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Equation: One site -- Specific binding

Introduction

In a saturation binding experiment, you vary the concentration of radioligand and measure binding. The
goal is to determine the Kd (ligand concentration that binds to half the receptor sites at equilibrium) and
Bmax (maximum number of binding sites).

The ligand binds not only to receptors sites, but also to nonspecific sites. There are three approaches
to dealing with nonspecific binding.

• Subtract off the nonspecific, and analyze only the specific binding. Read on for this

approach.

• Analyze the total binding only, inferring the amount of nonspecific binding from the

shape of the total binding curve. Learn more.

• Globally analyze the total and nonspecific binding at one time. Learn more.

Step by step

Create an XY data table. Enter radioligand concentration into X, and specific binding into Y. If you have
several experimental conditions, place the first into column A, the second into column B, etc.

An alternative approach would be to enter total binding into column A, and nonspecific into column B.
Then use the Remove Baseline analysis to subtract column B from column A, creating a new results
table with the specific binding.

From the table of specific binding, click Analyze, choose nonlinear regression, choose the panel of
Saturation Binding equations, and choose One site specific binding.

Model

Y = Bmax*X/(Kd + X)

Interpret the parameters

Bmax is the maximum specific binding in the same units as Y. It is the specific binding extrapolated to
very high concentrations of radioligand, and so its value is almost always higher than any specific
binding measured in your experiment.

Kd is the equilibrium binding constant, in the same units as X. It is the radioligand concentration needed
to achieve a half-maximum binding at equilibrium.

Create a Scatchard plot



10/14/13 Equation: One site -- Specific binding

www.graphpad.com/guides/prism/6/curve-fitting/reg_one_site_specific.htm?toc=0&printWindow 2/3

Before nonlinear regression was available, investigators had to transform curved data into straight
lines, so they could analyze with linear regression. One way to do this is with a Scatchard plot, which
plots specific binding vs. the ratio of specific binding to the concentration of free radioligand.

If you create a Scatcahrd plot, use it only to display your data. The human retina and visual cortex
evolved to detect edges (straight lines), not rectangular hyperbolas, and so it can help to display data
this way. Scatchard plots are often shown as insets to the saturation binding curves. They are
especially useful when you want to show a change in Bmax or Kd.

Don't use the slope and intercept of a linear regression line to determine values for Bmax and Kd. If you
do this, you won't get the most accurate values for Bmax and Kd. The problem is that the
transformation distorts the experimental error, so the data on the Scatchard plot do not obey the
assumptions of linear regression. Use nonlinear regression to obtain the most accurate values of Kd
and Bmax.

To create a Scatchard plot from your specific binding data, use Prism's Transform analysis, and
choose the Scatchard transform from the panel of biochemistry and pharmacology transforms.

To create a Scatchard line corresponding to the nonlinear regression fit, follow these steps:

1.Create a new XY data table, with no subcolumns.

2.Into row 1 enter X=0, Y=Bmax/Kd (previously determined by nonlinear
regression).You need to do the calculation manually, and enter a number.

3.Into row 2 enter X=Bmax and Y=0. Again enter the number into the X column, not
the text 'Bmax'.

4.Note the name of this data table. Perhaps rename it to something appropriate.

5.Go to the Scatchard graph.

6.Drag the new table from the navigator and drop onto the graph.

7.Double-click on one of the new symbols for that data set to bring up the Format
Graph dialog.

8.Choose to plot no symbols, but to connect with a line.

 

Notes

• This is not the best way to determine Bmax and Kd. It is better to globally fit total and

nonspecific binding, without subtracting to compute specific binding.

• When making a Scatchard plot, you have to choose what units you want to use for

the Y-axis. Some investigators express both free ligand and specific binding in cpm so
the ratio bound/free is a unitless fraction. While this is easy to interpret (it is the

http://www.graphpad.com/guides/prism/6/curve-fitting/reg_one_site_fit_total_and_ns.htm
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fraction of radioligand bound to receptors), an alternative is to express specific binding
in sites/cell or fmol/mg protein, and to express the free radioligand concentration in
nM. While this makes the Y-axis hard to interpret visually, it provides correct units for
the slope (which equals -1/Kd).

