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SC 2224 
Excitation transfer and carcinogenesis 

I t  has been suggested recently by BIRKS l that the inducuon of c,:~cer by c,,njugat.'.-d 
hydrocarbons could be the consequence of : t;ar...ff.r of e-~..-.itazL ~ ~ . r~ergx by re:onance 
from tryptophan to the carcinogen, following the formati .n ,,I a protein -carcm,~gcn 
complex. 

The p.~bability" of a dipole-dipole energy transfer i . . . .  :c.~di.;¢ t,, FGi~sTr:rc's 
theory2, a, proportional to tl 'e overlap integral: 

J = ~fs~2)t~(~.)k.4d2 

where fs(~;,) is the quantum intensity of the fluorescence emission of t ryp t ,phan  and 
ga(,:.) the molar extinction coefficient of the hvdrocarl~,n. 

In fact, in order to account for the results which showed that the large non- 
carcinogenic hydrocarbons, pentacene and pemaphene, have high value~ of j (and 
obs_'rxJng that this is due to the strong overlap of their second excited singlet with 
the t ryptophan emission) BmKs postulates that it i~ only the fraction J~ of the overlap. 
co~esponding to the first excited singlet of the hydrocarbon, which should be important. 

The values of J l  for 17 unsubstituted aromatic hydrocarbons and for the methvl 
ated derivatives of benzanthracene were considered by BtRKS as showing a satisfactory 
correlation with carcinogenic activity, the only exception being 3.4-benzphenanthrene 
(active, although having a very small J1 ). A closer examination of BI~A<s' data show~. 
Lcwever, that  in fact there are two more excet, tions in them: anthracene which is 
inactive in spite of having J r  larger than that  of btnzanthracene, and t,2,7,S-dibenz- 
anthracene (active although his J t  - -  I5o instead of the value of cef. t). 

In order to check further the validity of BmKs' proposal, we have evaluated J 
for all the remaining fundamental aromatic hydrocarbons which have been tested 
for carcinogenic activity and who~  absorption spectra were availablO. These 21 mol- 
ecules include the two weakly carcinogenic z,2,5,6- and t,2.3,4-dibenzphenanthrenes, 
the very potent 3,4,9,to-dibenzpyrene and 18 inactive compounds. We have also 
calculated J l  values for typical isomeric members of the two benzacridine series which 
differ strikingly in activitx ~. ". (Our evaluation of J~ for benzanthracene is ba~ed on 
the spectrum of this compound given by NoR.~A.'c-JoxEs ~ which ~ems  to be the best 
available one. This fixes the thresh,Jd value for .It at 2ooo instead of 135o used by 
Brags. This technical detail is, however, of no importance in the following discussion.) 

The results presented in Table I lead to a few important conclusions. Thus, in 
the first place, although BmKS has taken the precaution of stating that his correlation 
m ay  not be the only factor responsible for carcinogenic actix'itx" but may operate in 
conjunction with the necessity nf formation o. ~ a carcinogen-protein complex, it 
must neverthek~s be ~tressed (because this ~ituation is not apparent in his data) tkal 
the correlation which he proposes is completely unable ~.o distinguish between the 
active and inactive compounds. Thus, the two active diben~henanthrenes have J t  
values inferior to  the  threshold value, while two of the thr-e inactive dibenzphenan- 
thrtmes have J t  walrus superior to the thrt.*,hoid value. T~,e extremely potent carci- 
nogen 3,4,9,to-dibenzp~rene has a ~e D" low value of J t  much smalk-r than the 
threshold. All the ~a~fining inacti',e h~xlrocarMns composed of five or six fused 

° T I~  absocptioa s p ~ t r l  ol I ~ ~  w ~  kindly oc~muntcated to US by A. M A T T H I E U -  

