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Quant i ta t ive  
P h o t o m e t r y  ~ 

1 - D i - m e t h y l - A m i n o - N a p h t h a l e n e -  5- Sul fony] -ch]or ide  
(Dansyl-chlor ide)  reac t s  w i t h  t he  a m i n o  or h y d r o x y l  
g roups  of free a m i n o  acids ~, ~. T he  r e s u l t a n t  acid s t a b l e  
c o m p o u n d  is cal led a d a n s y l a t e d  amino  acid. Th i s  
c o m p o u n d  fluoresces,  and  t h i s  p r o p e r t y  is used to m easu re  
free a m i n o  acids in  t he  n a n o m o l e  r ange  ~. T he  d a n s y l a t e d  
a m i n o  acids are s epa ra t ed  b y  t h i n  l ayer  c h r o m a t o g r a p h y  
on  p o l y a m i d e  layers  (15 • 15 cm) a n d  ident i f ied  b y  t h e i r  
f luorescence a t  cha rac t e r i s t i c  pos i t ions  on t h e  c h r o m a t o -  
gram.  A f u r t h e r  increase  in s ens i t i v i t y  down  to  t he  pico- 
mole  r ange  can  be  ach ieved  b y  smal le r  po lyamide  layers  
(3 • 3 cm) ~. 

The  use of CX~-labelled Dansy l -ch lo r ide  allows a q u a n t i -  
t a t i v e  ana lys i s  of free a m i n o  acids on t he  same  scale. 

D e t e r m i n a t i o n  of A m i n o  Ac ids  in the  l0  -1~ M o l a r  R a n g e  by  S c a n n i n ~  M i c r o s c o p e  

Afte r  i den t i f i ca t ion  of t he  f luorescen t  d a n s y l a t e d  a m i n o  
acids on  t h e  p01yamide  l aye r  (3 •  cm) t he  spots  are  
t r a n s f e r e d  i n to  v ia ls  for m e a s u r i n g  t h e i r  r a d i o a c t i v i t y  in  
a l iqu id  sc in t i l l a t ion  counter~,  ~. The  s ens i t i v i t y  of t h i s  
m e t h o d  is l im i t ed  b y  t he  f luorescence of t he  dansyla~ed 
a m i n o  acids. I f  t he  f luorescence becomes  so smal l  t h a t  
t h e  spot  c a n n o t  be  de t ec t ed  a n y m o r e  a f te r  microchro-  
m a t o g r a p h y ,  t h e  m a x i m a l  s ens i t i v i t y  of t h i s  m e t h o d  
is reached .  

I n  o rde r  to  measure  t o t a l  a m o u n t s  of a m i n o  acids lower 
t h a n  t h e  p icomole  r ange  t h e  m e t h o d  ha s  been  f u r t h e r  
modi f ied  b y  p u t t i n g  t he  p o l y a m i d e  l aye r  w i t h  t he  C ~-  
labe l led  a m i n o  acids on  a p h o t o g r a p h i c  p la te .  Af te r  micro-  
a u t o r a d i o g r a p h y  t he  dens i t y  of t he  spots  on  t he  f i lm was 
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Fig. 1. Single spot extinction values of an autoradiogram (number of single values n = 2000). For example 86 means an extinction of 
0.86 and 0.03 means 1.03 (For definition of extinction see manual of CYTOSCAN, Carl Zeiss, Oberkocben, W-Germany). The total extinc- 
tion of this spot is 208736. The magnification Of the section is • 3. 
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m e a s u r e d  b y  scann ing  microscope  p h o t o m e t r y .  W i t h  th i s  
m e t h o d  a m i n o  acids could be  d e t e r m i n e d  q u a n t i t a t i v e l y  
in t he  r ange  of 10 -14 moles.  