© 2013 GraphPad Software, Inc. All rights reserved.
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Introduction 
If binding of a ligand to one site on a macromolecule influences 
the affinity of other sites, the binding is said to be cooperative. 
Such cooperativity can be positive (binding at one site increases 
the affinity of others) or anticooperative (if the affinity of other 
sites is decreased). Such effects may be evaluated by the Hill 
coefficient (n) which is an index of the cooperativity. 1 The value 
of the Hill coefficient can be useful as a diagnostic test for 
binding type. If n = 1, the binding is noncooperative and all the 
sites are identical. If n > l ,  the binding must be positively 
cooperative (there is interaction between sites). If n < 1, the 
macromolecule either has more than one class of sites, or the 
binding is anticooperative (negatively cooperative). 2 

Here,  a way of calculating the Hill coefficient is presented by 
using the Scatchard 3 and KIotz 4 plots and a hypothetical and 
consistent model is offered for calculating n from Scatchard, 
KIotz and Hill plots. 

Hill, Scatchard and Klotz plots 
The logarithmic expression of the Hill equation 5 is 

Y 
In - InK + nln [A] (1) 

1 - Y  

By plotting In Y/1 - Y versus In [A] (The Hill plot) we should 
obtain a straight line with slope n and intercept InK. In 
cooperative systems, n > 1 and also K°~ < K°2 < . . . .  < K°n, 
and the closer the value of n approaches the number of binding 
sites the more cooperative the system is. 6 

Analysis of binding data in the terms of Scatchard and Klotz 
plots may be used. A Scatchard plot is a graph of Y/[A] versus Y, 
and a downward concave curve is observed for cooperative 
systems and an upward concave curve for anticooperative 
systems. A Klotz plot is a graph of Y versus In [A] and has a 
sigmoidal shape in cooperative systems. 

Evaluation of Hill coefficient from the Scatchard and Klotz plots 
For the gradient of the Hill plot, we can write, 

Y 
din - -  

1 - Y 1 dY - (2) 
n -  dln[A] Y(1 - Y) din[A] 

,5-0, 

1 din Y 
n = (3) 

1 - Y dln[A] 

From the Scatchard plot, for cooperative systems, we have 

d(Y/IAI)/dY = 0 (4) 

o r  

1 (1 din[A]. 0 
[A-'-i - dlnY ) = 

Thus dln[A]/dlnY = 1 or dlnY/dln[A] = 1 (5) 

Thus when Y = Y .. . . .  by combination of equations (3) and (5), 
we obtain: 

n = 1/(1 - Y~,,~) (6) 

or, by definition, the fraction of unoccupied sites (0), is given by 

0 = 1 - Y. (7) 

Hence 

n = 1/0m~. (8 )  

which means that the Hill coefficient is the inverse of 0mi, 
(minimum unoccupied fraction of sites). 

If Ym~x is found from the Scatchard plot we can obtain the Hill 
coefficient from equation (6). Since, the maximum in the 
Scatchard plot is not a point, identification of Ym~x is difficult. 

dY/dln[A] is the slope of the Klotz plot and therefore we can 
re-write equation (2) 

n = 1/[Y(1 - Y)] × (slope of the Klotz plot) (9) 

and at half saturation (Y = 0.5), we have 

n = 4 x (slope of the Klotz plot) ( lO)  

Thus, the Hill coefficient may be calculated from slope of the 
Klotz plot. It is obvious that the evaluation of the Hill coefficient 
from the Klotz plot is easier than from the Scatchard plot. 

Evaluation of the Hill coefficient in a hypothetical model 
Consider a macromolecule with four binding sites for a ligand, 
and also assume 

/~1 : 103 M-I K°2 = 104 M-I  

K°3 = 105 M-l  KO4 = 106 M-I 

The Hill plot in this system is shown in Figure 1. The slope of the 
Hill plot in the 0.3-0.7 range for values of Y shows that n = 
3.33. 

