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The  Photoreact ion  Between  D N A  and the Sk in-  
Photosens i t i z ing  F u r o c o u m a r i n s  Studied U s i n g  

Label led Bergapten  

In  foregoing c o m m u n i c a t i o n s  1-8 we h a v e  po in t ed  ou t  
t he  cap ac i t y  of f u r o c o u m a r i n s  to  b ind  in t he  da rk  w i th  
D N A ,  an d  we h a v e  r epor t ed  some  ev idences  of a pho to -  
r eac t ion  wh ich  occurs  w h e n  a so lu t ion  of D N A  con t a in ing  
a s k i n - p h o t o s e n s i t i z i n g  f u r o c o u m a r i n  is i r r ad ia t ed  a t  
3655 ~ .  These  re su l t s  were ob t a ined  in t he  course  of our  
s tud ie s  on the  m e c h a n i s m  of t he  pho to sens i t i z i ng  ac t ion  
of some  f u r o c o u m a r i n s  4. 

T he  p h o t o r e a c t i o n  be tween  D N A  and  these  s u b s t a n c e s  
ha s  now been  co n f i rmed  us ing  a labelled sk in -ac t ive  furo-  
c o u m a r i n ,  i.e. O~4CHa be rgap ten ,  or 5 -me thoxy -pso ra l e n ,  
t h a t  we p repa red  b y  m e t h y l a t i o n  of t he  co r r e spond ing  
pheno l  (bergaptol  or 5 -hydroxy-psora len )  w i t h  I14CHa. 

F o u r  d i f fe rent  s amp le s  of D N A  were used  in these  ex- 
p e r i m e n t s  (see Figure) .  The  p h o t o r e a c t i o n s  were s t ud i e d  
b y  d e t e r m i n i n g  b o t h  t he  r a d i o a c t i v i t y  (in a l iquid  scin- 
t i l l a tor  counter ,  SELO,  Milano) a n d  t he  f luorescence  (at 
400 n m ,  us ing  all A m i n c o - B o w m a n  spec t ropho to f luor i -  
m e t e r ;  a c t i v a t i n g  w a v e l e n g t h  330 nm) .  

A q u e o u s  0.1% so lu t ions  of DNA,  con t a in ing  20 # g / m l  
of label led be rgap ten ,  were i r r ad ia ted  a t  3655 A (Phil ips  
H P W  125 l a m p  a t  a d i s t ance  of 16 cm;  i r r ad ia t ion  0.98 
m W / c m  ~) an d  t h e n  s o d i u m  chloride was  added  to a con- 
c e n t r a t i o n  1 M.  Th e  D N A  was  p rec ip i t a t ed  w i th  2 vol  of 
e t hy l  alcohol, cen t r i fuged ,  washed  w i th  70 % e thy l  alco- 
hol, an d  solubil ized aga in  in the  s a m e  v o l u m e  of wa t e r  as 
in the  ini t ia l  s tage.  The  ob ta ined  so lu t i ons  were ut i l ized 
for the  d e t e r m i n a t i o n  of the  f luorescence d i rec t ly  a n d  the  
r ad ioac t iv i ty ,  u s ing  0.2 ml  of t he  so lu t ions  w i th  3 ml  of 
ab s o lu t e  e t h y l  alcohol  and  3 ml  of to luene  so lu t ion  of 
sc in t i l l a tor  (the a p p a r a t u s  eff ic iency in these  e x p e r i m e n t a l  
cond i t ions  was 20 %). 

I n  these  e x p e r i m e n t s ,  t he  four  s a mp le s  of D N A  ex-  
a m i n e d  showed  a v e r y  s im i l a r  b e h a v i o u r  (see Figure) .  I n  
the  per iod of i r r ad ia t ion  used  (4 h) ~ t he  sma l l  s a m p l e s  of 
D N A  i r rad ia ted ,  p r ec ip i t a t ed  a n d  solubi l ized aga in  in 
w a t e r  showed  a g r a d u a l  increase  b o t h  of t he  r a d i o a c t i v i t y  
a n d  the  f luorescence  w i th  t he  inc reas ing  l e n g t h  of i r rad ia-  
t ion.  On  the  o ther  h a n d ,  r a d i o a c t i v i t y  a nd  f luorescence  
were no t  p r e s e n t  w i t h o u t  i r rad ia t ion .  

