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Fig. 1 Fig. 2 Fig. 3 

Antigens: 1, smooth-muscle myogen extract; ~, striated-muscle myogen extract; 3, plasma; 4, smooth-muscle structure-protein extract; 
5, striated-muscle structure-protein extract; 6, mixed-tissue myogen extract. Antibodies: [1], immune serum against antigen No. 1; 
[2], immune serum against antigen No. 4; [11]3, supernate of imnmne serum No. [1] after absorption by antigen No, 3; [~][1, supernate of 

immune serum No. [4J after absorption by antigen No. 1. 

I t  has  been  no ted  in the  foregoing t h a t  immune  sera pro-  
duced  aga ins t  SM S t rP ro t - s  do n o t  p rec ip i ta te  an t igens  
p repa red  f rom s t r i a ted  muscle  S t r P r o t - s  (Figure 2), so 
t h a t  the  l a t t e r  are  no t  ident ical  w i th  the  specific an t igen ic  
c o m p o n e n t  of t he  SM S t r P r o t  ex t rac t ,  nor  is th i s  SM 
s t ruc tu ra l  c o m p o n e n t  ident ica l  wi th  t h a t  con ta ined  in 
t he  SM myogen  e x t r a c t  (Figure 3). Consider ing tha t ,  ac- 
cording to  our o the r  inves t iga t ions ,  the  s t ruc tu re  ex t r ac t s  
con ta in  no t  more  t h a n  10 to  15% ac tomyos in  complex ,  
it  is possible t h a t  the  specific fac tor  remain ing  in the  SM 
s t ruc tu r e  e x t r a c t  belongs to  IVANOV'S T-fract ion,  or else 
it m a y  be a d i f fe rent  s t ruc tu re  componen t .  

Zusammen/assung. Es gelang, zwei charak te r i s t i sche  
Ant igene  im 0 , 1 5 4 3 / K C i - E x t r a k t  g la t t e r  H u n d e m u s k e l n  

d u r c h  Geldiffusion nachzuweisen ,  die m6glicherweise eine 
Folge des spezif ischen Stoffwechsels  der  g l a t t en  Muskula-  
tu r  sind.  Die weitere  M6gliehkeit  bes teh t ,  dass  ein Teil der  
S t ruk ture iweisse  der  g la t t en  Muskeln berei ts  bei n iedr iger  
I o n e n k o n z e n t r a t i o n  gel6st  wird.  Be im spezi f ischen Ant i -  
gen des W e b e r - E d s a l l - E x t r a k t s  g la t t e r  Muskeln  h a n d e l t  
es sich wahrschein l ich  n ich t  um A k t o m y o s i n  bzw. Myosin,  
sondern  um ein anderes  Eiweiss  oder  Kollagen.  

J. BIR6 and F. GIMPL 

Department o/ Urology, Department o/Chest Diseases, 
University o/ Medicine, Budapest (Hungary), 
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Photosens i t i z ing  F u r o c o u m a r i n s :  Interaction 
wi th  DNA and Photo- Inact ivat ion  of D N A  

Containing Viruses  

Some fu rocoumar ins  show a wel l -known photosens i t i z -  
ing ac t iv i ty  on the  h u m a n  and  guinea-pig  skinX a; t he  
le thal  pho tosens i t i za t ion  of bac te r ia  ~-~ and  of m a m m a -  
lian cells, a d a p t e d  to  in v i t ro  g rowth  ~, was also s tudied.  

The re la t ionships  be tween  the  photosens i t i z ing  ac t iv i ty  
of fu rocoumar ins  and  the i r  chemical  s t ruc tu re  are now 
well clarified 2, a. 

The pbotosens i t i z ing  effects d i sp layed  on the  skin are 
charac te r i s t i c  and  d i f fe ren t  f rom those  of m a n y  o the r  
p h o t o d y n a m i c  subs tances ,  such as h e m a t o p o r p h y r i n ,  
hyper ic in ,  me thy l ene  blue, f luoresceinic dyes,  etc. s. The 
last  c o m p o u n d s  ac t  b y  a p h o t o o x y d a t i v e  process.  The  
furocoumar ins ,  on the  con t ra ry ,  are  lacking in pho t o -  
o x y d a t i v e  p roper t i es ;  t he  m e c h a n i s m  of the i r  pho tosens i -  
t iz ing effect  is a t  p r e sen t  no t  comple te ly  unders tood ,  in 
spi te  of m u c h  research  done in th is  field ~,~, 9-n.  

