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Thermodynamic analysis is an effective tool in drug design. Thermodynamic parameters of the interaction between
a given ligand and its target protein can reveal the character of the ligand. In general, promising drug candidates achieve
high affinity for a target protein through their contributions of both favorable enthalpy and entropy terms. It is,
however, more difficult to optimize binding enthalpies than binding entropies in ligand-design; therefore, it is desirable
to choose firstly a lead-compound based on its favorable binding enthalpy. In this study, we have explored the utility of
this approach using anti-ciguatoxin antibody 10C9 as a model in the screening of a chemical library. We previously
showed that 10C9 possesses an extraordinary large antigen-binding pocket that recognizes the antigen ciguatoxin by
means of a favorable binding enthalpy. Here, among the many compounds tested, three of them could bind to the an-
tigen-binding pocket of 10C9 with a few kcal/mol of favorable binding enthalpy. In addition, these compounds showed
structural analogies with the proper antigen ciguatoxin: a comparison with other compounds which showed no favorable
enthalpy change upon testing revealed that 10C9 rigorously identifies their cyclic structure and a characteristic hydroxyl
group. In summary, this study demonstrates that enthalpy change is an effective index for ligand-design studies.
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Fig. 1. A Schematic Diagram to Show the Different Ther-
modynamic Profiles Possibly Observed for Distinct Types of
Molecular Interaction Often Observed in Biology

(Scheme A) a high degree of hydration bonding in addition to confor-
mational changes; (Scheme B) here binding is dominated by hydrophobic in-
teractions; (Scheme C) a small favorable contribution from hydrogen bond-
ing along with a hydrophobic contribution.
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Fig. 2. Structures of Ciguatoxin Fragments: CTX3C (1), CTX3C-ABCDE (2), and CTX3C-ABCD (3)
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Fig. 3. Top Views (top) and Cross-section of the Antigen-
binding Site (bottom) of the Variable Region of 10C9 Fab in
Ligand-free Form

Red dotted line shows the entrance of an antigen-binding pocket of
10C9 Fab. Green, heavy chain of 10C9 Fab; Blue, light chain of 10C9 Fab.
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Fig. 4. Titration Calorimetry of the Interactions between 10C9 Fab and CTX3C-ABCD (A) and CTX3C-ABCDE (B)
Top, typical calorimetric titration of the antigen (5 uM) with 50 uM 10C9 Fab in PBS solution, at 25°C; bottom, interaction plot of the data calculated from the
raw data. The solid line corresponds to the best fit curve obtained by least-squares deconvolution.
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Fig. 6. Structures of the Compounds Which Showed No En-
halpy Change by Titration of 10C9
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