Methods. D a n s y l a t i o n  a n d  m i c r o c h r o m a t o g r a p h y :  A 
60 nl  r a t  u r ine  sample  is t r ans fe r ed  w i t h  a t h i n  cap i l l a ry  
u n d e r  a Zeiss s tereo microscope  in to  a 2 ~1 cap i l la ry  t u b e  
(i.d. 0.28 mm,  l e n g t h  32 m m ,  D r u m m o n d  microcap)  
sealed a t  t he  b o t t o m .  Af te r  add ing  60 nl  of 0.2 mo la r  
N a H C O  3 a n d  120 nl  C14-Dansyl-chloride in ace tone  (2 mg/  
ml  ; 8.3 mCi /m M ;  CEA, Saclay,  Gi f - sur -Yvet te ,  France)  
t h e  t o p  of t he  mic rocap  is sealed w i t h  a smal l  f lame. 
Mix ing  of t he  sample  is done  b y  cen t r i fug ing  t he  so lu t ion  
in a low speed t a b l e  cen t r i fuge  3 t imes  f rom one end  to  t h e  
o t h e r  end  of t he  closed microcap .  Af ter  i n c u b a t i o n  for 1 h 
a t  37 ~ in t he  d a r k  t he  s ample  is t r a n s f e r e d  w i t h  a t h i n  
cap i l l a ry  to  one corner  of a 3 • 3 cm p o l y a m i d e  layer  
(Schleicher  a n d  Schuell ,  E inbeck ,  W - G e r m a n y )  u n d e r  a 
s tereo  microscope.  Af te r  d r y i n g  t h e  layer  w i t h  a ha i r  
dryer ,  c h r o m a t o g r a p h y  is s t a r t e d  in 3 % formic  acid in t h e  
f i rs t  d imens ion .  Af te r  drying,  c h r o m a t o g r a p h y  in t h e  
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Fig. 2. The graph shows the regression line between the amount of 
C14-Dansyl-ehloride from 1 to 40 • 10 -1. M on the abscissa and the 
total extinction of the spot on the autoradiogram, on the ordinate. 

second d imens ion  is done  in benzene :  glacial  acet ic  acid 
(9:1, v /v) .  

E q u a l  a m o u n t s  of Cl~-Dansyl-chlor ide  s t a n d a r d  solu- 
t ions  d i lu ted  1:100, 1:1000, an d  1:10,000 are t r ans fe r ed  
q u a n t i t a t i v e l y  on to  t h e  c h r o m a t o g r a m  for a ca l i b r a t i on  
curve.  

Microautoradiography: High  sens i t ive  r a d i a t i o n  dosage 
m e t e r  f i lms (Agfa Gevaer t ,  Leverkusen ,  W - G e r m a n y )  are 
used  for m i c r o a u t o r a d i o g r a p h y .  Th i s  f i lm is la id  on t h e  
r ad ioac t ive  c h r o m a t o g r a m  a n d  f ixed w i t h  2 slides on  
b o t h  sides. T h e  f i lm is exposed  for 108 h a t  r oom t e m p e r -  
a tu re ,  processed for 3 m i n  w i t h  G e v a e r t  developer ,  r insed 
w i t h  water ,  p u t  in  f i xa t ive  for 3 m i n  a n d  d ryed  b y  air.  

Scann ing  microscope  p h o t o m e t r y :  The  single d a r k  
spo ts  on  t h e  a u t o r a d i o g r a m s  are  q u a n t i t a t i v e l y  m e a s u r e d  
b y  t h e  Zeiss s c a n n i n g  microscope  p h o t o m e t e r  7. I n  all 
spots  t h e  i n t e n s i t y  is d i s t r i b u t e d  inhomogenous ly .  There  
is m u c h  v a r i a b i l t y  in  size a n d  shape  of t h e  spots.  The  use 
of t h e  s cann ing  microscope  p h o t o m e t e r  al lows a n  accura te  
m e a s u r e m e n t  of t h e  a rea  a n d  in tens i ty .  T h e  spo ts  are 
scanned ,  t h e  in tens i t i e s  an d  areas  are m e a s u r e d  b y  ex t inc-  
t i on  f rom a n  i m a g e - c o n v e r t e r  an d  t h e  d a t a  are p u t  in to  a 
compute r .  Th i s  was done  w i t h  a magn i f i ca t ion  of 5 t imes,  
a wave  l e n g t h  of 546 nm,  a s tep size of 50 [xm an d  a 
m e a s u r e m e n t  d i a p h r a g m  of 0.5 mm.  
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7 We would like to  acknowledge the cooperation of Mr. HUB, Mr. 
WINTERSTEINER and Dr. ZIMMER, Fa. Zeiss, Oberkoehen, 
W-Germany. 

Fig. 3. Photograph of an original autoradiogram showing the C 14- 
labelled Dansyl-amino acids of a 60 nl rat urine sample. The starting 
point is in the left lower corner. The dark spot in the right middle 
of the autoradiogram is Dansyl-NH 2. The other less intensitive spots 
represent different Dansyl-amino acids. 
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Fig. 4. Copy of the autoradiogram of Figure 3. St, starting point; 
I, first dimension of chromatography (3% formic acid); II, second 
dimension of chromatography (90% benzene, 10% glacial acetic acid, 
v/v) 1, Tryptophane; 2, Phenylalanine; 3, Histidine; 4, Leucine; 5, 
Valine; 6, Proline; 7, Hydroxyproline. 
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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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