Studies  of the  pho to reac t ions  be tween  photosens i t i z ing  
fu rocoumar ins  and  f l av in -mononue leo t ide  (FMN) seemed 

to  suggest  a f irst  app roach  to  th is  p rob lem;  in fact  only  
the  act ive  subs tances  pho to reac t ,  the  inac t ive  ones do no t  
form new compounds .  The s t r ic t  paral le l ism observed  
sugges ted  the  poss ibi l i ty  of an exp lana t ion ,  t h r o u g h  the  
pho tochemica l  in v i t ro  r eac t i v i t y  w i th  FMN,  of the  in vivo 
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propert ies of the  furocoumarins~,lL This  hypothesis ,  how- 
ever,  does no t  agree wi th  al l  t he  facts  observed.  

Recent ly ,  on the  basis of the  photosensi t iza t ion of 
mammal i an  cells in v i t ro  by psoralen, one of us 6 suggested 
a damage  to nucleic acids. F r o m  the results  of develop-  
m e n t  of mu tan t s  in Sarcina lutes af ter  photosensi t iza t ion 
by  a skin-photosensi t izing furocoumarin  (8-methoxy-  
psoralen or  xanthotoxin)  an act ion on D N A  was also 
suggested by  MATHEWS T. 

The present experiments were performed in order to 
verify the possibility of a direct interaction between nu- 
cleic acids and furocoumarins. 

From the chemical side, the binding of furocounmrins 
to DNA and RNA was investigated. From the biological 
side, the inactivation of animal viruses was tested by ir- 
radiation, with long-wave ultraviolet light (3655 A), of 
furocoumarin treated virus suspensions. 

On the binding of furocoumarins to DNA, some data 
were obtained a few years ago by the equilibrium-dialysis 
method in. Now the problem has been reinvestigated de- 
termining the solubilization of furocoumarins in aqueous 
solutions of DNA and RNA",". Control was made (by 
means of high-speed centrifugation) to make sure that not 
one colloidal suspension was formed, as in the case of 
benzpyrene  l,. 

The  results  obta ined,  summar ized  in the  Figure  and in 
Tab le  I, c learly conf i rm the  preceding da t a  ~,, indicat ing 
t h a t  the  furocoumarins  have  a specific capac i ty  of binding 
to D N A  : however,  a binding to  R N A  also occurs to a much 
lesser extent .  

The  abi l i ty  of binding to D N A  does no t  seem conclu- 
sive for explaining the  mechanism of the  skin-photosensi-  
t iza  t ion,  since such a p roper ty  has  been shown ei ther  by  
skin-act ive or  inact ive  furocoumarins,  as it  appears  from 
Table  I. 

I n  the  exper iments  of  virus  photo- inac t iva t ion ,  three 
D N A  viruses [ Pseudorabies virus (PrV), Infectious Canine 
Hepatitis virus (ICHV), Fowl Pox virus (FPV), Pigeon 
strainJ and three  R N A  viruses [New Castle Disease virus 
(NDV), Foot and Mouth Disease virus (FMDV) C type, 
Teschcn Disease virus (TDV), M6dling strainJ were tested 
by  de termining  the infec t iv i ty  t i ters  af ter  furocoumarin  
t r e a t m e n t  of v i ra l  suspensions, followed by  i r radia t ion 
wi th  long wave leng th  UV-l ight  (3655 A). 

The  results are summarized in Table  I I .  T r e a t m e n t  in 
darkness  wi th  psoralen, the most  ac t ive  na tura l  furo- 
coumarin,  had no effect on the  infec t iv i ty  t i ters  of all the  
viruses so far tested, while i r radiat ion (without  psoralen) 
a t  the above wavelength  appeared not  to affect  virus in- 
fect ivi ty .  

On the  cont rary ,  af ter  i r radia t ion  a t  3655 A of psoralen- 
t r ea ted  v i ra l  suspensions, the  first  th ree  (DNA viruses) 
were i nac t iva t ed ;  for the  o the r  three  ( R N A  viruses) the  
exper imenta l  t r e a t m e n t  appeared  to be qu i te  harmless,  
in spite of a longer  per iod of i r radiat ion.  

