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M e c h a n i s m s  of Transfer  be tween  E n v i r o n m e n t  
and Cell 

In  a r ecen t  publ ica t ion ,  ASCHHEIM 1 as ton ished  himself  
by  rediscover ing  the  fac t  t h a t  adso rp t ion  of the  L a n g m u i r  
t y p e  is formal ly  ana logous  to  t he  conven t iona l  t r e a t m e n t  
of s ingle-s tep  e n z y m e  react ions .  He  seems unaware  t h a t  
th is  was f irs t  po in ted  out  by  HALDANE 2, t h a t  a s imple 
adsorp t ion-ca r r i e r  model  was cons idered  by  REINER in 
1939 s, t h a t  the  ana logy  was  p roved  and  discussed by  
REINER in 19594 and  po in ted  ou t  in the  same year  by  
EDSALL a n d  WYMAN 5. ASCHHEIM also over looks  a large 
b o d y  of p e r t i n e n t  e x p e r i m e n t a l  work,  such as has  come 
from s tudies  wi th  bac te r ia  e,7. 

ASCHHEIM'S conclusion t h a t  ac t ive  t r a n s p o r t  is due to 
adso rp t ion  on in t racel lu lar  si tes is a comple t e  non sequitur.  
I f  the  formal  p roper t i e s  of two  m e c h a n i s m s  are ident ical ,  
i t  is obvious ly  impossible  to  decide  which  mechan i sm holds  
mere ly  by  compar ing  d a t a  wi th  t he  algebraic  relat ions.  
On the  same grounds ,  of course,  the  a l t e rna t ives  re jec ted  
by  ASCHHEIM get  no s uppo r t  f rom such a compar ison .  

This  does no t  m e a n  t h a t  no conclusions a t  all can be 
d r a w n  from proper ly  a r r anged  kinet ic  da ta .  \Ve are  
deal ing wi th  a sys t em of a t  least  two  phases ,  wi th  pe rha p s  
a th i rd  if we coun t  t he  cell surface.  Ignor ing  for the  
m o m e n t  a t rue  enzyma t i c  mechan i sm,  we have  th ree  
possibi l i t ies:  (1) adso rp t ion  on the  cell surface only;  
(2) adso rp t ion  inside the  cell a f te r  en t r ance  by  dif fusion;  
and  (3) en t r ance  into the  cell by  a carr ier .  

(1) Deno t ing  the  to ta l  a d s o r b e n t  by  A t and  ex t ra -  
cellular concen t r a t ion  of the  subs tance  to be b o u n d  by  S e, 
the  s t e a d y - s t a t e  (and also m a x i m u m )  value for mate r ia l  
b o u n d  (by L a n g m u i r  adsorpt ion)  is Cm = A t Se/(S~ + K ) ,  
where  K = k_~/k~ is t he  dissocia t ion c o n s t a n t  of the  ad-  
so rp t ion  complex .  The increase in bound  mate r ia l  wi th  
t ime  is d e t e r m i n e d  by  the  d i f ferent ia l  equa t i on  dC/dt  =~ 
k l S e ( A t - - C ) - - k  1C.  We can solve th is  and  get  
C =  C m { 1 - - e x p ~ - ( h l S e +  k_l) tl}- I t  is unde r s tood  here 
t h a t  S e is i n d e p e n d e n t  of t ime  (main ta ined  c o n s t a n t  by  
some e x p e r i m e n t a l  device).  

(2) If  in t e rna l  adso rp t ion  occurs  a f te r  diffusion across  
the  cell surface,  we deno te  the  in te rna l  free c o m p o u n d  by  
Si, the  o the r  c o m p o n e n t s  as before.  The ra te  of pene t r a t i on  
b y  diffusion across the  surface s is h~ S~ - h~ S i. In  the  
comple te  s t e a d y  s ta te ,  we h a v e  therefore  C ~ -  A t S ~  
(S  i + K ) ,  and  S i ~ H S  e, where  H = hl /h  ~ is the  ra t io  of 
the  pe rmeab i l i t y  coefficients.  Hence  we can  wri te  
C m = A t S~/ (S ,  + K / H ) .  The to ta l  mate r ia l  t a k e n  up is 
C m + S i. If  we assume t h a t  the  carr ier  is a lmos t  a lways  
in the  s t e a d y  s ta te ,  and  follow the  t ime  course as S~ 
approaches  i ts  m a x i m u m  value,  we have  S i = HS~ (1 -- 
e-h~ t), while  C m is as before.  

(3) Le t  the  t o t a l  carr ier  concen t r a t ion  be At .  The 
carr ier  complex  C is fo rmed and  broken  wi th  ra te  con- 
s t a n t s  kx and  k l, and  the  complex  releases free mater ia l  
in t race l lu lar ly  (Si) a t  the  ra te  h2C. The free S i m a y  also 
leak ou t  of t he  cell a t  t he  ra te  h S  i. In  t he  s t eady  s ta te ,  
C m = A ~ S e / ( S  e + K ) ,  and  S~ = K"  C m, where  K ' =  k2/h. 
The to t a l  mater ia l  t aken  up is C m + S i = (K" + 1) C m. 
I f  we let  carr ier  be a lways  in t he  s t e ady  s ta te ,  and  follow 
the  t ime  d e v e l o p m e n t  of free ma te r i a l  Si,  we  get  S i = 
K"  C~  (1 - e-ht), wi th  Cra as before.  

