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APPLICATION OF A SIMPLE CALORIMETRIC DATA ANALYSIS ON THE
BINDING STUDY OF CALCIUM IONS BY HUMAN GROWTH HORMONE

A. A. Sabouryl *, M. S. Atril, M. H. Sanati® and M. Sadeghi2

'Institute of Biochemistry and Biophysics, University of Tehran, Tehran, Iran
The National Research Center of Genetic Engineering and Biotechnology, Tehran, Iran

A simple graphical linear method was introduced for isothermal titration calorimetric data analysis in the protein-ligand interaction.
The number of binding sites, the dissociation binding constant and the molar enthalpy of binding site can be obtained by using this
new isothermal titration calorimetric data analysis method. The method was applied to the study of the interaction of human growth
hormone (hGH) with divalent calcium ion at 27°C in NaCl solution, 50 mM. hGH has a set of three identical and independent bind-
ing sites for Ca®". The intrinsic dissociation equilibrium constant and the molar enthalpy of binding are 52 uM and —17.4, respectively.
Results obtained by this new calorimetric data analysis are in good agreement with results obtained using our previous method.
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Introduction

Isothermal titration calorimetry (ITC) is one of the most
powerful tools for understanding the quantification of
biomolecular interactions at constant temperature [1-3].
The correlation of structural and calorimetric measure-
ments is one of the fundamental areas of advance incor-
porating ITC data. The number of publications on ITC
has grown exponentially over the last 10 years, reflect-
ing the general utility of the method [4-5]. ITC gives in-
valuable information about thermodynamical parame-
ters of ligand interaction [6—10], protein denaturation
[11-15], kinetic parameters [16], enzyme inhibition
[17-21] and material stability [22—24].

ITC experiments are performed by titration of a
reactant into a sample solution containing the other re-
actant(s) necessary for reaction and the exchanged heat
as a result of the reaction is monitored. The total con-
centration of titrant is the independent variable under
experimental control. Thermodynamic analysis of the
observed heat effects permits quantitative characteriza-
tion of the energetic processes associated with the
binding reaction. Different methods have been re-
ported for data analysis of ligand binding study by ITC
[25-29]. The principal of these methods is based on us-
ing nonlinear least square fitting experimental data in
an equation relating equilibrium constant, molar
enthalpy of binding and reactants concentration [29].
We have presented a number of useful graphical meth-
ods in the ligand binding studies, to obtain equilibrium
constant and enthalpy of binding by ITC data [30-34].
Determination of the binding isotherm for a set of iden-

* Author for correspondence: saboury@ut.ac.ir

1388-6150/820.00
© 2006 Akadémiai Kiado, Budapest

tical and independent binding sites [35] as well as for a
set of identical and dependent binding sites [36—37]
have been reported recently. Here, a simple calorimet-
ric data analysis is applied to obtain the number of
binding sites, the equilibrium binding constant and the
molar enthalpy of binding on the interaction between
hGH and calcium ions, and results are compared with
results based on our previous data analysis method.

Experimental

Materials and methods

Materials

Highly purified preparations of hGH were provided
by the National Research Center of Genetic Engineer-
ing and Biotechnology (NRCGEB), Tehran. Protein
concentrations were determined from absorbance
measurements at 277 nm in lcm quartz cuvettes. An
E"™277 nm)=9.3 was used as reported by
Bewley et al. [38]. Calcium nitrate was purchased
from Merck Co. All other materials and reagents were
of analytical grades, and solutions were made in
NaCl 50 mM using double-distilled water.

Methods

The isothermal titration microcalorimetric experiments
were performed with the 4-channel commercial micro-
calorimetric system, Thermal Activity Monitor 2277,
Thermometric, Sweden. The titration vessel was made
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from stainless steel. Calcium solution (2 mM) was in-
jected by use of a Hamilton syringe into the calorimet-
ric stirred titration vessel, which contained 1.8 mL
hGH (35 uM). Thin (0.15 mm inner diameter) stainless
steel hypodermic needles, permanently fixed to the sy-
ringe, reached directly into the calorimetric vessel. In-
jection of calcium solution into the perfusion vessel
was repeated 20 times, and each injection included 20
pL reagent. The calorimetric signal was measured by a
digital voltmeter that was part of a computerized re-
cording system. The heat of each injection was calcu-
lated by the 'Thermometric Digitam 3 software pro-
gram. The heat of dilution of the calcium solution was
measured as described above except hGH was ex-
cluded. Also, the heat of dilution of the protein solution
was measured as described above except the aqueous
solution, without calcium ion, was injected to the pro-
tein solution in the sample cell. The enthalpies of cal-
cium and protein solutions dilution were subtracted
from the enthalpy of hGH-calcium interaction. The
microcalorimeter was frequently calibrated electrically
during the course of the study.

The molecular weight of hGH was taken to be
22 kDa [39-40].