However ,  p re l iminary  expe r imen t s  show t h a t  d i f ferent  
condi t ions  of t r ea tment ,  such as those  used by  MELNXCK 
et  al. wi th  o ther  p h o t o d y n a m i c  substances  17,18, seem to 
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The solubility of bergapten in water and in aqueous solutions of 
DNA and RNA, The DNA was extracted from calf thymus (P ffi 
7.32% ; N/P = 1.68); RNA (from yeast) was furnished by Sigma 
Chemical Company. The intimate suspensions of bergapten in water 
and in aqueous solutions of DNA and RNA were shaken for 4 h in a 
thermostatic bath at 20°; after centrifugation st 12,000 g for 40 rain, 
the concentration of furocoumarin in the supernatant was determined 
spectrophotometrically. The concentrations remained unchanged also 
after centrifugation of the solutions at 100,0(~) g for 2 h {see Is). 
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Table I. The solubility of some f~umarlns in water and in 0.2% DNA and RNA solutions; experimental conditions as in the Figure 

Furocoumarins Solubility pg[ml Solubility ratio 

Water DNA RNA Solublein I)NA Solublein RNA 
0.2% 0.2% Soluble in HsO Soluble in HsO 

Psoralen 35.4 77.2 
Bergapten 5.0 28.4 
Xanthotoxin 38.05 151.5 
4'*Methyl-psoralen 5.4 16.9 
5', 4, 8-tri-methyt-psoralen 3.5 27.7 
Angelicin 41.5 120.9 
Bergaptol~ 22.4 78.I 
Imperatorin • 8.08 1"2.1"2 

42.4 2.18 1.19 
8.2 5.68 1.64 

38.3 4.2l 1 .o2 
5.4 3.12 1.0o 
2,8 7.87 0.80 

37,8 2.9 ! O.t~ 1 
38.8 3.39 ! .66 

7.4 1.50 0.89 

s Inactive on the skin. 
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Table II. Infectivity titer of various viruses after treatment with psoralen 

EXPERIENTI& XXI/I 

Virus Virus Infectivity titer, neg. log I0~ Time of 
titration irradia- 
system a Irradiated b Psoralen~ Psoralen tion in 

without treated treated~ min 
Psoralen without and 

irradiation irradiation b 

1 Pseudorabies PK cells 5.4 5.4 1.0 80 
2 Infectious canine hepatitis DK ceUs 4.5 3.7 1.7 80 
3 Fowl pox {pigeon strain) Chick embryo 2.6 2.2 1.0 90 
4 Teschen disease PK cells 6.2 6.2 6.2 100 
51 New Castle disease ~ Chick embryo 7.0 7.5 7.7 120 
52 New Castle disease. PK cells 5.7 6.2 5.7 120 
53 New Castle disease f Chick embryo 6.2 6.0 5.7 120 
54 New Castle disease f P K cells 4.2 4.5 3.7 120 
6 Foot and mouth disease CK cells 5.75 5.75 4.24 90 

(type C) 

a REED and MUENCIt'S method (Am. J. Hyg. 27, 439 (1938)). ~ 3 ml of viral suspension in 60 mm Petri dishes, opened, were irradiated 
by an analysis quartz lamp original Hanau, rood. Q-500, with 366 m/z filter, at 25 cm of distance, at room temperature. ~ Psoralen was 
added to the viral suspension at the final concentration of 18.7/~g/ml (10-6M). a PK = established line of pig kidney cells (W, A. MALM- 
QmST, Am. J. vet. Res. 28, ~41 (1962)); DK ceils = primary culture of dog kidney cells; CK cells = primary culture of calf kidney cells. 
, Chick embryo stock, f Cell culture stock. 

make  also RNA-vi ruses ,  t r e a t e d  b y  fu rocoumar ins ,  pho t o -  
sensi t ive.  

F u r t h e r  resea rch  is in progress ,  b o t h  in t he  field of cell 
pho tosens i t i za t ion  and  virus pho to inac t i va t i on ,  and  in the  
field of in te rac t ion  b e t ween  Iu rocoumar ins  and  D N A  af te r  
UV-i r rad ia t ion ,  w i th  the  aim of c lar i fying the  m e c h a n i s m  
of the  biological pho tosens i t i za t ion  b y  furocoumar ins .  

