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Analyses of Isothermal Titration Calorimetry Data
Using Program SEDPHAT
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Isothermal titration calorimetry (ITC) directly provides the detailed thermodynamic characterization (Gibbs free
energy AG, enthalpy change AH, entropy change AS, and the stoichiometry n) in solution. Since the release of
commercially available ITC in the early 1990’s, the number of studies that have adopted this method has increased. In
particular, ITC instruments with small sample volumes have the adequate sensitivity to measure the heat change upon
interaction and have accelerated the application of this method in various fields, including biochemistry, medicinal
chemistry, structural biology, and material sciences. In this paper, using program SEDPHAT which has attractive
features for non-linear fitting of the binding isotherm, as representative cases of SEDPHAT analysis, we describe the
ITC data analyses for A+B <—> AB and A+B+B <—> ABB systems and the global fittings.

Keywords: isothermal titration calorimetry, binding thermodynamics, protein-ligand interaction, protein-protein

interaction, global fitting.
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Table 1 Representative binding model implemented in SEDPHAT.

Model

A+B<—=AB

A+B+B<—> {AB} + B<—>ABB
A+B+B<—>AB+B<—>BA+B<—>BAB
A+B+B+B<—>AB+B+B<—>ABB+B<—ABBB
A+B+C<—AB+C<—>AC+B

(A+A)+(B+B) <—> (AA), (BB), AB, (AB)(AB)
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software was used as an example.
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Integration of thermogram using program NITPIC. Demo data (demo.itc) included in the
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Table 2 Summary of the thermodynamic parameters.
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Fig.3 Example of the fitting of the binding isotherm with two
different affinities. (a) Thermogram and fitting result. (b) Bar
graph of thermodynamic parameters. (c) Population shift of each
component. Modified from reference 8.
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Fig.4 Screen shot of the global analysis for three different experimental data using SEDPHAT. Data were fitted using A+ B + B
<—> {AB} + B <> ABB model. Upper panel shows the heat change upon the titration of B into A (circle) and the fitting result
(solid line). Lower panel shows the fitting residuals. X-axis represents the molar ratio of B/A. (Left) Syringe=100 uM, Cell=5 pM.
(Center) Syringe=1000 uM, Cell=50 uM. (Right) Syringe=2000 pM, Cell=100 pM.

4. BhHYIz

AR TlEsy M BEAERf#T 7" = 77 F 2 SEDPHAT 12 &
7% SR AR T — Z AT IZ O\ CfigE L 7=, SEDPHAT
WIZEERMAERET VICIA T, 7 a— Uiy
R alb—va T —XOERR EITC T 41795 L THA
IRHSRED S K K I N TWB, F£72, NITPIC X GUSSI
EWSTEBEY 7 Ny =T TS LT, T ORE
ROERE T =LV RITH ZENTE D, Kfan ITC
FENT % 4T D AFIEE DO —BNZ 2 EENTH 5,

X

1) J.C.D. Houtman, P. H. Brown, B. Bowden, H. Yamaguchi, E.
Appella, and L. E. Samelson, P. Schuck, Protein Sci. 16,
30-42 (2007).

T. Wiseman, S. Williston, J. F. Brandts, and L. N. Lin, Anal.
Biochem. 179, 131-137 (1989).

W. B. Turnbull and A. H. Daranas, J. Am. Chem. Soc. 125,
1485914866 (2003).

W. B. Peters, F. Verna, and R. K. Brown, Comb. Chem. High
Throughput Screen. 12, 772—790 (2009).

L. D. Hansen, G. W. Fellingham, and D. J. Russell, 4nal.
Biochem. 409, 220-229 (2011).

J. Broecker, C. Vargas, and S. Keller, Anal. Biochem. 418,
307-309 (2011).

S. Keller, C. Vargas, H. Zhao, G. Piszczek, C. A. Brautigam,
and P. Schuck, Anal. Chem. 84, 5066—5073 (2012).

S. Uchiyama, K. Kawahara, Y. Hosokawa, S. Fukakusa, H.
Oki, S. Nakamura, Y. Kojima, M. Noda, R. Takino, Y.
Miyahara, T. Maruno, Y. Kobayashi, T. Ohkubo, and K. Fukui,
J. Biol. Chem. 290, 29461-29477 (2015).

2)
3)
4)
5)
6)
7)

8)

18

9) C. A. Brautigam, Methods Enzymol. 562, 109-133 Academic
Press (2015).

A R
Takahiro Maruno
E-mail: tmaruno@bio.eng.osaka-u.ac.jp

P i
Susumu Uchiyama
E-mail: suchi@bio.eng.osaka-u.ac.jp

Netsu Sokutei 47 (1) 2020



