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P r e l i m i n a r y  Note on the O c c u r r e n c e  o f  a Biological  Compound Showing Fluorescence 
C h a r a c t e r i s t i c s  S i m i l a r  to that of  N A D H  

I n  t he  course of e x p e r i m e n t s  on  t he  r e l a t i onsh ip  
b e t w e e n  amino  acids a n d  ene rgy  m e t a b o l i s m  in n e r v e  
t issues,  we h a v e  u n d e r t a k e n  a s t u d y  of t he  effect  of 
va r ious  amino  acids on  t he  r edox  s t a t e  of t h e  cel lular  
py r id ine  nucleot ides ,  us ing  a mic ro f luo r ime te r  s imi la r  
to  t h a t  cons t ruc t ed  b y  J 6 B s l s  et  al. L P r e l i m i n a r y  resu l t s  
showed a s t r i k ing  increase  in s ignal  emiss ion  u p o n  addi -  
t i on  of p y r i d o x a l  p h o s p h a t e  (P-5-P) to  a n  i n c u b a t i n g  
sal ine a l r eady  s u p p l e m e n t e d  w i t h  a n  amino  acid. F u r t h e r  
s tud ies  of t h a t  p h e n o m e n o n  ind ica t e  t h a t  t h e  f luorescence 
s ignal  resu l t s  f rom a r eac t ion  occur r ing  be t w een  P - 5 - P  
and  t he  a m i n o  acid in t he  absence  of a n y  biological  ma -  
ter ia l .  Th i s  p r e l i m i n a r y  r e p o r t  deals  w i t h  some proper t i e s  
of t he  f luorescen t  m a t e r i a l  fo rmed  f rom P- 5-P a n d  g l u t a m i c  
acid. 

The  F igu re  shows b o t h  e x c i t a t i o n  a n d  f luorescence 
spec t r a  of P-5-P ,  N A D H  a n d  of a m i x t u r e  of P -5 -P  a n d  
g l u t a m a t e  in  Tfgs buf fe r  p H  7.4. P -5 -P  ha s  f luorescence 
cha rac te r i s t i c s  s imi la r  to  those  of t he  o the r  c o m p o u n d s  of 
t h e  v i t a m i n  B-6 group L As pyr idox ine ,  p y r i d o x a m i n e  or 
pyr idoxa l ,  i t  indeed  p re sen t s  a f luorescence m a x i m u m  
in t he  400 n m  region for a n  exc i t a t i on  m a x i m u m  a r o u n d  
330 nm.  A d d i t i o n  of g l u t a m a t e  to  P - 5 - P  induces  a sh i f t  
in  b o t h  exc i t a t i on  a n d  f luorescence m a x i m a  w h i c h  
become  respec t ive ly  370 a n d  468 nm.  These  va lues  are  
close to those  r epo r t ed  for NADHS,  4 (see Figure) .  Th i s  
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A) Uncorrected excitation and emission spectra of pyridoxal phos- 
phate, 3 [xg/Inl ( - - - )  ; NADH, 1.6 • 10 -6 M (--) and of a mixture of 
pyridoxal phosphate, 3 Fg/ml and glutamate, 3.75 mM (-- �9 Atl 
the solutions are made up in Tris buffer 20 mM pH 7.4. The mixture 
pyridoxal-phosphate-glutamate is kept for 45 min in darkness before 
running the spectra. B) Time evolution of the fluorescence emission 
of the mixture pyridoxaI-phosphate-glutamate. The results are 
expressed as % of the emission of a quinine sulfate solution at 0.5 
Ixg/ml in H2SO 4 0.1 N. The fluorimeter used is a Zeiss spectro- 
fluorimeter equipped with 2 monochromators and a xenon are 
lamp Osram XBO 450 W/P. 

f luorescence emiss ion  is p r o b a b l y  due  to  the  Schiff -base  
wh ich  is k n o w n  to  t o r m  f rom p y r i d o x a l  or  py r idoxa l  
p h o s p h a t e  artd a n  amino  acid 5, 6. I n  t he  course of spect ro-  
p h o t o m e t r i c  s tudies ,  FASELL~ e t  al. 7 i nd i ca t ed  t he  
f luorescence of such  Schiff-bases.  These  au thors ,  however ,  
d id  no t  s t u d y  t h e  f luorescence cha rac te r i s t i c s  of these  
compounds .  On t he  o t h e r  h a n d ,  i t  is k n o w n  t h a t  t he  
f o r m a t i o n  of t h e  Sch i f f -base  is e n h a n c e d  in  t h e  presence  
of va r ious  m e t a l  ions  such  as Ni  2+, Cu 2+ or A18+, w i t h  
wh ich  i t  can  .form co -o rd ina ted  complexes6,  8. The  
i m p o r t a n t  increase  in f luorescence s ignal  we observe  
w h e n  a d d i n g  A1C13 to  a m i x t u r e  of P -5 -P  a n d  a n  a m i n o  
acid can  t h u s  be  i n t e r p r e t e d  as r e su l t i ng  f rom the  fo rma-  
t i o n  of a Schif f -base  chela te .  I n  a ce t a t e  buf fe r  20 m M  a t  
p H  5.0, a d d i t i o n  of A1C13 10 .4 M to  a r eac t i on  m e d i u m  
c o n t a i n i n g  P - 5 - P  (3 ag /ml)  a n d  an  excess g l u t a m a t e  
(3.75 m M )  indeed  increases  t he  f luorescence emiss ion  
f rom 4 0 %  to  67 .5% of t h e  emiss ion  of a s t a n d a r d  qu in ine  
su l fa te  so lu t ion  a t  0.5 ~g /ml  H~SO~ 0.1 N.  