The  q u a n t u m  yield, d e t e r m i n e d  in t he  f i rs t  2 h of irra-  
d ia t ion  on t he  bas is  of t he  a m o u n t  of b e r g a p t e n  b o u n d  to 
D N A  (calcula ted f rom the  a s s u m e d  rad ioac t iv i ty ) ,  was  
5.2 �9 10 -3. 

The  resu l t s  ob ta ined  c on f i rm  the  p h o t o r e a c t i o n  b e t w e e n  
D N A  a nd  b e r g a p t e n  af te r  i r r ad ia t ion  a t  3655 ~_. Moreover  
t h e y  ind ica te  t h a t  the  b i n d i n g  b e t w e e n  b e r g a p t e n  a n d  
D N A  w h ic h  t a ke s  place in t he  d a r k  ~ is ve ry  w e a k  a n d  t he  
' complex '  fo rmed  b r e a ks  up  comple t e ly  on p r e c ip i t a t i on  
of D N A  w i th  e thano l .  On t he  o t h e r  h a n d ,  a f te r  i r r ad i a t i on  
a more  s tab le  chemica l  l inkage  is fo rmed  b e t w e e n  t he  
f u r o c o u m a r i n  a nd  t he  macromolecu le .  

As we h a v e  p r e v ious ly  found ,  t he  f u r o c o u m a r i n s  pho to -  
reac t  on ly  w i th  the  p y r i m i d i n e  der iva t ives .  W e  there fore  
t h i n k  t h a t  also in t he  D N A  the  reac t ive  s i tes  are t he  pyr i -  
m id ine  bases.  

In  the  e x p e r i m e n t a l  cond i t ions  ind ica ted  above,  we 
h a v e  ca lcu la ted  t h a t  the  ra t io  be tw e e n  t he  molecules  of 
b e r g a p t e n  l inked to D N A  a nd  t he  nuc leo t ides  p r e se n t  in 
the  s a m e  D N A  is 1 : 154 a f te r  2 h of i r rad ia t ion .  

O the r  more  de ta i led  re su l t s  on th i s  sub j e c t  will be p u b -  
l i shed elsewhere.  

W e  t h i n k  t h a t  th i s  p h o t o r e a c t i o n  b e t w e e n  sk in-  
pho tosens i t i z i ng  f u r o c o u m a r i n s  a nd  D N A  could exp la in  
the  m e c h a n i s m  of t he  biological  p h o t o s e n s i t i z i n g  effects  
of the  f u r o c o u m a r i n s  so far  observed ,  suc h  as t he  sk in-  
e r y t h e m a ,  t he  D N A  v i rus  i na c t i va t i on ,  a nd  the  le tha l  a n d  
m u t a g e n i c  ac t ion  on bac t e r i a  a n d  on m a m m a l i a n  cells 
a d a p t e d  to in v i t ro  g rowth .  
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Photoreactions between bergapten-Ol4CHa and DNA. Aqueous 
O.1% solutions of DNA containing 20/~g/ml of labelled bergapten 
irradiated at 3655A (0.98 mW/cm2). In a) is reported the amount (/~g) 
of bergapten which, after irradiation, is linked to 1 mg of DNA, as 
calculated on the basis of the radioactivity measurements. In b) is 
reported the intensity (arbitrary units) of the fluorescence assumed 
by DNA after irradiation. I, Calf thymus DNA, extracted with 
strong salt solution and deproteinized by saturation with sodium 
chloride 7. P% - 7.32; N/P = 1.68; Tms = 83.6 ~ . II, Calf thymus 
DNA, extracted with the aid of sodium dodecilsulphate% P% - 
8.36; N/P 1.665; Tm = 89 ~ III, Calf thymus DNA, highly poly- 
merized (Mann Research Laboratories, New York). P% -- 7.05; 
N/P = 1.73; Tin = 87 ~ IV, Salmon sperm DNA, highly polymerized 
(Mann Research Laboratories,New York). P% = 8.16; N/P - 1.69; 

Tm = 86 ~ 

Riassunto.  Ricerche  esegui te  con bergaptene-O14CH3 
c o n f e r m a n o  che t r a  q u e s t s  s o s t a n z a  ed il D N A  a v v i e n e  
u n a  fo toreaz ione  in segui to  ad  i r radiaz ione  a 3655 ~ ,  che 
p o r t s  alla fo rmaz ione  di u n a  s tabi le  c omb ina z ione  t r a  ta 
f u r o c u m a r i n a  e lo s tesso  ] )NA.  
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