Cm~t~rt~. 
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TABI.E I 

VALUES OF J 1  IN HYDROCARBONS AN'D BENZACRIDINES 

, C¢~,cittr, fent~ 
Compouwd a ~ ~cti':*ty 

l, 2- Benzanthracene 200o ~- 
.. 2. ~. : ..... -~ -~pi.enanthrene x 38o 
I, 2.3, 4 ,-Dibenzphenanthrene l 2oo m 
3,4,9.1o-Dibenzp•arene :~.~ + + + + 
P3-rene 170 - 
Naphthacene 600 - 
3,4.5.6-Dibenzp henanthrene 35o - 
2,3, 7,8-Dibenzphenanthrene 34oo - 
2,3,5,b-Dibenzphenanthrene 2 IOO -- 
Perylene 4 Ioo - 
x,2-Benznaphthacene 3~oo - 
1.2.6,7-Dibenzpyrene 135 ° - 
3,4,6, 7 - Dibenzp3 ~re ne 590o - 
2,3-Napht| 'o-3,4-pyrene 84oo - 
Anthanthrene 420o -- 
i. 2,3.4,$,6-Tribenzanthracene 4 ioo -- 
I, 2,7,8- Dibenznaphthacene 6500 -- 
s.2,9,1o-Dibenznaphthacene 370o -- 
3,4-Eenzpentaphene loooo - 
2'. l ' -Anthra-  i .2-anthracene 430o -- 
2,3, 8.9-Dibenzperylene 83oo -- 
3,4.0. so- Di(2",3"-naphtho)-pyrene 4600 -- 

2-Methyl-5.6-benzacridine 3ooo - 
l o-Methyl-5,6-benzacridine 36o0 -- 
2, to-Dimethyl- 5.6-benzacridine 38oo - 
2do-Dimethyl-7.8-benzacridine 3400 + + + 
3. xo-Dimethyl-7.8-benzacridine 33 °0  + + 

b e n z e n e  r ings ,  w i t h  o n e  e x c e p t i o n  on ly ,  h a v e  J l  v a l u e s  g r e a t e r  t h a n  t h e  t h r e s h o l d .  

Moreove r ,  t h e  t h r ~  i n a c t i v e  5 , 6 - b e n z a c r i d i n e s  a n d  t h e  t w o  a c t i v e  7 , 8 - b e n z a c r i d i n e s  
h a v e  J t  va lues  ~f t h e  s a m e ,  r e l a t i v e l y  lfigh, o r d e r  of  m a g n i t u d e ' .  

B m K s '  c r i t e r i o n  c a n n o t  t h e r e f o r e  d i s c r i m i n a t e  b e t w e e n  a c t i v e  a n d  i n a c t i v e  

c o m p o u n d s .  A t  m o s t  i t  cou ld  b e  c o n s i d e r e d  as  o n e  of  t h e  n u m e r o u s  c o r r e l a t i o n s ,  

whose  s ign i f icance  is u n c e i t a i n  if n o t  d u b i o u s ,  w h i c h  h a v e  b e e n  s h o w n  t o  e x i s t  i n  

t h e  l i m i t e d  ser ies  of t h e  a c t i v e  m o l e c v l e s  b e t w e e n  t h e i r  c a r c i n o g e n i c  p o t e n c y  a n d  

d i f f e r en t  p h y s i c o - c h e m i c a l  c h a r a c t e r i s t i c s " .  I n  fac t ,  e v e n  f r o m  t h a t  p o i n t  of  v iew,  
BmKS'  c o r r e l a t i o n  is less s a t i s f a c t o r y  t h a n  s o m e  o t h e r s .  T h e  case  of  t h e  v e r y  ca rc i -  

nogen i c  3 , 4 , 9 , x o - d i b e n z p y r e n e  is p a r t i c u l a r l y  i l l u m i n a t i n g  in  t h i s  c o n n e c t i o n :  t h i s  

c o m p o u n d  b e h a v e s  f rom t h e  v i e w p o i n t  of  J r ,  e x a c t l y  a s  does  t h e  i n a c t i v e  p e n t a p h e n e  
a n d  for  t h e  s a m e  reasons .  

