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Summary. The appl icabi l i ty  of the  'd i rect  l inear plot '  is compared  wi th  t h a t  of the  'Sca t cha rd  plot '  for the  es t imat ion  
of p ro te in  b ind ing  paramete rs .  Only, if one class of b ind ing  sites exists  in the  sys tem tested, '  b ind ing  pa ramete r s  m a y  
be e s t ima ted  b y  use of the  'd i rec t  l inear p lot ' .  On the  o the r  hand  the  'ScATCHARD plot '  also provides  es t imates  in 
sys t ems  wi th  more  t h a t  one class of b inding sites. 

Non-coopera t ive  drug-pro te in  b inding m a y  be describ-  
ed in ana logy to  the  law of mass  act ion 4, 2 by  the  equa t ion  

1r 
r = X  ................. (1) 

i l+K,c  

where  r denotes  t h a t  f ract ion of available b inding  sites on 
a p ro te in  molecule occupied by  the  drug, i.e. moles of drug 
bound  per  mole of b inding pro te in ;  n, represents  the  
n u m b e r  of b ind ing  sites in the  i ' th class wi th  the  intr insic  
associat ion cons t an t  K,,  and c is the  concen t ra t ion  of 
u n b o u n d  drug. 

A p lo t  of r/c as a funct ion  of r (ScATCHARD 3) allows the  
es t ima t ion  of Xn~ and  2JnlK~, b y  ex t rapo la t ion  to  t he  x- 
and y-axis.  The individual  pa ramete r s  of each class of 
b inding  sites can  be ob ta ined  by  graphic or algebraic 
procedures4-% Since, in pract ice,  the  a m o u n t  of free and 
bound  drug  is measured  wi th  some inaccuracy,  t he  
'SCATCHARD plot '  heavi ly  weights  exper imenta l  poin ts  
a t  low drug  concen t ra t ion  and  leads to biased p a r a m e t e r  
es t imates ,  unless a great  n u m b e r  of observa t ions  is used. 
PERRIN et  al. 7 descr ibed a s ta t is t ica l ly  unbiased  m e t h o d  
of e s t ima t ing  b inding  cons tan t s  by  means  of a compu t e r  
p rogram,  which  allows for the  inclusion of appropr ia te  
weights  compensa t ing  for va ry ing  precision in the  data .  
While  th is  procedure  necess i ta tes  a great  deal  of calculat-  
ing facilities, a graphical  analysis  provid ing  unbiased  
es t imates  of t he  b inding  p a r a m e t e r s  would be helpful  a t  
least  for p re l iminary  evaluat ions.  

EISENTHAL and  CORNISH-BO'~VDEN 8 in t roduced  the  
'd i rec t  l inear p lo t '  as a new graphical  m e t h o d  for the  un-  
biased es t ima t ion  of enzyme  kinet ic  paramete rs .  I t  was 

also r ecommended  for appl icat ion to b inding  exper iments ,  
since the  analysis  of b inding  da t a  is also derived f rom 
mass- law considera t ions  like the  equi l ibr ium t r e a t m e n t  
of enzyme kinetics.  The 'd i rec t  l inear p lo t '  t r ans fo rms  
equa t ion  (1) - assuming one class of b inding  sites - into 
the  form : 

n 1/K 
1 (2) 

which is of the  general  form:  

