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P a r t i a l  M i t o t i c  I n d e x  a n d  P h a s e  I n d i c e s  

W h e n  a m e r i s t e m a t i c  t i ssue  is in  a s t a t e  of d y n a m i c  
equ i l i b r ium,  t h e  mi to t i c  i n d e x  (% of cells in  course  of 
d iv is ion)  is a ref lec t ion  of t h e  t i m e  t a k e n  for ce l l -d iv is ion 
in r e l a t i on  to  t he  d u r a t i o n  of t h e  i n t e r p h a s e  per iod.  

Never the less ,  t h e  use of t h e  m i t o t i c  i n d e x  is in  m o s t  
cases  a v e r y  l abor ious  process  f rom t he  p r ac t i c a l  p o i n t  of 
v iew o n  a c c o u n t  of t h e  h i g h  c o u n t s  invo lved ,  a n d  t h e  sig- 
n i f i cance  of t he  resu l t s  is d o u b t f u l  (MAZlAX). 

I n  o rde r  to  o b v i a t e  these  difficult ies,  we propose  to in-  
t r o d u c e  new indices,  such  as will he lp  us to  d i s t i ngu i sh  be-  
t w e e n  t h e  va r i ous  poss ib le  i n t e r p r e t a t i o n s  of  t he  mi to t i c  
i n d e x ;  name ly ,  t h e  p a r t i a l  m i t o t i c  index ,  a n d  t h e  p h a s e  
indices.  T h e  p a r t i a l  m i t o t i c  i n d e x  will be  g iven  b y  t he  
n u m b e r  of cells in  course  of d iv i s ion  as a p e r c e n t a g e  of al l  
t h e  m e r i s t e m a t i c  cells. T h e  phase  indices  express  t he  n u m -  
be r  of cells obse rved  in  each  p h a s e  pe r  h u n d r e d  m e r i s t e m a -  Phases 
t ic  cells in  course  of d ivis ion.  

Mater ia l s  and methods. T he  on ions  (A l l i um cepa) were Time 
c u l t i v a t e d  in t h e  d a r k  a t  25°C ± 0.5 ° in  cy l indr ica l  glass 
recep tac les  of 70 c m  a capac i ty ,  u s ing  o r d i n a r y  water ,  o h 
w h i c h  was  r enewed  e v e r y  24 h,  a e r a t e d  b y  pass ing  b u b b l e s  2 h 
t h o u g h  t h e m  w i t h  an  i n t e n s i t y  of 10-15 cm 3 of a i r  pe r  rain.  6 h 

T h e  p r e p a r a t i o n s  were  o b t a i n e d  b y  T j i o  and  LEVAN'S ~ 10 h 
16h 

s q u a s h  t echn ique ,  us ing  roo ts  2-3  c m  long. 18 h 
F o r  t h e  p a r t i a l  mi to t i c  i n d e x  two  read ings  were t aken ,  24 h 

u p  to  a t o t a l  of a t h o u s a n d  m e r i s t e m a t i c  cells, ha l f  for  48 h 
each  of t he  roo ts  used  in  each  bulb .  T h e  c r i t e r ion  used in 
d i s t i ngu i sh ing  m e r i s t e m a t i c  cells f rom those  wh ich  m i g h t  
h a v e  i n i t i a t ed  t h e  s tage  of d i f f e r en t i a t i on  was t h e  size of 
t h e  nuc leus ,  t hose  cells be ing  cons ide red  m e r i s t e m a t i c  
whose  d i a m e t e r  was  g r ea t e r  t h a n  one t h i r d  of t he  longes t  
cell axis.  A n  a rea  was a lways  selected for the  c o u n t  wh ich  
showed  good squash ing ,  a n d  wh ich  c o n t a i n e d  p rac t i ca l ly  Phases 
o n l y  m e r i s t e m a t i c  cells. Time 

T h e  p h a s e  indices  were  o b t a i n e d  b y  c o u n t i n g  200 mer i -  
s t e m a t i c  cells in  process  of d iv i s ion  in  each  of t h e  two  Oh 
roo t s  u n d e r  s t u d y  f rom each  bu lb ,  t h a t  is, a t o t a l  of 400 2 h 
divis ions .  6 h 

Resul ts  and  discussion.  T h e  resu l t s  o b t a i n e d  b y  t h i s  10 h 
m e t h o d  are  g iven  in Tab le s  I - I V .  16 h 