Results and discussion

The raw data obtained from isothermal titration calo-
rimetry of hGH interaction with calcium ion was
shown in Fig. 1. Figure 1a is showing the heat of each
injection and Fig. 1b is showing the total cumulative
heat of related to each total concentration of calcium
ion, [Ca*"},. The heat values in these figures have
been expressed in terms of total amount of protein
(63 nanomole) in the calorimetric sample cell. These
raw calorimetric data can be used to show the heat of
binding of calcium ions per mole of hGH vs. total
concentration of Ca*", Fig. 2a, or vs. total concentra-
tion of the protein, Fig. 2b.

Consider a solution containing ligand L, and a
biomacromolecule (M,) that contains 7 sites capable of
binding the ligand. If the multiple binding sites on a
biomacromolecule are identical and independent, the
ligand binding sites can be reproduced by a model sys-
tem of monovalent molecules (M,—nM) with the same
set of dissociation equilibrium constant (K) values.
Thus, the reaction under consideration can be written:

M+LaML K = [M[LY[ML] (1)

If a is defined as the fraction of free binding sites
on the biomacromolecule, M, is the total biomacro-
molecule concentration and L, is the total ligand con-
centration, then the free concentrations of monovalent
molecule, (M), and ligand, (L), as well as the concentra-
tion of bound ligand, (ML), can be deduced as follow:
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Fig. 1 a — The heat of calcium binding on hGH for 20 auto-
matic cumulative injections, each of 20 uL, of calcium,
2 mM, into the sample cell containing 1.8 mL hGH so-
lution at initial concentration of 35 M at 27°C; b — the
total cumulative heat of binding vs. total concentration
of calcium ion, calculated from Fig. la

[ML] = n(1-a)M, (2)
[L] = Lo—[ML] = Lo—n(1-0)M, (3)
[M] = nMy-[ML] = nMy-n(1-0) My= onMy (4)

Substitution of free concentrations of all these
components in Eq. (1) gives:

K= (“jLO —onM,
l-a

or

OLM():(‘XJILO_K (5)
l-a/n n

The value of 1-a as the fraction of occupied
binding sites on the biomacromolecule can be ob-
tained from every desired point on the titration curve
of heat intensity vs. total concentration of ligand, as
shown in Fig. 2b, using the relationship
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Fig. 2 a — The heat of binding calcium ions per mole of hGH
vs. total concentration of calcium ions, calculated from
Fig. 1b; b — the heat of binding calcium ions per mole
of hGH vs. total concentration of the protein. The ini-
tial concentration of hGH was 35 uM

l—a=-9_ (6)

9 tnax

where g represents the heat value at a certain Ly and
¢max Tepresents the heat value upon saturation of all
biomacromolecule. If ¢ and gn.x are calculated per
mole of biomacromolecule then the molar enthalpy of
binding for each binding site (AH) will be AH=q.x/n.
Combination of Eqgs (5) and (6) yields:

A A 1 K
qMOZquLo (7)
9 max q non

where Ag=q¢umax—q. Therefore, the plot of (Ag/qmax)Mo
vs. (Ag/q)Ly should be a linear plot by a slope of 1/n
and the vertical-intercept of K/n, which n and K can
be obtained. The related plot for the binding of cal-
cium ions by hGH is showing in Fig. 3. The linearity
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Fig. 3 The best linear plot of (Aq/qmax)Mo vs. (Aq/q)Lo, according
to the Eq. (7), using a value of —=3290 pJ (equal to
—52.2 kJ mol™) for gumax to obtain the best correlation coef-
ficient value (R*=0.99). Values of n and K can be obtained
from the slope and the vertical-intercepts, respectively

of the plot has been examined by different estimated
values for gm.x to find the best value for the correla-
tion coefficient (near to one). The best linear plot with
the correlation coefficient value of 0.99 was obtained
using a value of —3290 pJ (equal to —52.2 kJ mol ")
for gma.x. The amounts of n and K, obtained from the
slope and vertical-intercept plot, are 3 and 52 uM, re-
spectively. Dividing the gpax value of —=52.2 kJ mol ™!
by n=3, therefore, gives AH=—17.4 kJ mol .

For a set of identical and independent binding
sites, we have before shown [19, 30]:

AH = 1/4{(B+K)-[(B+K)'~Ci]"?} (8)

A;, Bi and Cj are constants in each injection i,
which have been defined as follow:

A;i=Vi/2q; Bi=nMy+Ly, C;=4nMyL, )

where V; and ¢; are the volume of the reaction solution
and total cumulative heat (by kJ mol™', which can be
obtained from Fig. 2) in the calorimetric sample cell
in each injection step, respectively. According to data
shown in Fig. 2, the total cumulative heats respect to
kJ mol™" are known in any different values of M, and
Ly; therefore, 4;, B; and C; are known in all titration
steps. Equation (8) contains two unknowns, K and
AH. A series of reasonable value for K is inserted into
Eq. (8) and corresponding values for AH are calcu-
lated and the graph AH vs. K is constructed. Curves of
all titration steps will intersect in one point, which
represents the true value for AH and K. Actually, this
method represents a simple graphical non-linear fit-
ting method. The plots of AH vs. K, according to
Eq. (8), for all injections are shown in Fig. 4. The in-
tersection of curves gives:
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4 AH vs. K for all 20 injections in the reasonable values
of K, according to Eq. (8), using data in Fig. 2. The co-
ordinates of intersection point of curves give true value
for AH and K

K=52uM AH=-17.4kJ] mol
The conformity of K and AH values obtained

from two methods are observed.

