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Selecting acetic acid showing marked interactions with proteins as a low molecular matter out
of seasonings, its binding behavior with textured soy protein, a high molecular matter, was investigat-
ed. Then the results were analyzed according to three methods, namely, a best fit method to Langmuir
adsorption equation (LB), Klotz plot (KP), and Scatchard plot (SP), to obtain the binding number and
the binding constant. Values obtained by the respective methods were studied in comparison.

Numbers of binding sites (n) and equilibrium binding constants (K) were different in the three
methods. It means that referring to n, it was LB>SP>KP, while referring to K, the order was
contrary to that. As far as Scatchard plot is concerned, the multiple correlation coefficient of
substituted values for calculation, r/Ce. and r, was the least among the three methods. However the
fluctuation of calculated values to measured values of the bound weight finally obtained was the least

among the three methods.
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Introduction

When interactions between the high and
low molecular matters are discussed, it is
known that binding is made according to the
Langmuir adsorption equation [1], if the fol-
lowing conditions are sufficed:

1) There is only one binding site for the low
molecular matter on the high molecular
matter,

2) Interactions between binding sites are neg-
ligible,

3) Steric changes of high molecular matter
upon binding are negligible, and

4 ) Interactions between the binding matter
and free matter are negligible.

Thus the mode of binding can be expressed in
general with the absorption isotherm as shown
in Fig. 1.

r=ne K hd Cfree/l_K . Crree [1]

wherein :

r: Number of the low molecular
matter bound to the high molecu-
lar matter

n: Number of binding sites for the
low molecular matter on the high
molecular matter

K: Equilibrium constant

Ciree : Equilibrium concentration.
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Fig.1 Langmuir adsorption isotherm

Equation [1] can be replaced with follow-
ing two formulae :

1/1': (1/1’1 ° K) X (l/cfree)+(1/n) [2]
of 1/Ches=n*K~K-=r [3]

wherein [2] is noted as Klotz plot, and [3] as
Scatchard plot. Klotz plot (Fig. 2) shows a rela-
tion between 1/r and 1/Ciee, While Scatchard
plot (Fig. 3) does that between r/Ciee and r.
Since Klotz plot is related to two reciprocals, 1/
r and 1/Ceee, it is also noted as the double
reciprocal plot. In contrast Scatchard plot is
known as the single reciprocal plot. In either
plot there exists the linearity, 1/(n * K) in gradi-
ent and 1/n in intercept on y axis in the former,
while (—K) in gradient and n « K in intercept on
y axis, or n in point of intersection with x axis
in the latter. Values of n and K obtained from
these two plots are to be equal. However, as
reciprocals of Ciee are plotted in both, it is
disadvantageous that measured valued in the
range of the greater Cir.e are compressed on the
graph. Further, as values obtained from the
graph are reciprocals of n and K, a great error
might be accompanied occasionally in Klotz
plot.

Both equations are used frequently in the
field of food science!™®, biochemistry*® and
pharmaceutics® for analyses of interactions
between high and low molecular matters, but
much considerations are required upon the
application of the equations®®~".
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Fig.3 Scatchard plot

Klotz plot and Scatchard plot are the
ways of obtaining number of binding sites and
equilibrium binding constants easily by making
a linear line on the graph. Accordingly, it was
considered as a very useful method when the
computer was not available conveniently. At
present it is feasible to obtain values of n and K
directly by fitting best in the way of the least
squares means upon substituting the measured
values to Langmuir adsorption equation, the
basis of Klotz plot and Scatchard plot, using the
computer.

Thus, having acetic acid showing the
marked interaction with proteins among sea-
sonings as low molecular matter, its binding
behavior with textured soy protein, the high
molecular matter, was investigated. The pur-
pose of this study is to obtain numbers of
binding sites (n) and equilibrium binding con-
stant (K) upon analyses of bhinding behaviors
between them according to the three methods, i.
e., the best-fitted method to Langmuir adsorp-
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tion equation (LB), Klotz plot (KP), and Scat-
chard plot (SP), and the results were compared
with each other. Meanwhile, unless otherwise
specified, the amount of adsorption based on
Langmuir adsorption equation was used as the
amount of binding in this study.

Methods

(1) Samples

As samples of the high molecular matter,
textured soy protein®?(TSP), considered to be
low in solubility and less degenerative in the
course of seasoning, was used. Basic character-
istics of TSP are shown in Table 1.

