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loss of po la r i za t ion  can  be  caused  b y  ' ex t r ins ic '  fac tors  
such  as m i g r a t i o n  of e x c i t a t i o n  (ET) a n d  b r o w n i a n  move-  
m e n t  1~ Thus ,  the  t t e r m  of t he  e q u a t i o n  is t he  ' i n t r ins ic  
fac to r '  while  t he  t e r m  c o n t a i n i n g  ~o is t he  ' ex t r ins ic  fac tor ' .  
The  ca lcu la ted  va lues  of ~t for S B F  are u n i f o r m l y  12-15 ~ 
h ighe r  t h a n  t h a t  of F in the  exc i t a t i on  range  of 270 n m  
to 305 n m  where  F emiss ion  is m o n i t o r e d  a t  306 n m  a n d  
S B F  a t  324 nm.  Also t he  ave rage  va lue  of co in F going 
f rom e x c i t a t i o n  a t  306 n m  to  e x c i t a t i o n  a t  285 n m  is 
ca lcu la ted  to  be  25 ~ On t he  o the r  h a n d ,  the  S B F  d a t a  
(exc i ta t ion  a t  285 rim) show a h igher  co va lue  ( abou t  35 ~ 
in t he  320-350 n m  range  a n d  ve ry  h i g h  va lues  (37~ ~ 
in t he  370-390 n m  range.  W e  i n t e r p r e t  these  d a t a  to  
m e a n  t h a t  t he  h ighe r  w a v e l e n g t h  region of t he  S B F  

f luorescence b a n d  exc i ted  a t  285 n m  is more  suscep t ib le  
to  po l a r i z a t i on  changes  t h a n  t he  lower  ene rgy  p a r t  of 
the  band .  
The  ex t r ins ic  c o n t r i b u t i o n  to depo la r i za t ion  increases  b y  
a f ac to r  of 2 in  going f rom 330 to  340 n m  b y  a f ac to r  of 
3 in going f rom 330 to 380 nm.  The  a d d i t i o n a l  depolar iza-  
t ion  f rom ex t r ins ic  causes  m u s t  occur  t h r o u g h  E T  be tween  
the  n e i g h b o r i n g  i n t r a m o l e c u l a r  ch romophores .  Thus  to  
W e b e r ' s  2 ca tegor ies  of ex t r ins ic  c o n t r i b u t i o n s  to  depo-  
l a r i za t ion  ( in te rmolecu la r  E T  v ia  dipole in t e rac t ions  a n d  
b r o w n i a n  m o v e m e n t )  can  be  a d d e d  a 3rd ca t ego ry :  
i n t r a m o l e c u l a r  E T  v ia  dipole in te rac t ions ,  wh ich  p lays  
an  i m p o r t a n t  role in t he  inc reas ing  of depo la r i za t ion  in 
SBF.  

Different ia l  b a n d i n g  induced  in po ly tene  c h r o m o s o m e s  of Drosophila melanogaster 
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Summary. E x p e r i m e n t s  car r ied  ou t  on po ly t ene  ch romosomes  of Drosophila melanogaster showed d i f fe ren t ia l  s t a in ing  
of ce r t a in  areas  w h e n  cyto logica l  p r e p a r a t i o n s  were exposed to l ight ,  or t r e a t e d  w i t h  fo rma ldehyde ,  a n d  s u b s e q u e n t l y  
s t a ined  w i t h  acr id ine  orange.  Some h y p o t h e s e s  are discussed r ega rd ing  t he  i n v o l v e m e n t  of some prote ic  f r ac t ions  
which ,  in add i t ion  to DNA,  could p a y  a p a r t  in such  band ing .  