These  p r e l i m i n a r y  resu l t s  i nd i ca t e  t h a t  c o m p o u n d s  of 
biological  i m p o r t a n c e  p r e s e n t  f luorescence cha rac te r i s t i c s  
close to  t h a t  of N A D H .  Moreover ,  t h e  Schiff -base  s ignal  
is obse rved  n o t  on ly  in Tris, ace t a t e  or p h o s p h a t e  buffer  
a t  va r ious  pH,  b u t  also in depro te in ized  t i s su la r  ex t r ac t s  
a t  p H  7.4. This  m a k e s  i t  l ike ly  t h a t  t he  Schif f -base  
f luorescence emiss ion  also occurs  in  i n t a c t  t i ssues  wtlen 
exc i t a t ed  a r o u n d  360 rim. W h e n  cons ider ing  t he  micro-  
f luor imet r ic  t echn ique ,  i t  seems imposs ib le  to  d i s c r im ina t e  
b e t w e e n  t he  Schif f -base  a n d  t h e  N A D H  fluorescence 
emiss ion  f rom i n t a c t  t i ssues  b y  use of v e r y  se lect ive  
fi l ters.  The  emiss ion  m a x i m a  of these  c o m p o u n d s  are  
indeed  v e r y  close, a n d  such  a p rocedu re  would con-  
s ide rab ly  decrease  t he  i n t e n s i t y  of t h e  s ignal  on  t h e  
' f luorescence '  pho tomul t i p l i e r .  The  r a t h e r  slow develop-  
m e n t  of t h e  f luorescence emiss ion  f rom the  Schiff -base  
(Figure  t3) c a n n o t  be  used e i t he r  to  d i s c r imina t e  be tween  
a change  in  s ignal  due  to  mod i f i ca t i on  of t he  py r id ine  
nuc leo t ides  r e d o x  s t a t e  or  t o  a v a r i a t i o n  in  Schif f -base  
concen t r a t i on .  Indeed ,  m a x i m u m  emiss ion  f rom t h e  
complex  is i m m e d i a t e l y  r eached  w h e n  a s p a r t a t e  amino-  
t ransferase ,  w h i c h  ca ta lyzes  in  biological  m a t e r i a l  t he  
t r a n s a m i n a t i o n  be tween  g l u t a m a t e  a n d  oxa loaee ta te ,  is 
added  to  t h e  m i x t u r e  of P - 5 - P  a n d  g l u t a m a t e .  Moreover  
t h i s  r e su l t  b r ings  f u r t h e r  ev idence  for  t h e  f o r m a t i o n  of a 
Schiff-base complex  as t he  f i rs t  s tep  no t  on ly  of chemica l  
t r a n s a m i n a t i o n  b u t  also of e n z y m e  ca tMyzed  t r a n s a m i n a -  
t ion .  
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I t  should  be po in ted  ou t  t h a t  in so-called physiological  
condi t ions  of p H  and concent ra t ion ,  the  N A D H  signal is 
m u c h  larger t h a n  t h a t  p roduced  by  the  Schiff-base.  
Indeed ,  N A D H  10 .5 21/I in Tris buffer  20 mlVI p H  7.4 
gives a f luorescence signal of 137% of t h a t  of t he  s t an d a rd  
quinine sulfate  solution, while the  emission of a mix tu re  
of P -5 -P  3 ~xg/ml and  g lu t ama te  3.75 m M  is only  19.5% 
of t he  emission of t he  reference solution.  Never theless ,  
no t  only  g lu t ama te  bu t  also the  o ther  amino  acids can 
pa r t i c ipa te  in t he  fo rmat ion  of Schiff-bases,  and  care 
should be t aken  in t he  i n t e rp r e t a t i on  of t he  resul ts  of 
expe r imen t s  which  are no t  inducing changes  in t issue 
f luorescence emission large enough to  be safely a t t r i b u t e d  
to  a modi f ica t ion  in the  redox  s ta te  of the  pyr id ine  
nucleot ides.  