x Y 1 (3) 
a + b  

i.e. t i le equa t ion  of a s t r a igh t  line in xy-space wi th  in ter-  
cept  a on the  x-axis  and b on the  y-axis. Correspondingly  
equa t ion  (2) represen ts  a s t ra igh t  line for each observa-  
t ion in the  p a r a m e t e r  space wi th  the  observed values of 
r as in te rcepts  on the  n-axis  and -c on the  1/K-axis.  The 
co-ordinates  of the  po in t  where  the  lines in tersec t  provide  
the  only values of n and 1/K t h a t  sat isfy equat ion  (2) for 
every  observat ion.  Because of the  exper imenta l  error in 
measur ing  r and c, there  are 1/2 m (m-i) in tersect ions  for 
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Fig. 1. Graphical analysis - 'SCATCHARD plot' (left side) and 'direct 
linear plot' (right side) - of drug-protein binding by one class of 
binding sites. Values (Q) ate assumed without (a) or with (b) experi- 
mental error in the measurement of r; the medians of the intersec- 
tions in the 'direct linear plot' are marked by empty circles (O). 
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Fig. 2. Graphical analysis - 'SCATCHARD plot' (left side) and 'direct 
linear plot' (right side) - of drug-protein binding by two classes of 
binding sites. Values (O) are assumed without (a) or with (b) experi- 
mental error in the measurement of r; the medians of the intersec- 
tions in the 'direct Iinear plot' are marked by empty circles (�9 
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m observations.  The best  es t imates  for n and 1/K are the  
medians  of the  individual  intersect ion co-ordinates,  since 
the median  as the  non-paramet r ic  analogue of the  ari th-  
met ic  mean  does no t  require  accurate  knowledge of the 
appropr ia te  weights  of the  exper imenta l  deviat ions from 
the expec ta t ion  value  9 

The graphical  analysis of binding da ta  by  the  'direct  
l inear plot '  is compared  wi th  the  'SCATCHARD plo t ' :  In  
Figure  1 a single binding ciass wi th  n 1 - -  2 and K 1 -- 6 
was assumed. Da ta  wi thou t  var iance  due to exper imenta l  
error (Figure la) lie on a s t ra ight  line in the 'ScATCHARD 
plot '  and give lines wi th  only one common intersect ion in 
tile 'd i rect  l inear plot ' .  W h e n  the  observat ions  are subject  
to error, for instance in the  measurement  of r (Figure lb),  
the  points  devia te  f rom the  s t ra ight  line in the  'SCATCH- 
ARD plot ' ,  whereas  the  'd i rect  l inear plot '  yields different  
intersect ions for each pair  of observat ion lines and the  
median  of the  ind iv idual  intersect ion co-ordinates is 
adopted  as an unbiased es t imate  for the binding para-  
meters.  

Tile assumpt ion of a second class of binding sites 
(n 2 = 10, K~ -- 0.3) and da ta  wi thou t  exper imenta l  error 
(Figure 2a) leads to a curvi l inear  regression line in the 
'ScATcI~ARD plot '  and to a scat ter  of the  intersect ions in 
the  'd i rect  l inear plot ' .  The  co-ordinates of the intersect ion 
median  (6.7 for n and 0.58 for 1/K) are somewhere  be- 
tween the  values of n 1 and *z 2 and of 1/K 1 and 1/K 2, 
respect ively.  The individual  binding parameters  cannot  
be der ived f rom the  in tersect ion co-ordinates,  since the  
binding equa t ion  (1) for two classes of b inding sites cannot  
be t ransformed into the  general  form (3). 

in  addi t ion  to the  d i sadvantage  t h a t  the  binding para-  
meters  of more than  one class of binding sites cannot  be 
es t imated  f rom the  'd i rect  l inear plot ' ,  this procedure  
does not  even  provide informat ion  whether  the  experi-  
menta l  da ta  m a y  be described by  a model  consist ing of 
only one or  more binding classes, when da ta  wi th  the  
usual expermimenta l  var iance  are used (Figure 2b). The  
scat ter  of intersect ions in the  case of one class of b inding 
sites (Figure lb) and in t h a t  of two classes of binding sites 
(Figure 2b) is similar and the  two si tuat ions cannot  be 
d i s t ingu i shed  from each other,  while the  'ScATCHARD 
plot '  displays clearly by  non- l inear i ty  the deviat ion f rom 
the simple case of only one binding class in a non-cooper-  
a t ive system. 

Therefore,  the  'direct  l inear plot '  m a y  be useful for 
es t imat ion of binding parameters  in tile l imited number  
of cases, where only one class of binding sites exists, bu t  i t  
is no t  sui table to decide whether  the  scat ter  of inter-  
sections is b rought  about  by poor precision of da ta  or by  
existence of more than  one class of binding sites. In  con- 
trast,  the  'SCATCHARD plot '  differentiates be tween drug 
binding to only one and tha t  to more than  one class of 
binding sites and permi ts  the  es t imat ion of binding 
parameters  in bo th  cases. 
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