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ABSTRACT. Intrinsic association constant characterises the binding of an antibody with a monovalent antigen or hapten. The binding forces between antibody and the respective hapten are relatively weak and consist mainly of Van der Vaals forces, electrostatic forces and hydrophobic forces. Thus, it is important to know the thermodynamic parameters as enthalpy, Gibbs energy and the entropy involved in the formation of an antigen-antibody complex in order to characterise a certain antigen-antibody complex. The present paper evaluates some of thermodynamic parameters by using RIA (radioimmunoassay) method. 

Introduction

According to Le Chatelier’s principle, a bimolecular reversible reaction for the antiprogesterone antibody-progesterone system at chemical equilibrum is represented by the ecuation:

K+1

Ab + Pr 
        AbPr

K-1
The rate of the forming (v) of the immune complex (AbPr) will be:
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where [AbPr] – the concentration of the immune complex;

[Ab] – the concentration of the antibodies;

[Pr] – the concentration of the progesterone of a given time;

K+1 – the forming constant of the immune complex;

K-1 – the dissociation constant of the immune complex.

After the reaching of the chemical equilibrum (v=0), will results:
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where [AbPr]e, [Ab]e, [Pr]e – the concentrations system components at equilibrum, K beeing equilibrum constant (the affinity constant).

In the case of antibody- labeled antigene system (Pr*), the equilibrum constant will be:
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The labeled antigene Pr – 3H is not structural different against unlabeled antigene Pr, so one can consider that the affinities of the antibodies against the labeled and unlabeled steroids are the same and therefore, K=K*, this fact beeing the reason of using of tritiate marker for antisera titre determination.


In the case of indirect labeling of the steroid (the coupling of steroid with a carrier), the marker will be structural different from steroid, K(K*. This can be a disadvantage between labeled and unlabeled steroid for bonding situs of antibodies. 

The determination of equilibrum constant k of antiprogesterone antibody-progesterone system using As antigene radioactive progesterone 

At equilibrum,
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where
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B =  radioactive activity of the immune complex;

F = the free radioactivity in solution.

If one note:  [Ab]e = a – [AbPr*]e,   a = initial concentration of the antibody;

[Pr]e = p – [AbPr*]e,   p = initial concentration of the progesterone.
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If one note Bs+F = T0 (the total activity), then:
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This relation permits the calculation of the equilibrum constant K when the concentration of the substances are known as well the B/T0 value.

Ab-Pr-3H  system
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where Bs = B - Bnesp


F = T0 - Bs
B = specific bonding of the radioactivity;

F = free radioactivity  in supernatant;

Bnesp = nonspecific bonding.

Table 1.

Experimental data for Ab - Pr3H system;

a = 1.7·10-8 M; dilution of antiserum (1/400); T = 296 K (230C); T0 = 17 500 ipm

Pr-3H

(pg)
Total radio-

activity

(ipm)
Pr 

(ng)


Bonding radioactivity in immune complex (B)

(ipm)
Calculated specific radioactivity

B-Bnesp (ipm)
(B-Bnesp)

T0
(B-Bnesp)

F
K·107

(l·mol-1)

200
17 500
0
10 350
8054
0.46
0.85
5.00

200
17 500
0.5
10 009
7713
0.44
0.78
5.77

200
17 500
1
9919
7623
0.43
0.75
5.53

200
17 500
2
8792
6496
0.37
0.59
4.92

200
17 500
3
7705
5409
0.31
0.45
4.7

200
17 500
5
6081
3785
0.22
0.28
3.41

200
17 500
10
5211
2915
0.17
0.20
5.88

200
17 500
20
3507
1211
0.07
0.07
-

200
17 500
50
2665
369
0.02
0.02
-

200
17 500
200
2249
-
-
-
-

200
17 500
normal serum + 

0 ng Pr
2307
-
-
-
-

200
17 500
normal serum + 

200 ng Pr
2285
-
-
-
-


Average equilibrum constant K = 5.03·107 l ·mol-1
Table 2.

Experimental data for Ab - Pr3H system

a = 1.7·10-8 M; dilution of antiserum (1/400); T = 277 K (40C); T0 = 17 500 ipm

Pr-3H

(pg)
Total radio-

activity

(ipm)
Pr 

(ng)


Bonding radioactivity in immune complex (B)

(ipm)
Calculated specific radioactivity

B-Bnesp (ipm)
(B-Bnesp)

T0
(B-Bnesp)

F
K·107

(l·mol-1)

200
17 500
0
14 200
11119
0.64
1.74
1.74

200
17 500
1
13860
10779
0.62
1.60
1.3

200
17 500
2
11836
8755
0.50
1.00
1.1

200
17 500
5
6988
3907
0.28
0.28
0.5

200
17 500
normal serum + 

0 ng Pr
3081
-
-
-
-


Average equilibrum constant K = 1.16x108 l · mol-1

Ab-Pr-6-S-CH2-CO-Histamin 125I (Pr125) system
Table 3. 

