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Table I. Measured values of total extinction of standard C14-Dansyl - 
chloride samples on the mieroautoradiogram 

Amount of C14-Dansyl chloride (M) Total extinction 

3 • 10 -14 2,300 
6 • 10 -14 5,600 
9 • 10 -14 7,400 

15 • 10 -14 9,300 
18 • 10 -14 17,000 
21 • 10 -14 17,400 
24 • 10 -14 22,600 
27 • 10 -14 25,300 
30 • 10 -I4 24,000 
40 • 10 -14 40,000 

Tabelle II. Measured values and calculated amounts from the graph 
(Figure 2) of 7 amino acids in 60 nl of rat urine 

Amino acid Total extinction Amount of amino acid 
(M) 

1. Tryptophane 18,690 
2. Phenylalanine 10,668 
3. Histidine 3,540 

4. Leucine 7,350 
5; Valine 8,375 
6. Proline 14,433 
7. Hydroxyproline 27,900 

20 • 10 -14 
12,75 • 10 -14 
2.7 • 10 -14 

(5.4 • 10 -14) 
9.3 • 10 I4 

10.3 • 10 -14 
14.5 • 10 -14 
30.4 • 10 -I4 

When there is a complete binding of amino acids with C14-Dansyl 
chloride under these conditions, the molar ratio of amino acid to 
C14-Dansyl chloride is one to one. (In the case of Histidine this ratio 
is 1:2. Histidine binds 2 Dansyl-molecules). 

F igu re  1 shows  t h e  m e a s u r e d  in t ens i t i e s  of one spot .  
T h e  c o m p u t e r  ca lcu la tes  t h e  m e a n  i n t e n s i t y  of t he  t o t a l  
s po t  an d  t h e  to t a l  area.  The  m u l t i p l i c a t i o n  of t o t a l  a rea  
b y  m e a n  i n t e n s i t y  g ives  t h e  t o t a l  i n t e n s i t y  of t h e  spo t  
(cf. Tab l e  I). T h e  b a c k g r o u n d  a n d  e x t i n c t i o n  m a i n l y  
d e p e n d  on t h e  s e n s i t i v i t y  of t he  f i lm, t he  t i m e  of exposu re  

a n d  the  cond i t ions  of deve lop ing  a n d  f ixa t ion .  The  s a m e  
b a c k g r o u n d  va lue  is u sed  for all spo t s  on one au to rad io -  
g ram.  The  d i a m e t e r  of t he  spo t  shou ld  n o t  be more  
t h a n  1 cm.  Spots  w h i c h  are too close c a n n o t  be separa ted .  
W h e n  u s i n g  h ighe r  a m o u n t s  of r a d i o a c t i v i t y  u n d e r  
these  condi t ions ,  t h e  ca l ib ra t ion  c u rve  is no longer  l inear  
a n d  reaches  a m a x i m u m  po in t  of t o t a l  i n t e ns i t y .  

Results and discussion. Table  I g ives  t he  m e a s u r e d  d a t a  
for t o t a l  i n t e n s i t y  of severa l  C14-Dansyl-chloride s a mp le s  
w i t h  a k n o w n  c o n c e n t r a t i o n  w h i c h  h a v e  been  t r a n s f e r e d  
d i rec t ly  to  t he  p o l y a m i d e  l ayer  a n d  s u b s e q u e n t l y  au to -  
r ad iog raphed .  The re  is a l inear  cor re la t ion  be tween  to t a l  
i n t e n s i t y  a n d  c o n c e n t r a t i o n  (r = 0.9842, F igu re  2). Th i s  
good cor re la t ion  is proof  t h a t  t he  descr ibed  t e c h n i q u e  
c a n  be app l i ed  to v e r y  sma l l  a m o u n t s  of biological  mater ia l .  
W i t h  h ighe r  r ad ioac t iv i t i e s  th i s  l inear  r e l a t ionsh ip  would  
n o t  be f o u n d  a n y m o r e  a n d  the re fo re  a sho r t e r  exposu re  
of t he  f i lm wou ld  be necessary .  

A n  a u t o r a d i o g r a m  of C14-dansylated a m i n o  acids in 
60 nl of r a t  u r ine  was  done.  Single spo t s  r e p r e s e n t i n g  
ce r t a in  a m i n o  acids  were m e a s u r e d  w i t h  th i s  new t e c h n i q u e  
(Figures  3 a n d  4). 

Tab le  I I  gives t he  m e a s u r e d  t o t a l  i n t e n s i t y  a nd  t he  
ca lcu la ted  c o n c e n t r a t i o n  of 7 a m i n o  acids. I t  c a n  be seen 
t h a t  t hese  a m i n o  acids  h a v e  a c o n c e n t r a t i o n  in t he  r ange  
of 10 -14 molar .  