I t  is k n o w n  t h a t  e u k a r y o t i c  ch r om os om es  e x h i b i t  p a t t e r n s  
of t r a n s v e r s e  f luorescen t  b a n d i n g  w h e n  s t a ined  w i t h  some 
acr id ine  de r iva t e s  ~ ; t he  in i t ia l  i n t e r e s t  in  such  b a n d i n g ,  as 
s impl i fy ing  t he  r ecogn i t ion  of p a r t i c u l a r  ch romosomes ,  
was  fol lowed b y  t h a t  r ega rd ing  t he  l inear  s t r u c t u r e  of 
euka ryo t i c  c h r o m o s o m e s  d u e  to  possible  i n t e r a c t i o n  of 
c h r o m o s o m a l  D N A  w i t h  f luorochromes .  I t  is in fac t  k n o w n  
t h a t  some of these  compounds ,  w h e n  b o u n d  to  specific 
po lynuc leo t ide  D N A  sequences ,  e n h a n c e  t h e i r  f luores-  
cence, cha rac t e r i z ing  specific base  compos i t ions .  Quina-  
crine,  for example ,  was  shown  to be a n  i nd i ca to r  of base  
compos i t i ons  in  po lynuc leo t ide  s egmen t s :  AT- r i ch  se- 
quences  e n h a n c e  whi le  GC-r ich sequences  q u e n c h  Q- fluo- 
rescence 3, 4, even  if t h e  specific in t e r spe r s ion  of GC base  
pa i r s  in  AT- r i ch  s egmen t s  seems to  p l a y  a role in quench -  
ing of in v i t ro  f luorescence of th i s  compound~.  H o e c h s t  
33258, an  a lka l ine  b i -benz imidazo l  de r iva t ive ,  is a n o t h e r  
i nd i ca to r  of AT- r i ch  po lynuc leo t ide  sequences ;  t he  fluo- 
rescence in v i t ro  of t h i s  c o m p o u n d  is e n h a n c e d  b y  b o t h  
AT-  a n d  GC-r ich segments ,  t h o u g h  t he  AT-r i ch  sequences  
increase  t he  f luorescence  more  t h a n  GC 6, ~. I t  i s t  s t i l l  
unce r t a in ,  however ,  if i t  is possible  to  m a k e  t he  same  
a s s u m p t i o n s  a b o u t  t he  b e h a v i o r  of such  f luorochromes ,  
e i t he r  w i t h  D N A  in so lu t ion  or w h e n  i t  is p a r t  of complex  
s t r u c t u r e s  l ike e u k a r y o t i c  ch r om os om es  s, 9. 

In  c o n t r a s t  to  t he  a b o v e - n a m e d  compounds ,  ac r id ine  
o range  (a.o.) f luorescence is no t  increased  b y  specific base  
sequences,  s ince for. t h i s  c o m p o u n d  b o t h  (dA)n (dT)n a n d  
(dG)n (dC)n e n h a n c e  f luorescence in v i t ro  10. Chromosomes  
s t a ined  w i t h  th i s  f luo rochrome  show b r i g h t  ye l low-green  
f luorescence al l  a long  t h e i r  l ength .  Because  t he  a .o . -DNA 
b o n d  seems to be in t e rca l a t ing ,  t he  emiss ion  of yel low- 
green  f luorescence could  be  cons idered  to  be  t he  resu l t  of 
t he  a .o . -DNA compl ex  w h e n  all  t he  spaces  b e t w e e n  pa i r s  
of a d j a c e n t  bases  of t he  nucle id  acid in i ts  doub le  he l ix  
s t a t e  are s a t u r a t e d  w i t h  f luorochrome  molecules  11, 12. 