Experimental data for Ac – Pr125I system; a = 3.4x10-8 M; 

dilution of antiserum (1/200); T = 296 K (230C)

Pr-125I

(pg)
Total radio-

activity

(ipm)
Pr 

(ng)


Bonding radioactivity in immune complex (B)

(ipm)
Calculated specific radioactivity

B-Bnesp (ipm)
(B-Bnesp)

T0
(B-Bnesp)

F
K·107

(l·mol-1)

500
149783
0
22083
9283
0.062
0.079
2.32

500
147549
1
22169
9309
0.063
0.075
2.20

500
148697
2
21869
9069
0.061
0.072
2.25

500
150237
3
19720
6920
0.046
0.053
1.7

500
149003
5
18211
5411
0.036
0.041
1.4

500
148256
10
16544
3744
0.025
0.028
1.27

500
149274
20
14696
1896
0.013
0.014
0.7

500
147356
50
13114
314
0.002
0.002
-

500
148290
200
12896
96
-
-
-

500
148376
serum N + 0 ng Pr
12817
-
-
-
-

500
151200
serum N 

+200 ng Pr
12781
-
-
-
-


Average equilibrum constant K  = 1,69·106 l·mol -1

Table 4. 

Experimental data for Ac – Pr125I system; a = 3.4·10-8 M; 

dilution antiserum (1/200); T = 277 K (40C)

Pr-125I

(pg)
Total radio-

activity

(ipm)
Pr 

(ng)


Bonding radioactivity in immune complex (B)

(ipm)
Calculated specific radioactivity

B-Bnesp (ipm)
(B-Bnesp)

T0
(B-Bnesp)

F
Kx107

(l·mol-1)

500
149324
0
32476
15606
0.103
0.132
3.88

500
149288
0.5
32153
15283
0.102
0.132
3.8

500
148976
1
32032
15162
0.102
0.130
3.8

500
149763
2
31710
14840
0.101
0.126
3.9

500
150544
5
26588
9718
0.064
0.078
3.2

500
148054
ser N + 0 ng Pr
16870
-
-
-
-


Average equilibrum constant K  = 3.72·106 l·mol -1

Gibbs energy of Ab – Pr system


For a chemical reaction, the variation of the free energy ((G) is:

(G = (GS + RT lnK

where     
(GS = variation of standard free energy;



R = constant  (1.98 cal/mol·grad);



K = equilibrum constant of the chemical reaction;



T = absolute temperature of  the  system (grade Kelvin).


At equilibrum (G = 0 
[image: image10.wmf]Þ

 (GS = -RT lnK  sau (GS = -2.3 RT lgK

Ac-Pr3H

T1
T2
a
K
(GS

296K
-
1.7·10-8 M
5.3·107 l·mol -1
- 10.412 Kcal/mol

-
277K
1.7·10-8 M
1.16·108 l·mol -1
- 10.172 Kcal/mol

Ac-Pr125I

T1
T2
a
K
(GS

296K
-
3.4·10-8 M
1.86·106 l·mol -1
- 8.45 Kcal/mol

-
277K
3.4·10-8 M
3.72·106 l·mol -1
- 8.29 Kcal/mol

The reaction enthalpy
For a chemical reaction at equilibrum, 
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where: 
K1, K2  are the equilibrum constants at T1 and T2 ;

(HS – the variation of the standard enthalpy.

Ac-Pr3H

a
K1
K2
T1
T2
(HS

1.7·10-8 M
5.3·107 l·mol-1
1.16·108 l·mol-1
296 K
277 K
-6.68 Kcal/mol

Ac-Pr125I

a
K1
K2
T1
T2
(HS

3.4·10-8 M
1.86·106 l · mol-1
3.72·108 

l · mol-1
296 K
277 K
-5.954 Kcal/mol

The enthropy of the reaction system
The variation of standard enthropy is:
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where (SS = the variation of standard enthropy of the system; T = absolute temperature (Kelvin degrees).

AC-Pr3H

T
(HS
(GS
(SS

296 K
-6.68 Kcal/mol
-10.41 Kcal/mol
12.6 cal · mol-1 · grad-1

AC-Pr125I

T
(HS
(GS
(SS

296 K
-5.95 Kcal/mol
-8.45 Kcal/mol
8.4 cal · mol-1 · grad-1
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