The Klotz plot in this hypothetical system is shown in Figure 2. 
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Figure 1 The Hill plot in a cooperative system with four binding 
sites and n = 3.33 
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Figure 2 The Klotz plot in a cooperative system with four binding 
sites 
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Figure 3 The Scatchard plot in a cooperative system with four 
binding sites 

The slope of the Klotz plot in the 0.3-0.7 range for values of Y is 
equal to 0.84. It is seen that the slope of Hill plot is four times the 
slope of KIotz plot, that is 

n = 4 x 0.84 - 3.36 (=3.33) 

confirming eqn 10. 
The Scatchard plot is shown in Figure 3. This plot shows that 

Ym.x in the range 0.6-0.8 has a mean value of 0.7. By choosing 
of Ym.x = 0.7, in the case of eqn (6), the value of n will be 3.33. 

Here, for n = 3.33 the 0mi. = 0.3, which means that the 
minimum per cent value of unoccupied sites should be 30%. 
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Introduction 
Benedict's solution is used for detecting the presence of 
aldehydes and easily oxidizable sugars in samples) When the 
test is positive, the heated solution changes colour from blue to 
green, yellow or brown, depending on the concentration of the 
easily oxidizable substances present. The general reaction is: 

c.2+ ~ O 
R - - C ~ , ,  O+40H - ~  ~ R - - C ~  +Cu20+2H20 

H Citrate complex - -  OH 

The original formulation of Benedict's solution includes 2 
copper(II) sulfate pentahydrate (CuSO4"5H20); trisodium 
citrate; anhydrous sodium carbonate, and water. 

In the present work an alternative formulation for Benedict's 
solution is presented, and experiments are proposed which use 
the alternative Benedict's solution for demonstrating the activity 
of ptyalin and invertase, enzymes present in saliva and baker's 
yeast, respectively. 

Results and Discussion 
The idea of making an alternative formulation for Benedict's 
solution emerged from the need of finding a reagent made of 
components which could be obtained easily, and which were 
inexpensive. A Benedict's solution was made using sodium 
bicarbonate, 'Sal de Fruta Eno' (in Brazil) or 'Alka-Seltzer' (out 
of Brazil) (all sold at drugstores and supermarkets), copper(II) 
sulfate pentahydrate (sold at stores specializing in articles for 
pools), and water. 'Sal de Fruta Eno'  is a mixture of citric acid, 
sodium bicarbonate and sodium carbonate. When it is dissolved 
in water, it gives sodium citrate and a medium almost as alkaline 
as the one required for the complex citrate-Cu E+ of Benedict's 
solution. The ideal pH is obtained by adding more sodium 
bicarbonate to the aqueous solution of the complex. 'AIka- 
Seltzer' is a mixture of citric acid, sodium bicarbonate, and 
acetylsalicylic acid. When dissolved in water, it too gives sodium 
citrate in a medium almost as alkaline as the one required for the 
formation of the citrate-Cu 2÷ complex. Here again ideal pH is 
obtained by adding sodium bicarbonate. 

The alternative formulations of Benedict's solution were used 
for testing many samples of carbohydrates. Aqueous solutions of 
some sugars give positive tests, including: cow milk (lactose); 
honey (fructose, glucose); commercial corn dextrose (glucose); 
medical solution of glucose at 5%; apple juice (fructose, glucose) 
and orange (sweet ones) juice (fructose, glucose). Aqueous 
solutions of white sugar (sucrose) and corn-starch gave negative 
tests. 

Ptyalin, a carbohydrase present in saliva, catalyses the 
hydrolysis of starch to give maltose, 3 a disaccharide which is 
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Biochemistry I Fall Term, 2003 September 24, 2003

Lecture 12: Ligand Binding Measurements

Assigned reading in Campbell: none.

Background reading: "Ligand Binding Equations and Analysis" by Dr. Gordon Rule.

This more extensive treatment is available as an eight-page PDF image.

Key Terms:

Association constant

Scatchard equation & Scatchard plot

Equilibrium dialysis

Dissociation constant

Hill equation & Hill plot

 

Links:
(I) Review Quiz on Lecture 12 concepts

(S) Graphing Quiz: Ligand Binding Scatchard Plots: Determine stoichiometry (n) and Kd.

Ligand Binding

Measurements of the binding affinity and binding stoichiometry between molecules and

macromolecules provide essential information on topics that range from mechanism to

specificity. For example, ligands are nearly always competing with other ligands for a specific

site, especially in vivo. In addition, binding events are frequently coupled to conformational

changes, catalysis, and cell-cell interactions.

