy l i c  t r i t i u m  is 
s tereospecif ic  and,  p r o v i d i n g  the re  is no  i so tope  effect, 
on ly  one mole  of T O H  is fo rmed  f rom 2 moles  of d o p a m i n e -  
fl-T. T h e  p r e s e n t l y  desc r ibed  a s say  is e v e n  more  sens i t ive  
for t h e  d e t e r m i n a t i o n  of dopamine - f l -hyd roxy la se  t h a n  
t he  p rev ious ly  app l ied  f luo romet r i c  p rocedure .  T he  sensi-  
t i v i t y  c an  be  increased  b y  t he  use of h i g h e r  specific 
labeled  dopamine .  Th i s  p rocedu re  can  also be  used to 
d e t e r m i n e  t he  r a t e  of f l -hydroxy la t ion  of o t h e r  d o p a m i n e -  
f l -hydroxylase  subs t r a t e s ,  p r o v i d e d  t h a t  these  s u b s t r a t e s  
are  t r i t i u m  labe led  in  t h e  fl-posit ion of t h e  side cha in .  
T h i s  r a d i o a s s a y  was  also app l ied  for  t he  d e t e r m i n a t i o n  of 
dopamine - f l -hyd roxy la se  a c t i v i t y  in  n e u r o b l a s t o m a  a n d  
p h e o c h r o m o c y t o m a  tum or s .  I n  two  p h e o c h r o m o c y t o m a  
tumor s ,  a n d  in t h r ee  ou t  of f ive n e u r o b l a s t o m a  t u m o r s ,  
dopamine - f l -hyd roxy la se  a c t i v i t y  was found  to  be  h igh .  
All t e s t e d  n e u r o b l a s t o m a  a n d  p h e o c h r o m o c y t o m a  t u m o r s  
also showed  h igh  ty ros ine  h y d r o x y l a s e  ac t iv i ty .  T h u s  i t  
was  d e m o n s t r a t e d  t h a t  t h e  e n z y m e s  w h i c h  ca t a lyze  t h e  
c a t e c h o l a m i n e  p r o d u c t i o n  a re  p r e s e n t  in  these  t u m o r s ,  

a n d  t h e i r  a c t i v i t y  m u s t  be  respons ib le  for  t he  over -  
p r o d u c t i o n  of t h e  c a t e c h o l a m i n e s  in  these  diseases.  A 
de ta i l ed  s t u d y  on  t he  d e t e r m i n a t i o n  of  dopamine- f l -  
h y d r o x y l a s e  a n d  ty ros ine  h y d r o x y l a s e  ac t iv i t i e s  in these  
t u m o r s  is in  progress  a n d  will be r e p o r t e d  e lsewhere  n .  

Zusammen/assung. Es wurde  eine I s o t o p e n m e t h o d e  zur  
B e s t i m m u n g  de r  D o p a m i n e - f l - h y d r o x y t a s e - A k t i v i t g t  be-  
schr ieben ,  die a u c h  zur  B e s t i m m u n g  de r  e n z y m a t i s c h e n  
f l -Hydroxy t i e rung  s g m t l i c h e r  S u b s t r a t e  dc r  ] )opamine- f l -  
h y d r o x y l a s e  v e r w e n d e t  werden  kann .  Die M e t h o d e  be-  
w'ahr te  sich ffir A k t i v i t ~ i t s b e s t i m m u n g e n  in Neuro-  
b l a s t o m a -  u n d  P h e o c h r o m o c y t o m a - T u m o r e n .  
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Isolation and Partial Characterization of the 
Moult -Inhibi t ing Hormone of the Crustacean 

Eyestalk 

The  ear l ies t  o b s e r v a t i o n s  of acce le ra ted  m o u l t i n g  a n d  
precocious  g r o w t h  in c r u s t a c e a n s  f rom wh ich  b o t h  eye- 
s t a l k s  h a d  been  a b l a t e d  were  m a d e  b y  ZELENY 1 a n d  
MEGUgAR 2. Th i s  ha s  b e e n  r e p e a t e d l y  obse rved  in severa l  
c r u s t a c e a n s  ~. I t  h a s  been  d e m o n s t r a t e d  t h a t  t he  mou l t -  
i n h i b i t i n g  h o r m o n e  is secre ted  b y  t he  neu rosec re to ry  cells 
of t he  m e d u l l a  t e r m i n a l i s  X - o r g a n  a n d  t r a n s p o r t e d  to t he  
s inus  g l and  where  i t  is re leased in to  t he  b lood  4. T he  m o u l t -  
i n h i b i t i n g  h o r m o n e  of t he  X - o r g a n  s inus  g land  com plex  
a p p e a r s  to  i n h i b i t  t h e  Y - o r gan  a n d  p r e v e n t  t he  release of 
t h e  m o u l t i n g  h o r m o n e  5& A l t h o u g h  a t t e m p t s  h a v e  b e e n  
m a d e  to  isola te  t he  m o u l t i n g  h o r m o n e  7, t he  i so la t ion  of  
m o u l t - i n h i b i t i n g  h o r m o n e  in c r u s t a c e a n s  h a s  n o t  been  
ach ieved .  

