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aceta te ,  the  e ther  (IV) gave  dehydromunduse rone  (II, 
m.p, 209-210 °, I R  1634 am -1 (C = O) (Nujol), U V  ..,~a.1EtoH 
nm (log e); 231 (4,48), 277 (4.39), 302 (4.23). F o u n d :  C, 
67,06; H,  4.69. C10HI60~ requires :  C, 67.05; H,  4.75%) 
(lit. 3, m.p.  210°). 

The  convers ion of (II) in to  (:t:)-(I) has  a l r eady  been  
repor ted  I, this  paper ,  therefore,  comple tes  a new synthesis  
of (I), 

Zusammen]assung. Eine  einfache Synthese  yon  Dehy-  
d romunduse ron  aus 7, 2', 4', 5 ' -Te t r ame thoxy- i so f l avon  
wird beschrieben.  

K. FUKUI, M. NAKAYAMA and  T. HARANO 

Department of Chemistry, Faculty o[ Science, Hiroshirna 
University, Hiroshima (Japan), 13th March 7967. 

E n h a n c e m e n t  of  F l u o r e s c e n c e  E m i s s i o n  of  
A c r i d i n e  O r a n g e  b y  N u c l e o s i d e s  

Acridine  orange (AO) is one of t he  basic dyes exhib i t ing  
a typ ica l  b ind ing  to  polynucleot idesX-L W h e n  AO is 
bound  to  polynucleot ides ,  2 types  of complexes,  Complex  
I and Complex  I I ,  are formed,  depending  on the  concen- 
t r a t ion  rat io  of po lynucleo t ide  to  dye.  The  fo rmat ion  of 
Complex I a t  low concen t ra t ion  ra t io  of po lynuc leo t ide  
to  dye  brings abou t  a new absorp t ion  band  a t  the  shor ter  
wave- l eng th  region t h a n  the  absorp t ion  peak  of AO 
m o n o m e r  and  the  quench ing  of AO fluorescence. On the  
o ther  hand,  the  fo rmat ion  of Complex  I I  a t  h igh  concen-  
t r a t ion  ra t io  of po lynue leo t ide  to  dye  yields a red shif t  of 
absorpt ion  band  of AO and the  e n h a n c e m e n t  of AO 
fluorescence. The  former  complex  is considered to be 
formed by  the  m e t a c h r o m a t i c a l  b inding of AO to t he  
phospha tes  of po lynucleo t ide  and the  l a t t e r  by  the  in ter-  
ca la t ion of AO be tween  base pairs. 

The  p resen t  ar t ic le  deals  w i th  t he  absorp t ion  and  
f luorescence character is t ics  of AO in the  presence of  
var ious  nueleosides to f ind the  e l emen ta ry  in fo rmat ion  
abou t  the  in te rac t ion  be tween  AO and nucleic acid bases. 
I n  the  aqueous  solution, AO has a s t rong t endency  to 
form a non-f luorescent  d imer  in which the  t rans i t ion  
m o m en t s  of monomers  are paral le l  to each o ther  and 
perpendicu lar  to  the  d i rec t ion  of a line connec t ing  the i r  
centres  of gravityS,% Therefore ,  t he  absorp t ion  spec t rum 
of aqueous  AO solut ion general ly  consists of no t  only  
the  monomer  0--~ 0 absorp t ion  band (at 492 rim) bu t  
the  d imer  absorp t ion  band (at 464 nm), excep t  for in t he  
ex t r eme ly  low concentrat ions .  The  d imer  absorp t ion  band  
over laps  upon the  monomer  0 --~ 1 absorp t ion  band.  The  
absorp t ion  fea ture  is shown in F igure  1, curve  (a), where  
the  concen t ra t ion  and  t e m p e r a t u r e  are  respec t ive ly  
2,10-~M and 6 °C. 