A. Basic treatment of simple binding data

This section repeats the derivation of the Scatchard equation found in the Ligand Binding
Equations and Analysis handout. The origin of this equation in the equilibrium equations and

the definitions that allow a few algebraic manipulations will be covered in lecture as follows:

1. M + L <==> ML

2. Kd = [M][L]/[ML]       K a = 1/Kd

3. ν�ννν = [L]bound/[M] total = [ML]/([M] + [ML])

4. ν�ννν = [L]/(K d + [L])
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From the saturation equation (eqn. 4), the following useful rerrangements can be made:

a. ν�ννν/[L] = 1/Kd - ν
�ννν/Kd       Scatchard equation.

b. 1/ν�ννν = Kd/[L] + 1       Double reciprocal equation.

c. ν�ννν/[L] = n/Kd - ν
�ννν/Kd       Multiple binding sites.

d. logθ = -logKd + nHlog[L]       Hill Equation.

The application of the mass-action equations, even to simple binding equilibria (i.e. identical and

independent sites) requires some care. Ideally, we want an estimate of both Kd and n for a given

interaction. Sometimes only one or the other can be determined.

B. Experimental Measurements of Ligand Binding

Model reaction:     ML <=> M + L

Schematically: <=>   +  

Dissociation constant: Kd = [M][L]/[ML]
The following figures show how the equilibrium dialysis experiment can be used to determine

the concentrations of M, L, and ML at binding equilibrium.

At the start of the measurement, the protein (M) is present only in the left cell of the dialysis

chamber. The small molecule (L) is present only in the right cell. The left and right cells are

separated by a semipermeable membrane, through which only the ligand can pass.

[For this illustration we will use concentration units of "balls/Box" (b/B) instead of M

(mol/liter).]

Starting concentrations (b/B):

 Left cell: [ML] = 0;   [L] = 0;   [M] = 4.

 Right cell: [ML] = 0;   [L] = 12;   [M] = 0.

When equilibrium is reached, the

concentration of free ligand will be the same

in both cells. However, because the protein

can bind the ligand, the concentration of total ligand will be higher in the left cell.
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Equilibrium concentrations (b/B):

 Left cell: [ML] = 2;   [L] = 5;   [M] = 2.

 Right cell: [ML] = 0;   [L] = 5;   [M] = 0.

The above illustrations are static "snapshots"

of the molecules during the experiment.

Open a window that simulates the Molecular
Motion at Binding Equilibrium.

(The animation requires the Shockwave plug-in.)

With the above results we can calculate the Kd for this cartoon binding reaction:

Kd = [M][L]/[ML] = (2 b/B)*(5 b/B)/(2 b/B) = 5 b/B.

Note the following features of this binding equilibrium:

  [L] = 5 b/B in both cells.

  [L] total = 7 b/B in the left cell.

  [L] total - [L] = 2 b/B = [ML] in the left cell.

Thus, the difference in [L]total between the two cells is the measurement of [ML] that we need to

add one datum to a Scatchard plot. A Scatchard plot consists of equilibrium dialysis

measurements done at several starting concentrations of ligand. (See the Ligand Binding page

for an example of the calculations and graphing procedures.)

For example, with the Kd calculated above, what do you predict for the equilibrium

concentrations of all species if the starting concentration of ligand had been 33 b/B? or 5 b/B?

C. Examples of Data Analysis

Experimental data, e.g. from an equilibrium dialysis experiment, can be analyzed to yield values

for Kd and n in several ways. Computer programs are available that provide automated and

objective estimates of these parameters. The processed data are then published in one or more of

the following graphical formats:

1. Scatchard Plots: single site (n = 1) and multiple sites (n >1).

2. Fraction Saturation Plots: Y vs. log[L].

3. Double Reciprocal Plots: single site (n = 1) and multiple sites (n >1).

4. Hill Plots: Cooperative binding to multiple sites (nH <n).

Examples of each will be shown with a description of how the slopes and intercepts of each can

be used to extract the values of Kd, n, and nH.

