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Table 2. Rate of hydrolysis of X-Y-p-nitroanilides (pNA) with X- 
prolyl dipeptidyl-aminopeptidase 

Substrate Enzyme activity 
~tmole/min mg protein (37 ~ % 

Gly-Pro-pNA 11.02 100 
Gly-Leu-pNA 0.000 0.000 
Gly- Sarcosine-pNA 0.009 0.080 
Gly-GIy-pNA 0.002 0.016 
Gly-Hyp-pNA 0.201 1.82 
Gly-Ata-pNA 0.176 1.60 
AIa-Gly-pNA 0.0II 0.10 
Ala-AIa-pNA 1.194 10.83 

Homogeneous enzyme from human submaxillary gland was used as 
enzyme. Activities were measured at pH 8.7 in 71 mM glyeine-NaOH 
buffer and at a substrate concentration of 1.4 mM. The values are the 
mean of duplicate experiments. 

lary  glands in order to examine  the  specificity of the  
N- te rmina l  amino acid, and  found tha t  glycylprol ine 
p-ni t roani l ide  had the  highest  ac t iv i ty  among  the  sub- 
s t ra tes  at  the  o p t i m u m  p H  (8.7), followed by  p-ni t ro-  
anilides of alanine, lysine, arginine, g lu tamic  acid, and 
aspar t ic  acid in a decreasing order of ac t iv i ty  6. Since the 
homogeneous  enzyme from h u m a n  submaxi l la ry  gland 
did not  hydrolyze  g lycylphenyla lanine  f l -naphthylamide 
a t  all 5, the  enzyme was supposed to be specific for the  
2nd amino acid proline. However ,  the  purified enzyme 
f rom porcine k idney was found to hydro lyze  no t  only 
X-Pro-Y,  bu t  also X-Ala-Y3,  4. Therefore,  in order  to 
examine  the  specificity of the  2nd amino acid, we have  
synthesized new chromogenic  substrates,  p-ni t roani l ides 
of the  dipeptides,  Gly-Pro,  Gly-Leu,  Gly-Sarcosine,  
Gly-Gly, Gly-Hyp,  Gly-Ala,  Ala-Gly and Ala-Ala.  

These compounds  were synthesized in a tosyla te  form 
by coupling Boc-Gly or Boc-Ala N-hydroxysucc in imide  
ester wi th  several  amino acid p-ni troanil ides used in this 
s tudy  in N , N - d i m e t h y l f o r m a m i d e  followed by the  t rea t -  
ment  wi th  p-toluenesulfonic acid in acetic acid a t  room 
tempera tu re .  Amino acid p-ni troani l ides used as the  
s ta r t ing  mater ia l  were synthesized by  coupl ing corre- 
sponding carbobenzoxy  amino acids wi th  p-ni t roani l ine  
applying phosphorus  oxychlor ide  me thod  T; the  carbo-  
benzoxy  group was removed by the  t r e a t m e n t  wi th  
25% HBr-ace t i c  acid at  room tempera ture .  
Ana ly t ica l  d a t a  for the  final p roducts  were summar ized  
in table 1. X - P r o l y l  d ipept idy l -aminopept idase  in human  
submaxi l l a ry  gland was purified to a near ly  homogeneous  
form from the mater ia ls  obta ined a t  au topsy  by  a 
procedure  described previous ly  ~. The enzyme ac t iv i ty  was 
assayed by  di rec t ly  measur ing the l iberated p-ni t ro-  

a n i l i n e  by  the  method  described previous ly  s. I ncuba t ion  
mix tu re  conta ined 75 tzmoles g lycyne -NaOH buffer  
(pH 8.7), 1.5 ~zmoles of each X-Y-p-ni t roani l ide ,  and 
enzyme plus water  to 1.05 ml. Incuba t ion  was carr ied 
ou t  at  37~ for 30 rain. 
The results are shown in table  2. Among  var ious subst ra tes  
hav ing  the  sequence of GIy-Y-p-ni troani l ide,  Gly-Pro-p-  
ni t roani l ide  was hydro lyzed  a lmost  specifically. Only Gly-  
Hyp-p-n i t roan i l ide  and Gly-Ala-p-ni t roani l ide  had sl ight  
bu t  s ignif icant  (2%) ac t iv i ty .  However ,  Ala-Ala-p-ni t ro-  
anilide had about  11% of the ac t iv i ty .  The results suggest  
t ha t  the  d ipep t idy l -aminopept idase  is highly specific for 
the  2nd amino  acid proline, bu t  hydroxypro l ine  and a lanine  
can also be the 2nd amino acid. 

6 T. Nagatsu, M. Hino, H. Fuyamada, T. Hayakawa, S. Sakaki- 
bara, Y. Nakagawa and T. Takemoto, Analyt. Biochem. 74, 466 
(1976). 

