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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). 
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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 



2 ~  SHORT COMMUNICATIONS 

quite in~.n.-itive to their initial assumption, and therefore do not support it. The 
interpretation by T o L ~ c a  2 of his own experiments rests on the same fallacy; he 
also quotes, in support, STEXT AND ~,VOLLMAN s, PUCK, GAREN AND CLINE 4, DELBRgJCK $ 
and SCHLESINGER 4. Of these, PUCK eta/. quote DELBRUCK and St~HLESINGER, basing 
their conclusion on "extremely high reaction rates". DELBRf~'CK uses a correct equation 
identical with Eqns. 32 and .34 of COLLI.~S 7, but rightly did not draw any explicit 
conclusion about the collision efficiency. Nor does SCHLESINGER appear to make any 
pronoancement on collision efficiency. STENT AND ~VOLLMAN 3 use a ~'rong eq,xation, 
supposed to be derived from the treatment of SMOLUCHOWSKIS; th~s error, which may 
have been derived from SVESHN1KO~'F e, is noted by COLLINS AND KIMBALL 10 who, 
~Sth COLLL~S ~, have given an exact treatment of the problem. Attention is drawn 
to the latter authors' work, which will be quoted later; but meanwhile a simple and 
less precise argument may help to make the l~int. 

Consider the diffusion of particles, ~,~- . . . . . . . . .  .~,t,.~ concentrahon c o (particles/cmS), from 
an infinite medium to a plane surface with which they collide and to which they 
may adhere. The concentration of particles immediately adjacent to the surface is c"; 
this is less than c o and, provided that it is much less. c' may be taken as constant 
in expressing the diffusional flux to the surface, and the diffusional flux can be equated 
to the rate of successful collision. Now the diffusional flux • can be expres~d in 
terms of the macroscopic diffusion coefficient D 

= (co - -  c ' ) J ~ -  O) 

,Mternatively, D may be replaced by the microscopic expression ~2v,tz, where ~t is 
the mean-square unit jump-length of particles measured at right angles to the sui'face 
and v is the jumping frequency. The collision rate r is expressible only in microscopic 
terms as 

r = - -  ( z )  
2 

,~here ~ is the mean jump-length. The rates of diffu~inn and nf ~-ccessful co!lision, 
,, being the collision-~ciency (the fraction of collisions leading to adhesion to the 
surface), can now be equatecl, necessarily in terms of nficr¢~copic quantities: 

l ,~,, 

For an ideal gas the ratio ~/~/'~ is ~/z-and we shall not be seriously wrong in taking 
this value. Eqn. 3 then becomes, with rearrangement 

- - - -  z = = ~ (4 )  

Now the value of ~ (Eqn. I}. width is the rate of adsorption of particles on 
the surface, does not depend to a mea_~wahle degree on ¢" when cole" i s  g r e a t e r  t h a n ,  

~ y .  lop. Thp t'.ml..e of mea~.!rement will not 1,,,rrnaEy be less than xoo s¢¢. A rough 
estimate of  v m a y  be obtained f:~xt Eqn. to 9 of G ~ . ' ~ E .  LAIDLIrIt AND EYItlNG u 
(ammmingt lmtF*lF = x) as zom ,~.¢-t. Inserting t h e ~  va ln~  into Fain. 4. it is m m  
that the value of  , t  h a s  n o  appreciable effect on the ~ rate provided that 

O, e c t i .  ~. Am,. e6 006~ = ~ ¢ l h  
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at > IO-* for  l = io-* s e c  o r  2 > I O  - 5  f o r  l = I O  1 s e c .  I n  o t h e r  words ,  an  expe_rimez~_t_ 

o i  t h i s  t y p e  c a n n o t  d o  m o r e  t h a n  d e m o n < I r a t e  t h a t  tile col l is ion effit ic-ncv is no t  le~s 

t h a n  I O - l - I O  -5. 

T h e  s a m e  conclt~sion can  be  d r a w n  f rom t he  m o r e  exac t  tre;~l.~wnt ,,f C,~L~ INS:. 

F o r  t h e  p l a n e  case  hi~ E q n .  18 can  be  w r i t t e n  

J b -  I ~ i = C O . ~  I (5)  
2D~O.t ~ 

w h e r e  p = ~2/8. I f  D is t a k e n  as  IO ~ cm2 . sec  -x (VALENIIXE AND ALLXsoXl), a n d  

,, ~ I01°, t h e n  g 2 =  2 . i o - m  a n d  p - ~  2 - I 0  -9. F o r  t = I0".  t i le  ~-ecund t e r ' , t  in  t h e  

b r a c k e t  is less t h a n  lO -2 if ~t - /  f f2 -xo  -5. F o r  adsorpti~,r', ,m a s p h e r i c a l  su r face  of 

I a d i u s  R, COLLINS (his E q n .  34) o b t a i n s  

zR 
¢~ = 4 ~ D c o R ' - - - -  (6) 

xR -:. p 

F o r  R ---- 5" IO- t  c m  (cells in  t i s sue  cu l t u r e )  or  R - -  5" IO-5 c m  (bac te r i a )  t tw  f r ac t i on  

in  E q n .  6 d i f fers  f r o m  u n i t y  b y  les.~ t h a n  I °o ( and  q~ is s e n s i b l y  i n d e p e n d e n t  of ~) 

if  at is  g r e a t e r  t h a n  4" I ° - t  or  4 ~ IO -~, r e s p e c t i v e l y  
One  m u s t  c o n c l u d e ,  t h e r e f o r e ,  t h a t  e v e n  in t h e  m,)~t f a v o u r a b l c  ca~c of co!Ii.~ion 

w i t h  s m a l l  s p h e r i c a l  o b j e c t s ,  t h e  col l is ion ef f ic iency can  b e  measured o n l y  if i t  is con -  

s i d e r a b l y  less  t h a n  IO -~. E v e n  so, t h e  v a h w  wou ld  be  s u b j e c t  t o  a c o n s i d e r a b l e  u n -  

c e r t a i n t y  becat~se of o u r  p r e s e n t  l ack  of  e x a c t  know]cdgc  of :.~'ach mic roscop ic  q u m l i -  

t i e s  a s  t h e  j u m p - l e n g t h  a n d  t h e  j u m p - f r e q u e n c y .  

S ince  s ~ b m i s s i o n  of t h i s  p a p e r  i t  h-..~ c o m e  to  t h e  a u t h o r ' s  no t i ce  t h a t  KOCH 12 

h&s a l r e a d y  ~ i a t e d  c l e a r l y  t h e  m a i n  ¢:~,nc!adons of t h i s  note ,  
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