The class handout, Ligand Binding Curves, is shown on a separate page.
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Introduction 
One of the most familiar and important processes in bio- 
chemistry is the reversible combination of small ions or mole- 
cules with specific sites on the surface of a protein or other 
biopolymer. The interaction of ligand with macromolecule of 
biological systems is one of the most extensively studied pheno- 
mena in biochemical research. Such studies are an essential part  
of the physico-chemical characterization of many biological 
phenomena ranging from enzyme catalysis and its control, hor- 
mone action, membrane transport, and nerve conduction to 
muscle contraction and other forms of mobility) -3 

Protein-surfactant interactions have been extensively studied 
as the ligand-protein binding affinities. It is important for under- 
standing the stabilization of membrane and food emulsions and 
foams that the interactions between the protein and surfactant 
which lead to the formation of such complexes are character- 
ized? -5 Moreover, denaturation of protein with surfactant by 
determining the strength and number of binding sites and the 
magnitude of the interaction between multiple sites provide the 
essential data for the evaluation of the structure of the protein 
and its relationship with the function of protein. 6-~° 

Experimentally the measurement  of binding is straightfor- 
ward. However, interpretation of the data requires different 
models of analysis that depend on various features of the 
binding process. A number of methods for graphical and com- 
puter-assisted analysis of the binding data have been employed. 
The purpose of this paper  is to consider the most common 
presentation of ligand-acceptor binding data in the biological 
sciences; the Scatchard Plot." Although, there are many reports 
on Scatchard plots for systems with one set of binding sites, 
there are relatively few reports on the shapes of Scatchard plots 
for systems with two sets of binding sites. ~2-~3 The similarities 
that can exist between the shapes of Scatchard plots in systems 
with one set and two sets of binding sites, have caused some 
misinterpretations of the binding process. 14-~6 This lead us to 
evaluate the shapes of Scatchard plots for hypothetical systems 
with two sets of binding sites and different kinds of co-oper- 
ativity on each set. 

The Scatehard plot 
In 1949 the distinguished physical chemist, George Scatchard, 
published a paper  entitled, 'The Attraction of Proteins for Small 
Molecules and Ions ' ."  He  described a graphical method for 
extracting the parameters  of a binding system. This graphical 
method, ever since called the Scatchard plot, is the most 
common method used for the presentation of ligand binding 
data. For a large acceptor molecule which has g binding sites, 
and in which binding sites are characterized by identical intrinsic 
association binding constant, K, and independent each other 
without interacting (that is, occupancy of one site does not affect 
the probability of binding to any other), from mass action equa- 
tions, Scatchard showed that: 

= g K[L]/(1 + KILl) (1) 

o r  

o/[L] = K ( g -  0 (2) 

where f~ is the number of moles of ligand bound per mole of 
macromolecule, and [L] is the free concentration of ligand. It is 
obvious that the Scatchard plot, e/[L] versus ~, is linear for sys- 
tems which have one identical and independent set of sites. 
Scatchard pointed out in his original paper"  that 'curvature may 
indicate different intrinsic constants or deviations from indepen- 
dent probabilities'. 

It is now widely recognized that upward-curved Scatchard 
plots are obtained when there is negative co-operativity in 
binding (binding sites are identical, but interacting between 
them lead to binding at one site decreases the affinity of others) 
and downward-curved Scatchard plots are obtained when there 
is positive co-operativity in binding (if the affinity of other sites 
is increased)2 7 For these systems, we use the Hill equation: TM 

g(K[L]) n 
= (3) 

1 + (K[L]) n 

where n is called the Hill coefficient, n = 1 for noncooperative 
systems, n > 1 for co-operative systems (positive co-operativity 
in binding), and n < 1 for anticooperative systems (negative 
co-operativity in binding). 

For two different kinds of binding sets on the same macro- 
molecule using: ~2 

g~ (K,[L]) °' g2(K2[L]) °2 
= + (4) 

1+  (K,[L]) "l 1 + (Kz[L]) "2 

The Scatchard plots for these systems may be obtained with one 
maximum or minimum, or it may even be downward-curved or 
upward-curved, which may lead to a misunderstanding with one 
set of binding sites. 