Acetic acid (reagent special class) was
used as the low molecular matter. Acetic acid is
the major component of vinegar used as the
basic seasoning, contained at 3—49. In this
study aqueous solutions of acetic acid prepared
at concentrations of 13 steps in the range of 5.
0x1073—1.0M (0.03—6%), were used to obtain
the Langmuir’s adsorption isotherm:.

(2)  Immersing methods

TSP was immersed in aqueous solutions
of acetic acid in the same manner as reported
previously®. It means that 1 g of TSP was
added to 20 ml each of aqueous acetic acid at
respective concentrations, and immersed for 72
hours at 20°C after deaeration for 2 minutes.

After immersion, using a centrifuge tube
with a flat perforated plate 0.8 mm in pore size
inside, it was centrifuged at 2000Xg for 2

Table 1 Basic properties of TSP

Properties %
Water 13.5
Protein* 92.0
Lipid* 0.04
Carbohydrate* 7.1
Fiber* 0
Ash* 0.8

* Percent to dry weight

minutes. Using acetic acid solution dropped on
the bottom of the tube as a sample solution
after immersion of TSP, changes in the concen-
tration before and after immersion of TSP in
each aqueous acetic acid was studied. Measure-
ments were repeated 3 times respectively.

(3) Concentration of acetic acid
Concentrations of acetic acid were deter-
mined by means of HPLC (Shimadzu LC-4A ;
Column : Cica-Merck Hiber Lichrosorb RP-18,
4 mm [.D.X25 cm, Column temperature: 38°C;
Mobile phase: Phosphate buffer (pH 2), Flow
rate : 1 ml/min, Detector : SPD-2AS (210 nm)).

(4} Calculation of bound acetic acid
In consideration of moisture content in
TSP (measured at 135°C, under the steady
state), the amount of acetic acid bound per
weight of TSP sample was calculated accord-
ing to the following equation :
A=X,+V,—X+V)/m [4]
wherein :
A : Bound molecule {(mol/g),
m: Solid weight of TSP (g),
V: V,+moisture content of TSP
before immersion (ml)
Vs : Volume of immersion fluid (m}),
X1 Acetic acid concentration after
immersion {mol/ml), and
X, : Acetic acid concentration before
immersion (mol/ml).

Results and Discussion

(1} Binding of acetic acid to TSP

Relation between the bound molecules of
acetic acid and the equilibrium concentration
upon immersion of TSP in aqueous acetic acid,
i.e., the adsorption isotherm, is shown in Fig. 4.
Binding behavior of acetic acid to TSP was
typical showing an increase of bound molecules
as equilibrium concentration increased. In the
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experiment, concentration of aqueous acetic
acid for immersion was fixed in the range of 5.
0X10-3—1.0M. At or above such concentration,
TSP might be degerated during immersion,
thus, it would be out of application conditions
to Langmuir’s adsorption equation that “steric
changes of the high molecular matter upon
binding is negligible”. Accordingly, it is consid-
ered that as shown in Fig. 4, data within the
range sufficiently arriving at the equilibrium
have not been obtained.

Figures 5 and 6 show the results obtained
as above expressed as Klotz plot and Scatchard
plot, respectively. Both plots showed the linear
relationship between y and x axes, being clear-
er in Klotz plot.

(2)  Calculated number of binding sites and
binding constants in comparison

Binding behavior of acetic acid to TSP
was analyzed in three methods, namely, the
best fit method to Langmuir adsorption equa-
tion (LB), Klotz plot (KP), and Scatchard plot
(SP). Table 2 shows the number of binding sites
(n) and the equilibrium binding constant (K).

Either the number of sites or the equilib-
rium binding constant obtained was not same in
the three methods. The number of binding sites
n showed LB>SP>KP. The utmost obtained

by LB 1.10X107* was about two times larger

than that of the least obtained by KP 0.57 X
1072, On the other hand the equilibrium binding
constants were noted larger in the order of
KP>SP>LB. In binding behaviors of hexanal
to the soybean components, the number of
binding sites n showed KP > LB under any
conditions, the level of the binding constant K
being different by conditions of the soybean
components®. From these results, it can be
considered that levels of n and K obtained by
the three methods depend on their reaction
systems.
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Fig.6 Scatchard plot for TSP-acetic acid

(3)  Analytical methods compared in calculated
values of the bound wmolecules

Substituting the obtained values n and K
to Egs. [2] and [3], relation equations were
finally obtained. Using these relation equations,
we were able to get calculated bound molecule
of acetic acid. The relation equations, multiple
correlation coefficients between the measured
and the calculated values, and their levels of
significance are shown in Table 3.
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Table 2 Calculated values of n and K using three methods