7 T. Wieland and H. Bernhard, Justus Liebigs Annln Chem. 572, 
190 (1951). 

Energy transfer from the second excited singlet state of spirobifluorene 
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Summary. Energy  t ransfer  f rom the  second exci ted s ta te  of spirobif luorene is examined  by  polar izat ion spectroscopy.  
Ev idence  against  spi roconjugat ion and evidence in favor  of a coulombic  mechanism is reviewed and discussed. This  
coulombic  in terac t ion  is categorized as an in t ramolecular  energy t ransfer  caused by  the  'extr insic  factors '  of the  Weber  
nomencla ture .  

Bis-(2 ,2 ' -b iphenylene)-methane (common name spirobi- 
fluorene, SBF) wi th  its spirolinked planes has been used 
as a model  compound  in s tudy ing  in t rachromophor ic  
energy  t ransfer  (ET)2. Tile 1 exci ted singlet  s ta te  of 
f luorene (F) is repor ted  to be long axis polar ized while 
the  2 exci ted singlet  is short  axis polar ized 3. W h e n  the  
flurenic moiet ies  are joined via  the  spirocarbon l inkage 
to form SBF,  the  1 exci ted s ta tes  of the  dimeric  com- 

p o n e n t s  posess dipoles t h a t  are perpendicular ly  oriented,  
and titus no dipole-dipole in terac t ion  would  be expected.  
But ,  if the  chromophores  should be exci ted to the  2 

e x c i t e d  singlet  state,  where the  dipoles are or iented in a 
paral le l  fashion, the  possibi l i ty  of E T  occurring th rough  
a dipolar  in terac t ion  exists. 

Ene rgy  t ransfer  be tween  the  favorab ly  oriented 2 exci ted 
singlet  dipoles would be expected to produce an exci tonic  
spl i t t ing of the  degenerate  levels. This excitonic spl i t t ing 
is diff icult  if  no t  impossible to measure  because i t  is a 
radiat ionsless  decay f rom a per tu rbed  2 singlet  and 
hydrocarbons  usual ly  emi t  f rom the  lowest  vibronic  level  
of the  lowest  exci ted single s ta te  (Kasha 's  Rule).  However ,  
an indirect  indicat ion of whether  E T  is occurr ing migh t  
be found by  measur ing the  polar izat ion of the  resul t ing 
singlet  s ta te  emission. Depolar iza t ion of the f luorescence 
of S B F  as compared  to F would  offer s t rong evidence for 
the  occurrence of in t ramolecu la r  ET.  
If  E T  is to occur th rough  a coulombic  mechanism,  the  
dipoles mus t  be or iented in such a way  t h a t  the  pro jec t ion  
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of one upon the  o ther  is re la t ively  large, or equiva lent ly ,  
t h a t  the  angle of the i r  in tersec t ion  is small.  And  if the  
energy  is t r ans fe r red  f rom the  1 to the  2 ch romophore ,  
a depolar iza t ion  of t he  resul t ing f luorescence of the  2 
ch romophore  should occur. This  in t u rn  Should resul t  in 
a s ignif icant  change  in polar iza t ion  pa ramete r s .  
The exc i ta t ion  and  emi s s ion  spec t ra  of F (5 • 10 -~ M) 
are shown in figure 1, A; similar spec t ra  for S B F  (1 x I0 -6 
M) are found in figure 1, B. The solvent  used was me thy l -  
cyc lohexane  : i sopen tane  (1 : 5) (MI) a t  77 ~ The polariza-  
t ion of f luorescence of F and  S B F  in MI at  77 ~  exci ted 
a t  306 n m  (1 exci ted  singlet) is shown in figure 2, A; the  
same compounds  exci ted  a t  285 nm (2nd exci ted  singlet) 
are shown in figure 2, B. 
The polar iza t ion  spec t ra  of F exci ted a t  306 n m  and 
285 n m  are essent ia l ly  equivalent ,  But  the  polar iza t ion 
of S B F  at  the  same exc i ta t ion  wave leng ths  is qui te  
d i f fe rent  beginning  at  abou t  340 nm and ex tend ing  to 
390 nm,  indica t ing  a d i f ferent  m e t h o d  of deac t iva t ion  
of the  1st exci ted  level of SBF.  Tha t  the  polar ized l ight  
is observed means  t h a t  the  oscil lators are essent ia l ly  
paral lel  to the  exci t ing l ight vectors.  This, plus the  fact  
t h a t  S 1 is h ighly  depolar ized in SBF, implies t h a t  a t  
least  p a r t  of the  f luorescent  energy  is der ived f rom the  
2rid exci ted singlet.  
To el iminate  the  poss ibi l i ty  t h a t  the  in te rac t ion  is in t ra-  
molecular  energy  ' leakage '  across the  sp i rocarbon a t o m  
via sp i roconjugat ion  (and therefore  no t  coulombic) is 
impor t an t .  The 7-nm ba thochromic  shif t  of the  lowest  
energy  peaks in the  absorp t ion  spec t ra  of S B F  as com- 
pared  to F was original ly de t e rmined  by  Hofer  4 and 
again by  Hass  5. A similar  shif t  in the  peaks  of an amino-  
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Fig. 1. Excitation and emission of A Iluorene (5 • 10 s M) and B 
SBF (1 • 10 -n M) in methylcyclohexane:isopentane (1:5) at 77 ~ 