Discussion 
For the construction of a Scatchard plot, a hypothetical system 
with two sets of binding sites have been considered. The number 
of binding sites and intrinsic binding constant have been taken 
as 50 and 1000 for first binding set, and 80 and 100 for second 
binding set, respectively. Different kinds of the system, in rela- 
tion to the kind of co-operativity in each set have been selected 
by taking the suitable amount of Hill coefficient for each set. 
The shape of Scatchard plots for these systems is discussed 
below: 

(a) Specific-Negative (SN) and Negative-Negative (NN) Figure 
la shows the Scatchard plots for systems with specific and nega- 
tive co-operativity in first and second of binding set, respectively, 
and Figure lb is the Scatchard plots for systems with negative 
co-operativity in both its binding sets. The general shape of 
these plots is like systems with one set of binding sites with 
negative co-operativity. Moreover, the slope of the first region is 
reduced with increasing the Hill coefficient, or in other words, 
with decreasing the extent of negative co-operativity. However, 
the general similarities between the Scatchard plot of these 
systems and system with negative co-operativity may be mis- 
understood in interpretation of binding system. 

(b) Positive-Negative (PN) Figure 2 shows the Scatchard plot, 
for systems with two binding sets according to positive and nega- 
tive co-operativity in the first and second binding set, respec- 
tively. These plots show a markedly non-linear curve 
characterized by a pronounced maximum like system with one 
set of binding sites containing positive co-operativity between 
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sites. The position of the maximum in the horizontal axis 
depends to the degree of the co-operativity in the first binding 
set. By increasing the positive co-operativity in the first binding 
set the position of this maximum shifts along the abscissa to high 
values of ~ (high degrees of saturation). However, the amount of 
bound/free depends on the extent of negative co-operativity in 
the second binding set, so that by increasing the negative co-op- 
erativity (decreasing n) in the second binding set, the amount of 
the maximum of bound/free shifts to the higher values. There is 
also a distinct minimum at the lower values of t~ for the systems. 
However, the position of this minimum shifts to lower values of 

with increasing Hill coefficient in the second binding set and 
disappeared in the positive-specific system. The value of bound/ 
free at the minimum point increased by decreasing the positive 
co-operativity in the first binding set. It is important to note that 
misunderstanding may arise due to failing to observe lower 
values of t~ which appear as a distinct minimum in the experi- 
ment. This may cause misleading analysis and be interpreted as 
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Figure I Scatchard plots for systems with two sets of binding 
sites where g1=50, g2=80, K1=IOO M -~, K2=IOOO M -~. 
(a) Specific-Negative: (D) n1=1, n2=0.5, (A) n1=1, 
n2=0.8, (~7) nl=n2=1. (b) Negative-Negative: ([2) 
nl=n2=0.5, (/x) nl =0.5, n2=0.8, (~7) n, =0.5, N2=1 
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a system with one set of binding sites having 
co-operativity. 
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positive 

(c) Negative-Positive (NP) The Scatchard plot of this system is 
shown in Figure 3. This plot is concave and has a 'tail' near to 
saturation. This plot has more concavity than NN, NS and 
system with one set of binding sites with negative co-operativity. 
However, the extent of the concavity and the appearance of the 
tail depends to the difference between the affinity of binding in 
each set and the amount of positive co-operativity in the second 
binding set. The general shape of specific-positive system which 
showing in Figure 3 is like the NP system except that the expo- 
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Figure 2 Scatchard plots for systems with positive and negative 
co-operativity in the first and second binding sets, respectively, 
where g1=50, ge=80, K~=IOOM -1, Ke=IOOOM -1, (rq) 
n,=3, n2=0.5, (©) n1=5, n2=0.5, (n) n1=3, n2=0.7, (~7) 
n1=3, n2=l 
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Figure 3 Scatchard plots for systems with two sets of binding 
sites where gl=50, g2=80, K1=IOO M -1, K2=IOOO M 1, ([]) 
Specific-Positive (ni = 1, n2 = 5), (A) Negative-Positive 
(n1=0.8, n2=5) 
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Figure 4 Scatchard positive 
co-operativity in both binding sets. Where g~ =50, g2 =80, 
K,=IOOM -~, K2=IOOOM -~, ([3) n,=n2=5, (A) n,=5, 
n2=3 

nentiality and slope of the first region is reduced with respect to 
the NP system. 

(d) Positive-Positive (PP) Figure 4 shows the Scatchard plot 
for this system. It has a distinct maximum like a system with one 
binding set and positive co-operativity between sites. However, 
it has a tail at the end region that has an indistinct maximum. 
The difference between the Scatchard plot of this system and the 
positive-negative system, which was discussed in the preceding 
paragraph is at the end region, which is smooth and exponential 
for positive-negative system and concave for positive-positive 
system. 