Method LB KP SP
Number of binding sites [n] (mol) 1.10%x107° 0.57x10* 0.9x107*
Equilibrium binding constant [K] (M™) 2.83 8.26 4.45

Table 3 Comparative results in calculating n and K

Method LB KP SP
Relative equation - 10,0031 X Crree/(1 +2.83XCrree)  1/7=213.6 X{1/Crree) +1764.3 1/Crree=—4.45X(r) +0.004
Multiple correlation coefficient between Vae & Veu(—)* 0.9786 0.995 0.7398
Significance (P< ) 0.0005 0.0005 0.005

* Ve, Calculated value ; Vies, Measured value

Table 4 Calculated values of bound molecules and fluctuation

measured calculated
(umol/g) LB KP SP
DataNo. Veu (umol/g)  fluctuation () Ve (umol/g)  flactuation (=) Ve (umol/g)  fluctuation (—)
1 20 14 0.429 20 0 18 0.111
2 38 25 0.520 36 0.055 31 0.226
3 68 49 0.380 68 0 62 0.097
4 120 96 0.250 124 —0.032 118 0.017
5 118 122 —0.033 151 ~0.219 147 —0.197
6 182 136 0.338 165 0.103 163 0.123
7 198 180 0.100 206 -0.04 211 —0.060
8 198 221 —0.104 240 -0.175 254 —0.220
9 360 299 0.204 296 0.216 332 0.084
10 280 365 -0.233 336 —0.167 394 —0.289
11 420 432 —0.027 371 0.132 452 —0.071
12 640 626 0.022 450 0.422 606 0.056
13 800 803 —0.004 503 0.590 726 0.101
mean 0.142 0.068 -0.001
S.D. 0.230 0.233 0.155

The multiple correlation coefficients was obtained, wherein :
obtained by the three methods are: R?=0.9786 Ve : Calculated value,
in LB, R?2=0.7398 in SP, and R?*=0.9954 in KP, and  Viyea : Measured value.
respectively, thus difference was noted by The mean and the standard deviation of the
methods of the analysis. Even the least value fluctuation in every method was shown in
among them, that was in SP, was high in corre- Table 4. Figure 7 shows the values calculated
lation showing the level of significance at P< with the equation [5].
0.005. Calculated valued obtained by either
In order to study fluctuations of these method showed an increasing trend of the
calculated values, bound molecules as equilibrium concentration
increased. However, levels of fluctuation differ-
Fluctuation=(Vmea — Vea1)/ Veas (5] ed by the methods of the calculation. It means
that the mean value of fluctuations closest to
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Fig. 7 Fluctuation in each method

nil was shown by SP, followed by LB and KP.
Standard deviation was noted as SP<LB=KP.
In Fig. 7, it was clarified that the fluctuations of
SP were noted in the whole range from low to
high bound molecules, while the greater devia-
tions are noted in the range of the lower bound
molecules in LB and in the range of higher
bound molecules in KP.

Conclusion

Bound molecules of acetic acid to textur-
ed soy protein was measured, and interactions
of the low molecular matter and the high
molecular matter were analyzed according to

three methods, namely, the best fit method to

Langmuir adsorption equation (LB), Klotz plot

(KP), and Scatchard plot (SP). Thus obtained

numbers of binding sitesn, equilibrium binding

constants K, and fluctuations of calculated
values to measured values were studied in com-
parison, which revealed the following result :

(1) Numbers of binding sites n and equilibrium
binding constants K obtained in the three
methods differed each other. Referring to the
numbers of binding sites n, it was known as
LB>SP>KP, while as to the binding con-
stants K, it was in the contrary order.

(2) Either of multiple correlation coefficients
between the substituted values upon analyses,
namely, r and Cgee in LB, r and r/Cyree in SP,
and 1/r and 1/Cee in significantly high at
P<0.005, in the order of KP>LB>SP.

(3) The standard deviation in fluctuations of
calculated values to measured values of the
bound molecules was the least in SP among
the three methods, and two others were of
nearly the same level.
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Nomenclature

A : Bound molecule (mol/g)

Crree » Equilibrium concentration

K : Equilibrium constant

m: Solid weight of TSP (g)

n: Number of binding sites for the low molecular
matter on the high molecular matter

V : Vy+moisture content of TSP before immersion
(mb)

Vo : Volume of immersion fluid (ml)

Ve @ Calculated value

Viea : Measured valued

X : Acetic acid concentration after immersion {mol/
ml)

X, : Acetic acid concentration before immersion
(mol/ml)
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