I f  we c o m p a r e  these  resul ts  for t he  s t e ady  s ta te ,  we see 
t h a t  surface adso rp t ion  still  follows a L a n g m u i r  i so therm.  
On the  o t h e r  hand ,  in te rna l  adso rp t ion  a f te r  pene t r a t i on  
by  diffusion has an e x t r a  t e r m  t h a t  is l inear in S~. This  
t e r m  will be smal l  if the  pene t r a t i on  ra te  is small  (small 
H) ;  b u t  t h e  hyperbol ic  t e r m  will also decrease  wi th  H,  
unless  K is ve ry  smal l  or A t ve ry  large. Thus  one would 
expec t ,  in e x p e r i m e n t s  wi th  increasing ex te rna l  con- 

cen t ra t ions ,  to find a concen t r a t i on  curve  for u p t a k e  t h a t  
s t a r t s  like a hyperbo la  but ,  ins tead  of levelling off com- 
pletely,  approaches  a s t r a igh t  line wi th  slope H. In  the  
carr ier  case, the  L a n g m u i r  i so therm form will again occur. 

F u r t h e r  in format ion ,  however ,  comes  f rom t ime  ex-  
per iments .  All cases a p p r o a c h  m a x i m u m  u p t a k e  more  or 
less exponent ia l ly .  Bu t  the  curve  for surface adso rp t ion  
can be wr i t t en  as l n ( 1 - - C / C , , ) = - - ( k l S e +  k t) t in 
order  to get  the  value of the  coeff icient  of t in the  ex- 
p o n e n t ;  this  coeff icient  is a measure  of the  ra te  a t  which 
the  s t e a d y  value is app roached .  The equa t ion  shows t h a t  
th is  will be l inear in S e, not  a cons t an t .  The  t ime equa t ion  
for in t racel lu tar  adso rp t ion  is more  complex ,  bu t  the  com-  
par ison is possible wi th  a s imple  trick. Wr i t ing  U for the  
to ta l  up take ,  

U -- (1 -- e-"~ ~) {H S,. + A t H S e / [ K  + H S~(1 e-".~t)]} . 

The  slope of the  U vs • t curve  is 

d U / d t -  e-h~t {H Seh., + K A t H  Seh2/L K + H S , , ( 1 -  e-I'=t) ] 2} . 

In  th is  expression,  the  t e rm in square  b racke t s  will ap-  
p roach  ( K  ~- H Se) 2 with  increasing t ime;  t hus  l n (dU/d t )  
will a p p r o a c h  const .  -- h 2 t. The  co r respond ing  funct ion  
for the  surface adso rp t i on  case, ln(dC/dt ) ,  will a p p r o a c h  
const .  - (k 1 S e + k_~) t. Th us, if we plot  tn (dC /dt) or l n ( d U  /dt) 
respec t ive ly  aga ins t  t ime,  the  l imit ing slope will be 
d e p e n d e n t  on S e in the  one case, i n d e p e n d e n t  in the  
other .  As for the  carr ier  case, it  will have  a unique  
p rope r ty ,  since U =  Cn, [K ' ( I  - e -ht) + 1]: t h e  U - -  t 
curve,  careful ly  e x t r a p o l a t e d  back  to t ~ 0, will no t  ap-  
p roach  a zero value, bu t  the  finite value C m. This  in ter-  
cept  m a y  of course be diff icul t  to d e t e c t  if A t is ve ry  
small  while K '  is very  large. E v e n  in th is  case, the  dis- 
c r imina t ion  is possible:  we will have  d U / d t  -- K ' C , n h e  -ht, 
which  will have  a l inear p lo t  of l n (dU/d t )  aga ins t  t j u s t  
like the  surface adso rp t i on  case, b u t  wi th  a slope in- 
d e p e n d e n t  of Se, whereas  the  co r respond ing  plot  for 
in t racel lu lar  adso rp t ion  will be curved,  and only  a p p r o a c h  
a s t r a igh t  line for suff ic ient ly  large values  of t. 

Combina t ions  of m e c h a n i s m s  m i g h t  occur :  e.g., a sur-  
face carr ier  m e c h a n i s m  followed by  in ternal  adsorp t ion .  
There  is a novel  fea ture  in the  s t e a d y  s ta te .  The m a x i m u m  
value for in te rna l ly  bound  mate r ia l  will be 

C,,, = ,4 t B t K '  S~/[itf,, K b + ( K  b + K"  At )  Se], 
where .4 t is the  a m o u n t  of surface carr ier  and  B t t h a t  of 
in te rna l  adso rben t .  Since these  quan t i t i e s ,  in an exper i -  
m e n t  wi th  a mass  of t issue or  a cell suspension,  would  be 
p ropor t iona l  to the  t issue mass,  up t ake  will no longer be 
p ropor t iona l  to t issue mass  as in the  cases previous ly  
considered,  bu t  will va ry  wi th  mass  M as a M2/(b  M + c). 

Rdsumd.  Un essai de choix en t r e  p lus ieurs  m~canismes  
th6or iques  du t r a n s p o r t  act i f  dans  les cellules, darts des  
cond i t ions  d '6qui l ibre  de flux, n ' a p p a r a i t  pas  sa t i s fa i san t  
~t la lumi~re de ce t te  6tude.  l)es analyses  cin6tiques ca- 
pables  de cons t i t ue r  les s6para t ions  d6sir6es en t re  ces 
m f c a n i s m e s  son t  pr6sent6es.  
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