Examples of misinterpretation 
For binding of ionic surfactants to water soluble proteins, there 
are two kinds of interaction, electrostatic and hydrophobic, and 
the binding data should therefore be interpreted in the terms of 
two sets of binding sites. Scatchard plots have sometimes been 
interpreted in papers in terms of one set of binding sites. Figure 
5a is a typical example of one of these misinterpretations and 
shows the Scatchard plots for binding of sodium n-dodecyl sul- 
phate (SDS) to bovine catalase at pH 3.2 and 4.3.19 Due to the 
similarities between Figure 5 and the negative co-operative 
curve containing the system with one set of binding sites, the 
authors misunderstood this system with negative co-operativity 
in the binding and took the extrapolated value of ~ obtained by 
extrapolation of the first part of the Scatchard plot as the 
number of cationic binding sites. However, the general shape of 
this plot is like that in Figures la, lb and 3, in which the extrapo- 
lated value of none of them is equal to 50 (the number of binding 
sites in the first binding set), so this extrapolation method for 
determining the number of binding sites in the first binding set is 
not correct. 

Figure 6 is another example of misinterpretation of the 
Scatchard plot and shows the plot for the interaction of SDS 
with bovine catalase at pH 6.430 The authors have interpreted 
this as a system with one set of binding sites and positive co-op- 
erativity. The general shape of this plot is like that shown in the 
first part of Figures 2 and 4. However, due to the absence of end 
points in the experiment, the end part of the curve could not be 
plotted and the system was wrongly taken as a system with one 
set of binding sites. 
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Figure 5 Scatchard plots for sodium n-dodecylsulphate (SDS) 
binding to bovine catalase at 25°C: o, pH 3.2; e, pH 4.3 
(Redrawn from reference 19) 

x 

Figure 6 Scatchard plot for sodium n-dodecylsulphate (SDS) 
binding to bovine catalase pH 6.4, 25°C (Redrawn from ref 
20) 

Conclusion 
The general shape of the Scatchard plot for some of the systems 
discussed are very similar to each other and the analysis of the 
binding data in terms of Scatchard plots may be misunderstood. 
However, knowledge of the form of Scatchard plots as discussed 
in this paper can provide a better understanding of binding 
systems, and these shapes may be taken as reference shapes for 
predicting the kind of co-operativity in each binding set. 

Problem 
The binding data for the interaction of SDS with bovine hemo- 
globin at pH 6.4 and 25°C were obtained by the technique of 



Table 1 Problem: binding data for the interaction of  SDS with 
hemoglobin 

[L], x 105 M [L]j x 105 M 

4.453 0.145 
9.118 0.196 

11.913 0.22 
16.559 0.251 
18.751 0.289 
25.978 0.439 
29.002 1.309 
48.725 4.416 
58.927 6.310 
70.591 8.128 
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Figure 7 Scatchard plots for sodium n-dodecylsulphate (SDS) 
on binding to bovine hemoglobin pH 6.4, 25°C 

Table 2 Values obtained (see Fig 6) from fitting of binding data to 
eqn 4for  sodium n-dodecylsulphate (SDS) p H  6.4, 25°C 

gl kl nl g2 k2 n2 

90 426211.6 3.32 650 417 1.47 

equilibrium dialysis, are listed in Table 1, where [L], and [L]f are 
total and free concentrations of SDS. The total concentration of 
protein, [P] was 3.077 x 10 -6 M. Plot and interpret the Scatchard 
curve. 
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Solution 
The average number of bound ligand per each protein molecule, 
0, is equal to 

o = ( [L] t -  [Llf)/[P] (5) 

0 from eqn (5) is divided by [L]f, to obtain values of 0/[L]f at any 
0, and hence it is possible to plot the Scatchard curve. Figure 7 
shows the Scatchard plot for this system, it is like the Scatchard 
plot for system with positive co-operativity in both binding sets 
(Fig 4). The binding parameter in eqn (4) has been obtained by 
fitting the binding data in this equation by using any non-linear 
fitting computer program. These parameters have been listed in 
Table 2 and the values of Hill coefficients shows the positive 
co-operativity in both binding sets. 
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