In  the  course of our  exper iments ,  a good correla t ion 
be tween  the  emission in t ens i ty  a t  468 n m  and  the  con- 

cen t ra t ion  of P - 5 - P  in the  concen t ra t ion  range  be tween  
0.01 vg to 1 ~g/ml has  been  observed  in a reac t ion  m e d i u m  
h ea t ed  a t  50 ~ for 5 min  and  conta in ing  g lu t ama te  5 m M  
and  A1C1 a 2 m M  in ace ta te  buffer  20 m M  at  p H  5. This  
indica tes  the  poss ibi l i ty  of the  use of t he  f luorescence 
charac ter i s t ics  of t he  Schiff-base for t he  d e v e l o p m e n t  of a 
specific t echn ique  of de t e rmina t i on  of free pyr idoxa l  
p h o s p h a t e  concen t ra t ion  in biological mater ia l .  

Rdsumd. La base de Schiff form6e ~ pa r t i r  de pyr idoxa l -  
p h o s p h a t e  e t  d ' u n  acide amin@ pr6sente  une f luorescence 
don t  les caract6r is t iques  spectrMes sont  similaires ~ celles 
du N A D H .  Les possibili t6s @ventuelles de faire la dis t inc-  
t ion  ent re  le signal 6mis par  la base  de Schiff  e t  le N A D H  
au cours de t r a v a u x  r6alis@s avec les microfluorim@tres 
utilis@s pour  6tudier  les modif ica t ions  du niveau d ' oxydo-  
r6duct ion  des nucl@otides de la pyr id ine  sont  discut6es. 
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A Simple Technique for Demonstrating Heterochromatin in Nigella 

This is to  r epor t  a new techn ique  which  enabled  us to 
d o c u m e n t  the  presence  of he t e roch roma t in  in Nigella, a 
species in which  a lack of demons t r a t ab l e  he t e roch ro ma t i n  
was r epor ted  previously  :. The t echn ique  is a modif ica t ion  
of t he  cytological  procedures  used for the  d e m o n s t r a t i o n  
of h e t e r o c h r o m a t i n  in rye  chromosomes  2. 

Act ive ly  growing p r i m a r y  root  t ips  of Nigella damascena 
var  Miss. Jekyl ,  were p r e t r ea t ed  in m o n o b r o m o n a p h t a l e n e  
solut ion for 3 h a t  room t e m p e r a t u r e  and  f ixed in glacial 
acet ic  acid overn igh t  (22-24 h). Af ter  f ixat ion,  the  root  
t ips  were sof tened by  immers ing  in an enzyme  solut ion * 
for 1/~ h a t  room t empera tu r e .  The roo t  t i p s  were t h e n  
squashed.  The cover slips were  separa ted  f rom the  slides 
by  CO~ freezing, d e h y d r a t e d  in absolu te  e thanol  for 
30 min  and  dr ied by  b lowing air. The ch romosome  
prepara t ions ,  were  t h e n  immersed  in a f reshly  p r ep a red  
s a tu r a t ed  ba r i um  hyd rox ide  solut ion for 5 min  a t  room 
t empera tu re .  Af te r  t h rough  r ins ing in several  changes  of 

disti l led wa te r  and air drying,  the  slides were incuba ted  
in a 2X SSC solut ion 4 for 1 h a t  60~ washed  tho rough ly  
in dist i l led water ,  air dried, s ta ined in a Giemsa s ta in ing 
solut ion 5 for 2 min,  r insed and air dried. The s ta ined  slides 
were left  in Xylene  ove rn igh t  and  m o u n t e d  in Canada  
balsam. 

All the  chromosomes  of Nigella damascana var.  Miss. 
Jeky l  (5 pairs  me tacen t r i c  and  1 pai r  acrocentric)  
showed the  presence  of h e t e r o c h r o m a t i n  (C-bands) in the  
cent romer ic  area (Figure). A n o t h e r  charac ter i s t ic  fea ture  
of the  h e t e ro ch ro ma t i n :  ch romocen te r  fo rma t ion  in 
in t e rphase  nuclei, were  also seen. Their  n u m b e r  var ied  
f rom 3 to  5 per  nucleus (Figure). 

Zusammenfassung. Fes t s te l lung  yon  C-Banden  in 
Nigella damascena var.  Miss Jekyl  mi t t e l s  eines neuen  
zytologischen Verfahrens .  Es  waren  3-5 Chromozen t ren  
pro Nukleus  zu erkenllen. 
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Metaphase spread showing the centromeric localization of hetero- 
chromatin. Chromocenters are visible in the interphase nuclei. 
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3 The enzyme mixture is prepared by mixing equal parts of 5% 
peetinase and cellulase solutions to which 2-3 drops of 1N HC1 were 
added for each 5 ml of the mixture. 

4 The 2X-SSC solution is made with 0.887 g of NACI and 0.411 g 
of trisodium citrate in 100 ml of distilled water. 

5 The stock Giemsa solution is made by mixing 1 g Giemsa powder 
(Fisher) in 66 ml of glycerine and heating it for 2 h in a 60~ 
oven with frequent agitation. Then 66 ml of absolute methanol 
is added and this mixture is cooked for 2 days in 60 ~ oven with 
frequent agitation. The working staining solution is made by 
mixing 5 ml of stock Giemsa solution, 1.5 ml Macllvaine buffer 
(pH 7.0), 1.5 ml absolute methanol and 50 ml of distilled water. 
This staining mixture is filtered and used. 