ni t ro  subs t i t u t ed  S B F  has been  observed  2, suggest ing a 
mechan i sm involving e i ther  a 'var iable  so lvat ion  effect '  
or a subs t i t u t i on  effect  in the  9 (spirocarbon atom) 
posi t ion.  
The absorp t ion  d a t a  of E a b o r n  and Shaw e on 9-sub- 
s t i t u t ed  f luorenes show t h a t  e lec t ron dona t ing  groups,  
such as amino  or p h en y l  groups,  cause a b a t h o c h r o m i c  
shif t  c o m p a r a b l e  in magn i tude  to t h a t  seen in SBF.  
Similar shi f ts  are also found  in the  260 n m  bands  of the  
F and S B F  curves  5. Fu r the rmore ,  da t a  5 indica te  t h a t  the  
solvat ion  effect  t h a t  occurs be tween  the  polar  (EPA ~) 
and  nonpola r  (MI) solvents ,  m a y  affect  emax r a t h e r  t h a n  
the  ,~max- However ,  if a so lva t ion  mechan i sm were to be 
applied,  the  cases involved would be nonpo la r  solute 
in te rac t ing  wi th  nonpo la r  so lvent  (MI) or nonpola r  solute 
in te rac t ing  wi th  polar  so lvent  (EPA) (cases I and  II  of 
the  Bayl i ss -McRae categor izat ion)  ; bo th  of these  ins tances  
produce  a b a t h o c h r o m i c  shif t  s. Thus,  bo th  the  subs t i tu -  
t ion and solvat ion  d a t a  qua l i t a t ive ly  argue aga ins t  
spi roconjugat ion.  Fu r the rmore ,  He i lb ronner  9 r epor ted  a 
hypsochromic  spect ra l  shif t  due to sp i roconjuga t ion  in a 
symmet r i ca l  heterocycle .  There  is no measurab le  widen-  
ing or sp l i t t ing  of absorp t ion  bands4,  5 imply ing  t h a t  the  
coupl ing be tween bands  is re la t ive ly  small  and  the  energy  
of absorp t ion  is localized in the  ch romophore  t h a t  absorbed  
the  energy.  All th is  evidence indicates  t h a t  the  t r ans fe r  
of energy  f rom one F moie ty  to the  o ther  in S B F  p r o b a b l y  
does not  involve spi roconjugat ion .  
According to Weber  1~ the  change  in pos i t ion  of the  
emission dipole f rom the  t ime of exc i ta t ion  to the  t ime  
of emission (depolarization) can resul t  f rom 1 of 2 p h en om-  
ena:  b rownian  m o v e m e n t  or ET.  The ET  possibi l i t ies  in 
t u rn  can be of 2 types :  coupl ing of 2 electronic dipoles or 
the  coupling of an electronic  dipole wi th  a v ib ra t iona l  
dipole. Since b rownian  m o v e m e n t  can be ruled out  because 
the  molecule is r igidly c l amped  by  the  so lvent  mat r ix ,  
1 of the  2 ET  mechan i sms  remains  to expla in  the  de- 
polar iza t ion phenomenon .  
Weber ' s  express ion  relates  the  dipole c o m p o n e n t s  of 
abso rp t ion  and emission:  

1(+)[ ][ ] 
p 3 3 cos ~ ~-1 3 <[cos2o~;> 1 ' 

where  p = measured  polar iza t ion;  2 = angular  separa-  
t ion of the  absorp t ion  and emission oscil lators ; m = angle 
be tween  the  emission dipoles. 
If there  is no change in the  abso rp t ion  and emission 
oscil lator o r ien ta t ions  in the t ime requi red  for b o t h  
p h e n o m e n a  to occur, t hen  the  depolar iza t ion  f rom the  
m a x i m u m  value of 1/2 is due to ' in t r ins ic '  causes.  F u r t h e r  
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Fig. 2. Fluorescence polarization of fluorene and SBF in MI at 77 ~ 
A Excitation at 306 rim; B excitation at 285 nm. Vertical bar shows 
range of the experinlental data. - ........ fluorene; - -  SBF. 
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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 
s ta ined  w i t h  acr id ine  o r a n g e  

R. Mezzanotte 1 

Istituto di Biologia Generale, Facolt~ di Medicina e Chirurgia, Universit~ di Cagliari, Via Porcell 2, 
1-09100 Cagliari (Italy), I August 1977 

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.  