The re  is, however ,  emiss ion  of f luorescen t  l i gh t  w i t h  a 

w a v e l e n g t h  cha rac t e r i s t i c  of r ed -o range  when  t he  dye  
molecules  i n t e r a c t  w i t h  each  o ther .  I n  th i s  connec t ion ,  i t  
is i m p o r t a n t  to  emphas ize  t h a t  t r e a t m e n t s  p roduc ing  de-  
po lymer iza t ions ,  in add i t i on  to d e n a t u r a t i o n  of DNA,  can  
also cause  t h e  f luorescence to  change  f rom yel low-green 
to  red  w h e n  t he  nucleic  acid is b o u n d  to  a.o.lK 
In  t h u s  seems possible  to  d i f fe ren t ia te ,  w i th  r easonab le  
ce r t a in ty ,  doub le  hel ix  po lynuc leo t ide  sequences  p roduc-  
ing yel low-green f luorescence,  f rom single hel ix sequences  
e m i t t i n g  red  f luorescence.  Because  of t he  s imilar  b e h a v i o r  
of the  D N A  in f ixed c h r o m o s o m e s  a n d  in so lu t ion  11, one 
can  cons ider  the  a.o. as a n  i n d i c a t o r  for cha rac t e r i z ing  
form and  d imens ions  of t he  nucleic  acid in chromosomes .  
I n  th i s  p a p e r  we descr ibe  t he  a.o. d i f fe rent ia l  s t a in ing  
o b t a i n e d  a f t e r  l igh t  a n d / o r  f o r m a l d e h y d e  t r e a t m e n t  on  
po ly t ene  ch romosomes  of Drosophila melanogaster. Some 
h y p o t h e s e s  on  t he  m e a n i n g  of t he  f luorescen t  b a n d i n g  are  
proposed.  

Materials and methods. 3rd i n s t a r  l a rvae  of Drosophila 
melanogaster (Canton  S) ra ised a t  the  Zoology D e p a r t m e n t  
of t he  U n i v e r s i t y  of Wiscons in  were used. The  sa l iva ry  
g lands  were e x t r a c t e d  in R i n g e r  so lu t ion  and  were t h e n  
t r e a t e d  w i t h  45% acet ic  acid for 3 min.  Af ter  squash ing ,  
the  si l iconized covers l ips  were r e m o v e d  w i t h  a razor  b lade  
f rom slides immersed  in l iquid  n i t r ogen ;  f i xa t ion  was 
effected in 95% e t h y l  a lcohol  for 10 min.  Slides were 
s t a ined  w i t h  0 .01% acr id ine  o range  in Sorensen  p h o s p h a t e  
buffer  M/15, p H  7.1 for  15 min .  The  excess dye  was 
r e m o v e d  b y  a 30 rain t r e a t m e n t  in t he  same buf fe r  solu- 
t ion.  P r e p a r a t i o n s  were t h e n  m o u n t e d  in a d rop  of phos-  
p h a t e  buffer ,  sealed w i t h  f ingerna i l  pol ish  and  exposed  to  
the  l igh t  of a 14 W s ter i l iz ing m e r c u r y  l amp  (Genera l  
Elect r ic)  for  t imes  v a r y i n g  f rom a few min  to  10 days.  
Cont ro l  sl ides were c o n t e m p o r a n e o u s l y  k e p t  in t he  d a r k  
for  t he  same  t imes  as those  exposed  to l ight.  Some pre-  
p a r a t i o n s  were  t r e a t e d  w i t h  4 %  f o r m a l d e h y d e  for 10 min  
before  s ta in ing ,  Slides were obse rved  daily.  
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Results and discussion. N o  a c t i o n  o f  t h e  b u f f e r  s o l u t i o n  
w a s  o b s e r v e d  in  t h e  c o n t r o l  s l i de s ;  a s  a l r e a d y  r e p o r t e d  14, 
a b r i g h t  y e l l o w - g r e e n  co lor  w a s  p r e s e n t  in  a l l  t h e  p o l y t e n e  
c h r o m o s o m e s  of  Drosophila melanogaster s t a i n e d  w i t h  a .o .  
