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Energetics and Kinetics of Specific Ligand-Receptor (Including Antlgen-
Antibody) Interactions

Specific ligand-bearing peptides with pre-existing) (i.e., innate) anti-microbial specificities exist
in the entire biological realm, from humans and other animals, plants, molds and bacteria. One example
of these is lysozyme, discovered in 1920 by Sir Alexander Fleming. In the same, innate, category as
these peptides are the omni-present /ectins, which are proteins or glycoproteins (with specificities against
carbohydrates), such as human blood cell antigens, with Concanavalin A as a major example.

Defense macromolecules with specific ligands of a more recent vintage (from an evolutionary
point of view) are antibodies (Ab) whose specificities are adaptive (i.e., acquired during the host’s life);
these are created after a first encounter with the antigens (Ag) of given invading foreign infectious
agents. Ab’s are blood serum proteins with both adaptive and innate properties. The specific ligands
(paratopes) of Ab’s comprise about six amino, acids and are concave and often relatively hydrophobic;
they can fit into the complementary shaped combmlng sites or receptors (epitopes) of Ag’s, which are
convex and hydrophmc

The forces between paratopes and epitopes are various combinations of the three non-covalent
Lifshitz-van der Waals (LW), Lewis acid-base (AB) and electrostatic (EL) forces. The optimal specificity of
the interaction between an Ag and its specific Ab, is reached by achieving the best fit and therefore the
shortest distance, between the contactable surfaces of the protruding epitope and the hollow paratope,
resulting in the strongest possible binding energies. The energetics and kinetics of Ag-Ab binding are
similar to those of the physical adsorption between, e.g., macromolecules and solid surfaces, when
immersed in water.

The binding energy is proportional to the natural logarithm of the equilibriurﬁ binding constant
(i.e., In K,), where:

K, = Ko/kq

and where k, and k, are, respectively, the kinetic association (a) and dissociation (d) rate constants. It
- has been shown experimentally that the great variability between the binding energies among different
specific ligand-receptor systems is mainly function of the kinetic dissociation rate constant, kg, i.e., of
the ease or difficulty, or more precisely the speed, with which the ligand and receptor will separate
from one another, immediately after having been bound together. This is also the case in, for instance,
protein-silica adsorption systems, where some of the pertinent data were based on contact angle
measurements.
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Figure 7.4 - Composition of three typical Ag~Ab complexes at different Ag/Ab ratios.
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TABLE VI-1 Energies of interaction (AG*VY) and forces of interaction of (F-%)
of unretarded Lifshitz—van der Waals interaction, for a number of
configurations, as a function of distance, ¢

Configuration | | AGEY Fiw
(semi-infinite flat parallel slabs) . -A A

: 12m€2 127¢°

(sphere of radius R and semi- - AR AR

infinite flat slab: also valid for 6¢ 602

two crossed cylinders at 90°)
(two spheres of radius R) : - —AR AR
: 12¢ 12¢2

TABLE VI-2 Energies of mteractxon (AGAB) and forces of interactions (F¢B) of polar [electron-
acceptor—lectron-donor, or Lewis acid-base (AB)] interactions, for a numbcr of configurations, as a

function of distance, € g
Configuration AG#® _ Fg®
-~ F{2" exp[(& ~ €)N]
ABY € — &I\ °

(flat parallel plates) AG2B" exp[( A )IN] = AGET(INexpl(€, — )N
(sphere of radius R and flat B _ ' '

plate; also valid for two 27RNAGLR" exp[(€, — €)/A] —2tRAGA®" exp[(¢, — €)/\]
~ crossed cylinders at 90°) a '
(two spheres of radius R) TRAAGL® exp[(¢, — €)/\] —mRAG2P" exp[(¢, — €)/A]

*AG2B” is obtained from egs. [I11-6], [III-16}, or [III-17], and F{?" ~ —(1/N) AGZ®", or F{*® is measured experimental
The superscript “ indicates that AG” or F' were obtained at thc plane parallcl plate configuration, at the minimu
equilibrium distance €.

TABLE VI-3 Energies of interaction (Gf“) and forces of interactions (FFL) of electrostatic interactions.

for a number of configurations, as a functlon of distance, ¢*, for relatxvely weak 1nteract1ons i.e., for
{<25mV

Configuration . AGH | FEL -

(flat parallel plates) 1/k-64nkTy2 exp(—«&)® —64nkTv?2 exp(—«k&)®

(sphere of radius R and flat _ , | .
plate; also valid for two N eRYZ In(1 + exp(-«€)] — € XRYZIn[l + exp(—«e)]
- crossed cylinders at 90°) |

(two spheres of radius R) 0.5¢R¢2 In[1 + exp(—«¥f)] - - 0.5€ KR\D% In[1 + exp(—«k¢

*For explanation of the symbols used, see Chapter IV, eqgs. {IV-2-1V-6].
= [exp(vey/2kT) — 1)/[exp(ved/2kT) + 1] (eq. [IV-4)).




two equal spheres of radius

e e e e S

ction of distance, £ (AG) for the interactions between
here and a flat plate (cf. van Oss [1994, pp- 75 88]*

e

nergies of interaction as a fun

Table 2 Freee
, R and between one such sp

1

0.5eR WZ ¢ n[1+exp(-x0)]°

o0 AR/12L° RAGL exp (oM b
© AR/6L* 2RAGL exp [(Lot)M] b eRy/. £n{1+ exp(-xd)) ¢
— —

TENDEb, DL.\/O THEDRY,;
INFLUENCE oF

R




LA LU

w=icte.

a:

=3
Cg T

Yy



<

(<’aL = ka [5 ]
A —

K& in. 1_../1\/\ { ¢ ']

ka i L /(Msee) [ 7]

tﬁd in -'!/;ec L& ]
- £<¢1 _

Ky = e [9]

el © EEm———

Ka AND Ld CANNGT BE MEASURED
DIRECTLY DUE To HYSTERESIS

Never use Ka )

- k
DETERMING k, via: k= Kaa [10]
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Figure 13.3 Schematic diagram of the adsorption/desorption device.
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