As m a y  be  deduced  f rom Tab le  I, t h e  m e a n  va lue  of t he  18 h 
p a r t i a l  m i to t i c  i n d e x  is 13%.  T he  obse rved  v a r i a b i l i t y  of 24 h 

2 %  is r e l a t i ve ly  sma l l  a n d  m a y  be cons idered  as be ing  48 h 
i n h e r e n t  in  t h e  m e t h o d ,  g iven  t h e  smal lness  of t h e  ac tua l  
coun t .  B e t w e e n  these  l imi t s  of 13 :k 2% we m a y  cons ider  
t h e  indices  o b t a i n e d  as no rma l .  I t  is i n t e r e s t i ng  to no te  
t h a t  w i t h  th i s  m e t h o d  no  waves  of cel l -divis ion were ob-  
s e rvab le  u n d e r  t h e  e x p e r i m e n t a l  cond i t i ons  concerned .  

F r o m  t h e  d a t a  o b t a i n e d  f rom Tab le s  I I ,  I I I ,  a n d  IV  we Phases 
deduce  t h a t  t h e  physio logica l  p r o p h a s e  i n d e x  is 47 -t- 4%,  Time 
t h e  m e t a p h a s e  i n d e x  13 ± 3%,  t h e  a n a p h a s e  i n d e x  9.5 
-4- 2%,  a n d  t h e  t e lophase  i n d e x  30 ± 7%,  t h e  g rea t e s t  
v a r i a b i l i t y  b e i n g  obse rved  in  t h e  t e lophase  index .  

Table I. Mitotic indices 

Time Bulb 1 Bulb 2 Bulb 3 

The  m e t h o d  used enab le s  us  to  o b t a i n  the  desi red in-  
dices quickly ,  a n d  w i t h  on ly  a smal l  m a r g i n  of error.  F o r  
t h e  r e ad ing  of al l  t h e  indices  pe r  h pe r  bulb ,  we h a v e  to 
c o u n t  1400 cells, w h i c h  t a k e s  a b o u t  40 rain.  

T h e  p a r t i a l  m i to t i c  index ,  l ike t he  mi to t i c  index ,  is 
p ropor t iona l ,  b u t  n o t  d i rec t ly ,  to  t he  r e l a t ive  d u r a t i o n  of 
the  mi to t i c  per iod  w i t h i n  t he  d iv i s ion  cycle. K n o w i n g  t h e  
mi to t i c  index  a n d  t h e  d u r a t i o n  of  mitosis ,  we c a n  ca lcu-  
l a t e  t h e  d u r a t i o n  of t h e  i n t e r p h a s e  pe r iod  (HUGHES 3, 
HOFFMAN 4, a n d  EDWARDS et  al.6). 

T h e  p h a s e  indices  h a v e  t he  a d v a n t a g e  of r e m a i n i n g  
d i rec t ly  p r o p o r t i o n a l  to  the  d u r a t i o n  of e ach  phase ,  s ince  

Table II. Phase indices - Bulb 1 

Prophase Metaphase Anaphase Telophase 

48,3  11,1 10,4 30 

51,7 13,8 10,4 23,6  
53 12,7 9,1 25,9 
47 18,7 13,3 20,3 
55,5 11,1 8,9 24 

Table I l l .  Phase indices - Bulb 2 

Prophase Metaphase Anaphase Telophase 

52,7 18 8,3 
48,8 15,6 11,3 
41 11,7 9,2 

42  12,5 10,5 
39 15,7 7,5 

24,9 
27,5 
38,2 

35 
37,7 

T a b l e  I V .  P h a s e  i n d i c e s  - B u l b  3 

Prophase Metaphase Anaphase Telophase 

0 h 41 12,5 11,5 35 
2 h 45 ,7  10,5 9 ,2  34,7 
6 h 43,7  13,5 9 ,5  33 

10 h 46,5  12,2 8 ,2  33 
16 h - - - 
18 h - - - 
24 h 48 ,2  10,2 7,7 33,7 
48 h 47,5  11,7 8 33 

0 h - 14 
2 h 15 11.5 
6 h - 14.9 

10 h - - 
16 h 11.1 
18 h 13.1 - 
24  h - 13.3 
48  h 12.1 10.9 

10.6 
11.2 
15.6 
13.2 a D. MAZrA, The Cell (Academic Press, 1961), vol. 3, p. 151. 
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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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the reaction rate vs. substrate concentration. 
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