T h e  c y t o l o g i c a l  p r e p a r a t i o n s ,  m o u n t e d  in b u f f e r  a n d  ex -  
p o s e d  t o  t h e  l i g h t  for  a p e r i o d  of  a t  l e a s t  3 - 5  d a y s ,  s h o w  
t h e  c h r o m o s o m e  b a n d s  a n d  i n t e r b a n d s  of  a co lo r  v a r y i n g  
f r o m  d u l l  o r a n g e  t o  b r i c k  r e d ;  h o w e v e r ,  s o m e  b a n d s  a n d  
s o m e  d o t s  in  t h e  c h r o m o c e n t e r  a r e  d i f f e r e n t i a l l y  s t a i n e d  
a n d  s h o w  a b r i g h t  y e l l o w - g r e e n  f l u o r e s c e n c e  ( f igure) .  
S u c h  s t r u c t u r e s  s e e m  to  be  t h e  s a m e  o n e s  a l r e a d y  s h o w n  
w i t h  Q u i n a c r i n e  a n d  33258 H o e c h s t  8-15 a n d  n a m e l y :  b a n d  
8 I F  (3R) ,  3 b a n d s  o n  t h e  4 t h  c h r o m o s o m e  a n d  s o m e  d o t s  
in  t h e  c h r o m o c e n t e r  a rea .  
O u r  d a t a ,  t h e r e f o r e ,  s h o w  t h a t  t h e  c h r o m o s o m e s ,  a f t e r  a .o .  
s t a i n i n g  a n d  e x p o s u r e  to  l i gh t ,  e x h i b i t  a d i f f e r e n t i a l  b a n d -  
i n g  p a t t e r n  o n  s o m e  b a n d s  w h i c h  r e t a i n  t h e  y e l l o w - g r e e n  
co lo r  in  c o n t r a s t  to  a l l  o t h e r  c h r o m o s o m a l  a r e a s  w h e r e  one  
n o t e s  a c h a n g e  f r o m  y e l l o w - g r e e n  to  a n  o r a n g e / b r i c k  r ed  
color .  F r e i f e l d e r  e t  al .  1~ s h o w e d  t h a t  p u r i f i e d  D N A  i r r a -  
d i a t e d  w i t h  v i s ib l e  l i g h t  in  t h e  p r e s e n c e  o f  a.o.  r e s u l t s  in  
d e p o l y m e r i z a t i o n  of  t h e  n u c l e i c  a c i d ;  on  t h i s  b a s i s  o u r  
e x p e r i m e n t s  c o u l d  i n d i c a t e  e i t h e r  d e n a t u r a t i o n  or  d e p o l y -  
m e r i z a t i o n  of D N A  in  m o s t  of  t h e  p o l y t e n e  c h r o m o s o m a l  
a r e a s ,  w i t h  t h e  e x c e p t i o n  of  t h e  f ew b r i g h t  b a n d s .  
I n  o r d e r  to  f i nd  o u t  if s o m e t h i n g  o t h e r  t h a n  D N A  is 
i n v o l v e d  in  t h e  m e c h a n i s m  of t h i s  b a n d i n g ,  we t r e a t e d  
s o m e  p r e p a r a t i o n s  w i t h  f o r m a l d e h y d e  a f t e r  a c i d  f i x a t i o n :  
t h e  s a m e  a.o.  d i f f e r e n t i a t i o n  s h o w n  a f t e r  l i g h t  w a s  p r e s e n t  
i m m e d i a t e l y ,  e v e n  if t h e  f l u o r e s c e n c e  w a s  n o t  so  b r i g h t .  
T h e  a c t i o n  o f  f o r m a l d e h y d e  in  s t a b i l i z i n g  p h a g e  D N A  is 
k n o w n l ~ ;  t h i s  c o m p o u n d  p r e v e n t s  r e a s s o c i a t i o n  of s ing le  
p o l y n u c l e o t i d e  c h a i n s  a f t e r  h e a t  o r  h i g h - p H  d e n a t u r a t i o n .  