Zusammen/assung. Die besch r i ebene  Methode  s te l l t  eine 
K o m b i n a t i o n  der  M i k r o c h r o m a t o g r a p h i e  u n d  der  <~ Scan-  
n ing-Mikroskop-Photometr ie~> da r  u n d  e rm6g l i ch t  eine 
q u a n t i t a t i v e  B e s t i m m u n g  von  C14-markier ten D a nsy l -  
A m i n o s ~ u r e n  in b io log i schem Mate r ia l  im  Bereich  y o n  
10-14M. 
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Direct Measurement  of Interphase Shortening 
Meristematic Cells of Al l ium cepa L. 

There  are  a n u m b e r  of pape r s  dea l ing  w i t h  d i f fe ren t  
a spec t s  of t h e  effect  of k ine t i n  or k i n e t i n  p lus  indol  acet ic  
acid (IAA) on p l a n t  cells 1 4, b u t  in t h e  field of i ts  ac t ion  
on t he  d u r a t i o n  of t he  cell d iv i s ion  cycle the re  is some  
con fus ion  due  to severa l  c o n t r a d i c t o r y  repor ts .  

T h e  e x p e r i m e n t s  here  descr ibed  i n t e n d  to  show, b y  
u s ing  a s y n c h r o n o u s  b inuc l ea t e  cell p o p u l a t i o n  induced  
b y  caffe ine  in roo t  m e r i s t e m s ,  w h e t h e r  t he se  g r o w t h  
factors ,  a t  ce r t a in  concen t r a t i on ,  are able  to  s h o r t e n  t he  
d u r a t i o n  of t h e  cell d iv i s ion  cycle. 

T h e  m a t e r i a l  used  was  t h e  root  m e r i s t e m  of A llium 
cepa L. Th e  onion  b u lb s  were g rown  in the  da rk  a t  t he  
c o n s t a n t  t e m p e r a t u r e  of 15~  - 0.5~ in cy l indr ica l  
recep tac les  of 70 cm  ~ capac i ty ,  w i t h  t a p  w a t e r  wh ich  was  
r enewed  ev e ry  24 h a n d  ae r a t ed  c o n t i n u o u s l y  b y  b u b b l i n g  
in  10-20 c m  3 of a i r /min .  T h e  bu lbs  were so p laced t h a t  
on ly  t h e i r  bases  r e m a i n e d  s u b m e r g e d  in t he  water .  

Produced by Kinetin plus Indol Acetic Acid in 

The  roo t s  were f ixed in a 3:1 m i x t u r e  of e thano l -ace t i c  
acid a n d  t he  s p e c i m e n s  were p r e p a r e d  b y  s t a in ing  the  
roo t s  w i th  acet ic  orcein, accord ing  to  t he  t e c h n i q u e  of 
T j i o  a nd  LEVAN 5. 

Labelling with ca]/eine. The  roots ,  a t t a c h e d  to t he  
bulbs ,  were s u b m e r g e d  in 0.1% caffe ine  for 1 h. Th i s  d rug  
inh ib i t s  cy tok ines i s  in cells go ing  t h r o u g h  t he  t e lophase  
d u r i n g  t h i s  t i m e  a nd  p roduces  a b inuc l ea t e  popu l a t i on  
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wh ich  in i t i a t e s  t he  i n t e r p h a s e  (Figure a) a n d  goes t h r o u g h  
t he  whole  cell cycle s y n c h r o n o u s l y  ~. 

Treatments. The  so lu t ions  for t h e  va r ious  t r e a t m e n t s  
were o b t a i n e d  w i t h  t a p  water ,  a n d  t he  cu l tu re  cond i t ions  
a l r eady  descr ibed  were m a i n t a i n e d  t h r o u g h o u t  t he  per iod  
of t r e a t m e n t .  The  roots  were s u b m e r g e d  in t he  t r e a t m e n t  
so lu t ion  in  all  cases w i t h o u t  s e p a r a t i n g  t h e m  f rom t h e  
bu lbs  a t  t he  a c t u a l  m o m e n t  w h e n  t he  caffe ine l abe l l ing  
ended.  K i n e t i n  so lu t ions  a t  c o n c e n t r a t i o n s  of 1, 0.5 a n d  
0.1 p p m  a n d  k i n e t i n  a t  t h e  same  c o n c e n t r a t i o n s  p lus  
indole  ace t ic  ac id  a t  c o n c e n t r a t i o n s  of 0.1, 0.01 and  0.001 
ppm,  were  also tes ted .  