B i l a t e ra l  a b l a t i o n  of eyes ta lks  in  Ocypode macrocera 
resu l t s  in  precocious  g r o w t h  a n d  m o u l t i n g  s. I n  t h e  
p r e s e n t  s t u d y  spec imens  of Ocypode macrocera (23 to 25 m m  
c a r a p a c e  w i d t h )  col lected f rom t h e  V i s a k h a p a t n a m  b e a c h  
were used.  E y e s t a l k s  of t he  crab,  Ovypode macrocera, 
were  dissected,  t he  eyes t a lk  gang l i a  were  i so la ted  a n d  
d e h y d r a t e d  in  acetone.  E y e s t a l k  gangl ia  f rom 1000 
eyes t a lks  were dr ied  in t he  a b o v e  m a n n e r  a n d  t h i s  m a t e -  
r ia l  (10.35 g) was  used for t he  ex t r ac t ion .  

The  ace tone  dr ied  eyes t a lk  gangl ia  were hom ogen i zed  
success ive ly  w i t h  ace tone  (5.0 ml/g)  a n d  twice  w i t h  
ch lo roform.  T h e  m a t e r i a l  was  w a s h e d  in  ace tone  a n d  
d r i ed  a t  r o o m  t e m p e r a t u r e  (28°C) in  air .  T h e  c rude  eye-  
s t a l k  gangl ia  p o w d e r  was  s u s p e n d e d  in  9 0 %  p h e n o l  a n d  
s t i r r ed  for 2 h. F ive  vo lumes  of a so lu t ion  of acet ic  acid- 
ace tone  (1:4) a n d  0 . 0 0 5 M  NaC1 were a d d e d  a n d  the  mix-  
t u r e  was cooled a t  4 °C for 2 h.  T he  m i x t u r e  was  f i l tered 
a n d  a n  equa l  v o l u m e  of e t h e r  was a d d e d  to  t he  f i l t ra te .  

Af te r  a l lowing  the  m i x t u r e  to  s t a n d  o v e r n i g h t  in t he  cold, 
t he  p rec ip i t a t e  was  col lected on  a f i l te r  paper ,  washed  in 
ace tone  a n d  dr ied  in a v a c u u m  des iccator .  The  dr ied  ex- 
t r a c t  was  d isso lved  in 5.0 ml  of 80% ace t ic  acid,  15.0 ml  
of w a t e r  was  a d d e d  a n d  t he  i ne r t  m a t t e r  was  p r e c i p i t a t e d  
b y  a d d i n g  6 %  NaC1. To t he  f i l t ra te ,  TCA was a d d e d  to t h e  
c o n c e n t r a t i o n  of 2 .5% a n d  t h e  m i x t u r e  was  a l lowed to  
cool a t  4°C ff)r 2 h. T h e  p rec ip i t a t e  col lected b y  cen t r i f uga -  
t ion  was  washed  w i t h  2 .5% TCA a n d  dr ied  in a v a c u u m  
des iccator .  The  dr ied  m a t e r i a l  was  e x t r a c t e d  w i t h  abso-  
lu te  e t h a n o l  and  cen t r i fuged .  The  s u p e r n a t a n t  was  iso- 
l a t ed  a n d  a l lowed to e v a p o r a t e  a n d  t h e  res idue  a f t e r  
e v a p o r a t i o n  was  col lected a n d  weighed.  The  r e su l t i ng  
s u b s t a n c e  was a wh i t e  c rys ta l l ine  m a t e r i a l  we igh ing  
2.15 mg. 

T h e  i so la ted  s u b s t a n c e  was  t e s t ed  for  m o u l t - i n h i b i t i n g  
effect  in  t he  fol lowing m a n n e r .  B i l a t e r a l  a b l a t i o n  of eye- 
s ta lks  was p e r f o r m e d  in 32 spec imens  of Ocypode macrocera 
t h a t  were in Ca s tage  of t he  i n t e r m o u l t  cycle and  t he  c rabs  
were d iv ided  in to  th ree  groups.  G r o u p  A, cons i s t ing  of 10 
crabs ,  was  lef t  u n t r e a t e d .  G r o u p  B, cons i s t ing  of 12 crabs ,  
was  in j ec t ed  w i t h  a dose of 2 l ,g/0.05 ml  of t he  i so la ted  
s u b s t a n c e  in sea  w a t e r  on  t h e  6 th  d a y  a f t e r  eyes t a lk  
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