T h i s  l ~ t  e x a m p l e  l eads  us  t o  u n d e r l i n e  t h e  o b v i o u s  s u p e r i o r i t y  of  t h e  K - L - r e g i o n s  

t h e o r ,  ot  c a r a ~ t s * , '  w h i c h  a c c o u n t s  i m m e d i a t e l y ,  for  e x a m p l e ,  f o r  t h e  d~fiet-  

e n c e  in  a c t i v i t y  b e t w e e n  t h e  t w o  q u o t e d  c o m p o u n d s .  I n  f ac t  t h i s  l a s t  t h e o r y  perm:- ts  

w i t h  very. few e x c e p t i o n s ,  b o t h  to  ~elect  t h e  a c t i v e  a n d  i n a c t i v e  c o m l m e n d s  a m o n g  

* This  recruit i t  further tmbstaAtiated ~ :-,_x, a t  cak-ula t io~ of J t  tin" some other" mtmti tuted 
and h e t e m c y d k  ¢arciaottem (J. D. M t t m t v .  ,'?/od~/--. B/optv~. Aa4.  64 ~t962) ~ D :  6 mat of 
the  t4  c o m p o u n d s  ~ ~ to  obey  i~z~s"  cm~la t ioa .  

" ' S u c h  Umitt6 ¢mvettV.mm revolve e.g. the ioaha t i ea  potential  oi the  can:iaollea of the  
~ :  of the ,~---t~xmic tnmaitiom to the lowest e~ ' i ted  ~l:ate j .  
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al l  those quoted  by  BmKs and here, and. to  account moreover  for t~e re la t ive  potenci.~s 
of  t he  ac t ive  molecules. I t  in t roduces  expl ic i te ly  the requi rev ; - -zs  for b i rd ing  which 
is app rop r i a t e  for carcinogenesis (binding through the K rec~,,ni and differentiates 
i t  f rom o ther  t ypes  of b inding (in par t i cu la r  through the I. re~on'~ which are not 
app rop r i a t e  for carcinogenesLs. Moreover, re lat ing carcin,,e,~.ic ac t iv i ty  z,. ,~,,-,tical 
and  biochemical  reac t iv i ty ,  it meres in tx, t t e r  direct  relatioT~ x~5th the protein-delet ion 
hypothes is  s or  with s imilar  theories of a direct  in terac t ion  of the carciaoger_ ".~4th 
nucleic acids  ~ than  are  the  "phys ica l"  theories of the  type  di~u_s~d abcwe, a t  least 
in ~ far as  these theor ies  do not  suggest a n y  explici t  mechanism ,,,r tl,, p,, 1.~ .,. 

of tumors .  A damage  produced in a protein  implicated in growth-contrail or d i rec t ly  
in a nucleic acid b y  a chemical  in terac t ion  is the  simpiest  hypothes is  for the mechanism 
of act ion of the  chemical  carcinogens. It,_ soundn, ' - -  is to .-ozae ex*ent . .ubstant ia ted 
b y  the  recent  results  indica t ing  tha t  such m a y  b~ - the mechanism of action of the  
re la ted  mutagens .  

This research was suppor ted  b y  the  gran t  6 I F R I 3 4  ot the D616gat~on Gdn6rale 
la Recherche Scientifique et Technique (Comit6 Cancer et Leuc6mie). 

Ins t i tu t  de Biologic Phvsico-Chimioue.  

z3  rue Pierre Curie, Paris  (France) 
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On uncertainties inherent in the determination of the efficiency 
of collision between virus particles and cells 

Several authors (VALENTINE AND ALLISON 1, TOLMACH 2 all~ .%.'TENT AND ~VoLLMAN a) 
have  recent ly  concluded,  or regarded it as established,  tha t  the  efficiency of collisi,.*,~ 
of v i rus  par t ic les  wi th  cells is near  uni ty .  In  fact the methc~ls u :ed  can only give 
meaningful  values  for the  collision efficiency if this  is less than  Io -a - IO -4, and  are 
insensi t ive to  higher  values.  Apar t  from thL~ l imi ta t ion,  uncer ta in t ies  in the  kinetic 
theory of liqukk~ prevent the exact nreasuremcnt of collision efficiency under any 

condi t ions .  
The l i t e ra tu re  provides  an in teres t ing exampAe of how such a m ~ h  can come 

to be accepted .  Vm.ESTI.~E ASD ALLtSOS l reached the i r  conclusion ~ t l y ;  
although their mattmm,ttic~ are c ~ t ,  they failed to notice that their results are 

~z~/~m. B~pby~. Ada, ~ ~s~$~ zTq-zSs 