O n  t h e  o t h e r  h a n d ,  t h e  s t a b i l i z i n g  a c t i o n  of  f o r m a l d e h y d e  
o n  d e o x y r i b o n u c l e o p r o t e i n s  is a lso  k n o w n ,  as  p o i n t e d  o u t  
b y  R i g l e r  e t  al. is on  i n t e r p h a s e  l i m p h o c y t e  nuc le i ,  a n d  b y  
N a s h  a n d  P l a u t  ~4 w h o  s h o w e d  t h a t  Drosophila p o l y t e n e  
c h r o m o s o m e s  t r e a t e d  w i t h  t h i s  c o m p o u n d ,  f i xed  in a ce t i c  
a c i d  a n d  s t a i n e d  w i t h  a .o . ,  a l w a y s  s h o w  a y e l l o w - g r e e n  
f l u o r e s c e n c e  e v e n  a f t e r  h e a t  o r  ac id  t r e a t m e n t .  

Differential staining of polytene chrmnosomes of Drosophila mela- 
nogaster stained with acridine orange and exposed to the light for 5 
days. Band 8IF (3R), 3 bands on the 4th chromosome and some 
dots in the chromoeenter are evident. (See arrows.) Such areas 
show a green color, while all the rest of the chromosome body is 
dull orange. 

T h e  p o s s i b l e  i n v o l v e m e n t  of  p r o t e i n s  in  d i f f e r e n t i a l  a .o .  
s t a i n i n g  of  h u m a n  c h r o m o s o m e  p r e p a r a t i o n s  t r e a t e d  wi t t l  
f o r m a l d e h y d e  w a s  i m p l i e d  b y  B o b r o w  a n d  M a d a n  ~9. 
B o b r o w  ~~ m o r e o v e r ,  p o i n t e d  o u t  t h a t  h u m a n  c h r o m o -  
s o m e s  t r e a t e d  w i t h  t r y p s i n  a n d  s t a i n e d  w i t h  a .o .  s h o w  a 
y e l l o w - g r e e n / r e d  b a n d i n g  p a t t e r n  s i m i l a r  to  R b a n d i n g  21. 
T h e  d a t a  a r e  i n t e r p r e t e d  b y  t h e  a u t h o r  o n  t h e  b a s i s  of  
d i f f e r e n t i a t i o n  d u e  a lso  to  c h r o m o s o m a l  m o l e c u l e s  d i f -  
f e r e n t  f r o m  n u c l e i c  ac ids .  
W e  a re  led  to  b e l i e v e  t h a t ,  in  o u r  e x p e r i m e n t s ,  t i le  a c t i o n  
o f  f o r m a l d e h y d e  t a k e s  p l a c e  b y  s t a b i l i z i n g  t h e  D N A - p r o -  
t e i n  a n d / o r  p r o t e i n - p r o t e i n  s t r u c t u r a l  r e l a t i o n s h i p s  a l -  
r e a d y  a l t e r e d  b y  t h e  ac id  f i x a t i v e .  T h e  a .o .  b a n d i n g  
p a t t e r n  o b t a i n e d  c o u l d  be  t h e  r e s u l t  o f  i n t e r a c t i o n s  in-  
v o l v i n g  p r o b a b l y  b o t h  D N A  a n d  s o m e  p r o t e i c  c l a s s  of  t h e  
p o l y t e n e  c h r o m o s o m e s  of  Drosophila melanogaster. W e  do  
n o t  k n o w  w h a t  t h e  l i g h t  e n e r g y  a b s o r b e d  b y  t h e  a .o .  c a n  
p r o d u c e  in t h e  c h r o m o s o m a l  e n t i t i e s  to  w h i c h  t h e  f l uo ro -  
c h r o m e  is b o u n d ,  b u t  we t h i n k  t h a t  a n  a p p r o p r i a t e  u s e  
of  t h e  i n t e r a c t i o n s  l i g h t / a . o . - D N A  c o u l d  a c t  a s  a p o w e r f u l  
too l  for  f u r t h e r  r e s e a r c h  on  t h e  s t r u c t u r e  of  a u k a r y o t i c  
c h r o m o s o m e s .  
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