Of t he  12 t r e a t m e n t s  t e s t e d  (k ine t in  a lone  a n d  k i n e t i n  
p lus  IAA),  on ly  t he  0.5 p p m  c o n c e n t r a t i o n  of k i n e t i n  p lus  
0.001 p p m  of I A A  h a d  t h e  effect  of s h o r t e n i n g  t he  in te r -  
phase,  t h e  f i rs t  b i n u c l e a t e  cells be ing  obse rved  to r each  
t he  p r o p h a s e  (Figure b) be tween  t h e  18 th  a n d  19th  h 
a f t e r  t he  end  of t he  caffeine t r e a t m e n t  i n s t ead  of t h e  
22nd-23rd,  as ill t h e  case of all  con t ro l  bu lbs  7. The  fac t  
t h a t  k i n e t i n  b y  i tself  has  no  d e m o n s t r a b l e  effect  h a d  alre-  
ady  been  obse rved  b y  MILLER et  al. 8 

A n o t h e r  e x p e r i m e n t  was  car r ied  ou t  in  wh ich  bu lbs  
label led w i t h  caffeine, as in  the  fo rmer  case, were sub jec t -  

ed to  t h e  s h o r t e n e r  t r e a t m e n t  w i t h  a so lu t ion  Of k i n e t i n  
p lus  I A A  f rom t h e  23rd h a f t e r  t h e  end  of t h e  caffe ine 
t r e a t m e n t ,  a t  w h i c h  h o u r  t h e  f i r s t  b ip rophases  were 
obse rved  w i t h  a v iew to d i scover ing  t h e  m o m e n t  a t  wh ich  
t h e  f i rs t  b i t e lophases  appear .  T h e  resu l t s  showed a shor t en -  
ing of mitosis ,  s ince in t h e  con t ro l  bu lbs  t h e  b i t e lophase  
was  de tec ted  a t  t h e  28 th  h whi le  in  t h e  t r e a t e d  bu lbs  i t  
m a d e  i ts  a p p e a r a n c e  a t  t h e  25th.  

I n  i n t e r p r e t i n g  t h e  resu l t s  of h is  e x p e r i m e n t s  w i t h  
k i n e t i n  on t h e  cell d iv i s ion  cycle in  A llium cepa, GUTT- 
MAN 9 ind i r ec t ly  r eached  t h e  conclus ion  t h a t  t h i s  d r u g  
s h o r t e n e d  t h e  in t e rphase .  On t h e  o t h e r  h a n d ,  VAN'T 
HOF TM p o i n t ed  o u t  t h a t  k i n e t i n  plus  I A A  ' i m p a i r e d '  t h e  
e n t r y  of t h e  cells u p o n  t h e  S per iod  a n d  t h e i r  d e v e l o p m e n t  
in  t h e  course of t h i s  per iod,  a n d  t h a t  k i n e t i n  f u r t h e r  
increased  t h e  d u r a t i o n  of t h e  G 2 per iod  in Pisum roots .  
O t h e r  i nves t iga to r s  n,  12 h a v e  r eco rded  a l e n g t h e n i n g  of 
t h e  mi t o t i c  cycle in  Vicia [aba roots  t r e a t e d  w i t h  IAA. 

These  c o n t r a d i c t o r y  resu l t s  m a y  be  a t t r i b u t e d  t o  t h e  
d i f fe ren t  c o n c e n t r a t i o n s  used  of these  g r o w t h  factors ,  
s ince i t  is well  k n o w n  t h a t  one an d  t h e  s a m e  factor ,  a t  
d i f f e rn t  concen t r a t i ons ,  m a y  p roduce  oppos i te  effects. 

The  use of a p o p u l a t i o n  label led  as b inuc l ea t e  has  enabl -  
ed us to  d e m o n s t r a t e  t h e  s h o r t e n i n g  of t h e  i n t e r p h a s e  induc-  
ed b y  a so lu t ion  of 0.5 p p m  k i n e t i n  p lus  0.001 p p m  I A A  
a n d  to measu re  i t  d i rect ly ,  a n d  b y  the same  p rocedure  we 
h a v e  succeeded in de t ec t i ng  a s h o r t e n i n g  of mitos is  itself. 

Resumen. E1 uso de u n a  pob lac i6n  b i n u c l e a d a  sin- 
c r6nia  i nduc ida  por  cafeina  0.1% en el me r i s t emo  de la 
ra iz  de A llium cepa L., riGS h a  p e r m i t i d o  d e m o s t r a r  que  
u n a  soluci6n de k i n e t i n a  0.5 p p m  mas  s indol  ac6tico 
0.001 p p m  aco r t a  t a n t o  la in te r fase  como la  mitosis ,  y 
v a l o r a r  este a c o r t a m i e n t o  p o r  m e d i d a  directa .  
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Binucleate meristematie cells induced in a meristem of Allium cepa L. 
by treatment with caffeine at 0.1%. a) Binucleate cell in interphase; 
b) binucleate cell in prophase. 
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