On the  add i t ion  of high concent ra t ion  of adenosine,  
the  absorp t ion  spec t rum undergoes  p ronounced  changes,  
as shown in F igure  1, curve  (1). The  d imer  dissociates 
in to  monomers  and the  m o n o m e r  absorp t ion  band shifts 
to  longer  wave- leng ths  by  abou t  5rim. This  absorp t ion  
behav iour  is qu i te  s imilar  to  t h a t  of AO when  the  h igh  
concen t ra t ion  of D N A  is added  to the  aqueous  AO solu- 
tion. The  absorpt ion  spec t rum has a band m a x i m u m  at  
abou t  502 nm at  the  herr ing  sperm D N A  to AO ra t io  of 
100:1 (Complex II) ,  as shown in F igure  1, curve  (1'). 
Since the  f luorescence-exci ta t ion spec t rum coincides 
exac t ly  wi th  the  absorp t ion  spec t rum,  cu rve  (1') is known 
to  be a t t r i bu t ab l e  to  t he  AO m o n o m e r  complex ing  wi th  
DNA.  The  d imer  or iginal ly  present  dissociates comple te ly  
in to  monomers  by  the  addi t ion  of large excess of DNA.  
W h e n  AO solutions in the  absence and presence of adeno- 
sine or D N A  are warmed  up to 70°C, the  absorp t ion  
spec t rum changes to the  free m o n o m e r  band in all  cases. 
This  is shown in F igure  1, curves  (b), (2) and (2'). The  
broadness  of curve  (2") indicates  tha t ,  in the  case of 
Complex  I I ,  some f rac t ion of AO still  remains  bound  as 
Complex  I I  even  a t  this t empera tu re .  
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Fig. 1. Absorption and fluorescence 
spectra of acridine orange (AO) in the 
absence and presence of adenosine or 
DNA, Concentration of AO, 2'  10 -~ M; 
pH 7.0; (a), (b) and (c), absorption 
spectra at 6 ° and 70% and fluorescence 
spectrum at 6 °, respectively, in the 
free AO solution; (1), (2} and (3), 
absorption spectra at 6 ° and 70 °, and 
fluorescence spectrum at 6% respec- 
tively, in the presence of adenosine 
(1.8, 10-=M); (1~), (2') and (3"), ab- 
sorption spectra at 6 ° and 70 °, and 
fluorescence spectrum at 6 °, respec- 
tively, in the presence of herring sperm 
DNA (2 • 10 -~ M in nueleotides) ; light 
for fluorescence excitation, monochro- 
matic light at  492 rim. 

The  f luorescence  s p e c t r a  exc i t ed  b y  t he  m o n o c h r o m a t i c  
l ight  a t  492 n m  are  s h o w n  in  F i g u r e  1, cu rves  (c), (3) a n d  
(3'). T h e r e  is no  d i s t i n c t  d i f ference  a m o n g  these  f luores-  
cence spec t ra ,  b u t  t h e  f luorescence  i n t e n s i t y  is h i g h l y  
e n h a n c e d  b y  t he  p resence  of adenos ine  or  DNA.  T h e  r a t i o  
of f luorescence  q u a n t u m  yie ld  (~) in  t h e  p re sence  of 
adenos ine  ( 1 . 8 . 1 0 - = M )  or  D N A  ( 2 .  I 0 - 3 M  in  nuc leo-  
t ides) to  t h a t  (~/Q) for  free AO a t  t h e  in f in i t e  d i l u t i o n  is 
ca lcu la ted  to  be  a b o u t  2. T h e  large  v a l u e  of ~hT0 a n d  
the  a b s o r p t i o n  b e h a v i o u r s  m e n t i o n e d  a b o v e  te l l  us  t h a t  
adenos ine  or  t h e  base  res idue  in D N A  i n t e r a c t s  closely w i t h  
AO m o n o m e r  b y  compl ex  fo rma t ion ,  c o n c e i v a b l y  t h r o u g h  
VaN Z)ER WAALS in t e r ac t i on .  However ,  h va lues  ~0 of t h e  
h ighes t  fi l led a n d  lowes t  e m p t y  mo lecu l a r  o rb i t a l s  of  
AO a n d  a d e n i n e  (h = + 0 , 6 5 7 ,  --  0.278 for  AO a n d  h = 
+ 0.486, --  0.865 for  aden ine)  do  n o t  necessa r i ly  d e n y  a 
poss ib i l i ty  of t h e  c h a r g e - t r a n s f e r  com p l ex  f o r m a t i o n  
be tween  t h e m  (charge t r a n s f e r  f r o m  a d e n i n e  to  AO). 
Therefore,  i t  m a y  be  va l i d  tO cons ider  t h a t  some degree  
of charge  t r a n s f e r  i n t e r a c t i o n  is i n v o l v e d  in  c o m p l e x i n g  of 
AO a n d  nucleoside.  T he  more  de ta i l ed  i n v e s t i g a t i o n  is 
necessary  for  c l a r i fy ing  t h i s  po in t .  