Riassunto. Le fu rocumar ine  possono legarsi in v i t ro  al 
D N A  ed, in  mi su ra  mol to  minore ,  a l l 'RNA.  P e r  i r radia-  
zione U V  (3655 A) in  p resenza  di  psora lene ,  t r e  v i rus  a 

D N A  sono s t a t i  ina t t iva t i ,  m e n t r e  nessun  ef fe t to  ~ s t a to  
n o t a t o  su a l t r i  t r e  virus  ad R N A .  

L. MUSAJO, G. RODIGHIERO, G. COLOMBO, 
V. TORLONE, and  F. DALL'AcQUA 

Istituti di Chimica Farmaceutica e di Istologia ed 
Embriologia dell' Universitfi di Perugia ed Istituto 
Zoopro/ilattico per l'Umbria e le Marche, Perugia (Italy), 
Ju ly  27, 1964. 

E v i d e n c e s  of a P h o t o r e a c t i o n  of the  
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 s  w i t h  D N A  and 
w i t h  P y r i m i d i n e  N u c l e o s i d e s  and N u c l e o t i d e s  1 

In  connec t ion  wi th  our  researches  on the  m e c h a n i s m  of 
ac t ion  of t he  sk in -pho tosens i t i z ing  fu rocoumar ins  2, we 
have  pub l i shed  a no te  3 on t h e  in t e rac t ion  of fu rocouma-  
f ins  w i t h  nucleic acids.  

We  h a v e  found  t h a t  t h e  fu rocoumar ins  h a v e  a specific 
capac i ty  of b ind ing  to  DNA,  while the i r  b ind ing  to  R N A  
occurs  to  a m u c h  less ex t en t .  No re la t ionsh ip  exists ,  
however ,  b e t w e e n  such  a p r o p e r t y  (which opera tes  in 
absence  of a n y  i r radia t ion)  and  the  sk in -pho tosens i t i z ing  
a c t i v i t y  of fu rocoumar ins ;  b o t h  ac t ive  and  inac t ive  
tu rocoumar ins  are  able to  b ind  to  DNA.  

W e  h a v e  also no t i ced  t h a t  i nac t iva t ion  of some D N A -  
con ta in ing  viruses  occurs  a f te r  i r r ad ia t ion  w i t h  long-wave  
UV- l igh t  (3 655 A) in t he  presence  of psoralen,  t he  mos t  
sk in-ac t ive  furocoumar in .  

Now we have  inves t iga ted  the  modi f ica t ions  occurr ing  
in t he  D N A  and  fu rocoumar in  solut ions,  w h e n  t h e y  are 
i r r ad ia ted  wi th  long-wave  UV-l ight .  

No s igni f icant  resul ts  h a v e  been  ob ta ined  b y  examin ing  
the  var ia t ions  of viscosi ty ,  U V - s p e c t r a  and  r o t a t o r y  
power  of t he  D N A  solutions,  when  i r rad ia ted  b o t h  in the 
presence  and  absence  of furocoumar ins .  

On the  con t ra ry ,  we found  a s t rong  modi f ica t ion  of the 
f luorescence s p e c t r u m a f te r  i r r ad ia t ing  solut ions  of DNA 
and  of some iu rocoumar ins  b y  long-wave  U V - l i g h t  

F igure  1 r e p o r t s  t h e  f luorescence spec t r a  of a solut ion 
of D N A  and  psoralen,  before  and  a f t e r  i r radia t ion ,  as de- 
t e r m i n e d  b y  an  A m i n c o - B o w m a n  spec t rophotof luor i -  
mete r .  There  is an ev iden t  sh i f t  of t he  m a x i m u m  from 
450 m/~ to  400 m/~, and  an increase of t h e  f luorescent  in- 
t ens i ty .  

The  f luorescence s p e c t r u m  of psoralen,  i r r ad ia t ed  alone, 
does no t  show a s imilar  change,  as appears  f rom Figure  2. 

1 This study was presented at the IV International Photobiology 
Congress, Oxford, 26-30 July 1964. 
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