i . . . .  i 
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Fig. 2. Fluorescence intensity of acridine orange as a function of 
COncentration of adenosine. Concentration of AO, 2 .10-~M;  pH 
7.0; temperature, 6°; exciting light, monochromatic light at 492 
Urn; F0 and F, fluorescence intensities iu the absence and presence 

of adenosine. 

T h e  c h a n g e  of f luorescence  i n t e n s i t y  is s h o w n  in  F i g u r e  
2 as a f u n c t i o n  of t h e  c o n c e n t r a t i o n  (C) of adenos ine .  
T h e  c u r v e  cons is t s  of 3 reg ions :  a n  in i t i a l  v e r y  r ap id  r ise 
(C < 1 , 10-SM), a s u b s e q u e n t  more  gen t l e  rise 
(1 • 10-~M < C < 5 .  10-SM) a n d  a g r a d u a l  increase  u p  
to  a s a t u r a t i o n  v a l u e  (5 • 10-SM < C). These  m i g h t  be  
e x p l a i n e d  b y  t h e  a s s u m p t i o n  t h a t  t h e  p re sence  of sma l l  
a m o u n t s  of nuc leos ides  acce le ra t e  t h e  d i s soc ia t ion  of AO 
d imers  b y  t h e  f o r m a t i o n  of m o l e c u l a r  c o m p l e x  bu t ,  a t  
t h e  h i g h  c o n c e n t r a t i o n  of nucleosides ,  nuc leos ide  mole-  
cules t h e m s e l v e s  agg rega t e  w i t h  each  o t h e r  za, l ead ing  to  
t h e  decrease  f rom t h e  a p p a r e n t  c o n c e n t r a t i o n  of nucleo-  
side m o n o m e r s  e f fec t ive  for  c o m p l e x i n g  w i t h  AO 
m o n o m e r .  The  o t h e r  nucleos ides  (ribonucleosides a n d  
deoxyr ibonuc leos ides )  a re  also e f fec t ive  for  t h e  e n h a n c e -  
m e n t  of AO f luorescence  emiss ion,  b u t  a d e n o s i n e  a n d  
d e o x y a d e n o s i n e  a re  t h e  m o s t  ef fec t ive  of a l l :  ~/~o for  
adenos ine  a n d  d e o x y a d e n o s i n e  are ,  r o u g h l y  speak ing ,  
a b o u t  1.3 t i m e s  as large  as those  for  t h e  o t h e r  nucleosides .  
Th i s  is p r o b a b l y  due  to  t h e  d i f ference  of c o n j u g a t e  doub le  
b o n d  s t r u c t u r e s  of nucleosides .  The  ab i l i t y  of t h e  for- 
m a t i o n  of  mo lecu l a r  c o m p l e x  b e t w e e n  AO a n d  va r i ous  
nuc leos ides  seems  to  be  he lp fu l  for  u n d e r s t a n d i n g  t h e  
Complex  I I  f o r m a t i o n  in  DNA,  R N A  a n d  t h e  o t h e r  po ly -  
nuc leo t ides .  

The  f u r t h e r  de ta i l s  will  be  p u b l i s h e d  elsewhere .  

Zusammen]assung. Z u s a t z  y o n  Nucleos id  ve rg r6 s se r t  
die F l u o r e s z e n z i n t e n s i t g t  des  A c r i d i n o r a n g e  in wgssr iger  
L 6 s u n g  s t a rk .  A b s o r p t i o n s -  u n d  F l u o r e s z e n z - V e r h a l t e n  
des  A c r i d i n o r a n g e  weis t  au f  die B f l d u n g  e ines  Molekfil-  
k o m p l e x e s  zwischen  A c r i d i n o r a n g e  u n d  Nucleos id  b in .  
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