Some metal ions like Zn*", Cd*", Hg*" and Co*" are

known to promote hGH reversible dimerization. But in
the presence of Ca”" there is no significant dimerization
of hGH in solutions [41]. There is not any precise and
complete report on the thermodynamics of metal ions
binding by hGH in the literature. Now we found that
there is a set of three identical and independent binding
sites for calcium ion binding on the surface of hGH. The
intrinsic dissociation equilibrium constant and the molar
enthalpy of binding for calcium ions are 52 uM and
~17.4 kJ mol™", respectively. Calcium ions binding to
the surface of the protein may cause some modification
to prevent dimerization of hGH.

The new calorimetric method described in this pa-

per allows obtaining the number of binding sites (),
the molar enthalpy of binding site (AH) and the disso-
ciation equilibrium constant (K) for a set of
biomacromolecule binding sites. The lack of a suitable
value for gmax to obtain a linear plot of (Aq/qmax)Mo Vs.
(Ag/q)L, may be related to the existence of non-identi-
cal binding sites or the interaction between them.

Acknowledgements

The financial support of the Research Council of University of
Tehran and the National Research Center of Genetic Engi-
neering and Biotechnology (NRCGEB), Tehran, is gratefully
acknowledged.

178

References

1

5

6

7
8

9

10

11

12

13

14

15

16
17

J. T. Edsall and H. Gutfreund, Biothermodynamics, Wiley,
New York 1984, Chapter 6.

E. Freire, O. L. Mayorga and M. Straume, Anal. Chem.,
62 (1990) 950A.

S Leavitt and E. Freire, Curr. Opin. Struct. Biol.,

11 (2001) 560.

M. J. Cliff and J. E. Ladbury, J. Mol. Recognit.,

16 (2003) 383.

M. J. Cliff, A. Gutierrez and J. E. Ladbury, J. Mol. Recognit.,
17 (2004) 513.

A. A. Saboury, A. K. Bordbar and A. A. Moosavi-Movahedi,
Bull. Chem. Soc. Jpn., 69 (1996) 3031.

A. A. Saboury, Thermochim. Acta, 320 (1998) 97.

S. Z. Bathaie, A. A. Moosavi-Movahedi and A. A. Saboury,
Nucleic Acids Res., 27 (1999) 1001.

A. A. Saboury, F. Hosseini-Kishani, M. Rezaei-Tawirani
and B. Ranjbar, Prog. Biochem. Biophys., 30 (2003), 732.
A. Arabzadeh, S. Z. Bathaie, H. Farsam, M. Amanlou,

A. A. Saboury and A. A. Moosavi-Movahedi, Int. J. Pharm.,
237 (2002) 47.

A. K. Bordbar, A. A. Moosavi-Movahedi and A. A. Saboury,
Thermochim. Acta, 287 (1996) 343.

A. A. Saboury, A. K. Bordbar and A. A. Moosavi-Movahedi,
J. Chem. Thermodyn., 28 (1996) 1077.

K. Nazari, A. A. Saboury and A. A. Moosavi-Movahedi,
Thermochim. Acta, 302 (1997) 131.

A. A. Moosavi-Movahedi and A. A. Saboury,

Jour. Chem. Soc. Pak., 21 (1999) 248.

J. Chamani, A. A. Moosavi-Movahedi, A. A. Saboury,

M. Gharanfoli and G. H. Hakimelahi, J. Chem. Thermodyn.,
35(2003) 199.

M. L. Bianconi, J. Biol. Chem., 278 (2003) 18709.

A. A. Saboury, A. Divsalar, G. Ataie, M. Amanlou,

A. A. Moosavi-Movahedi and G. H. Hakimelahi,

Acta Biochim. Pol., 50 (2003) 849.

18 A. A. Saboury, S. Bagheri, G. Ataie, A. A. Moosavi-Movahedi,

19

G. H. Hakimelahi and G. Cristalli, Asian J. Chem.,

17 (2005) 233.

A. A. Saboury, A. Divsalar, G. Ataie,

A. A. Moosavi-Movahedi, M. R. Housaindokht and

G. H. Hakimelahi, J. Biochem. Mol. Biol., 35 (2002) 302.

20 N. Sarri-Sarraf, A. A. Saboury and A. A. Moosavi-Movahedi,

21

22

23

24

25

26

27

28

J. Enzym Inhib. Med. Chem., 17 (2002) 203.

A. A. Saboury and A. A. Moosavi-Movahedi,

J. Enzym Inhib., 12 (1997) 273.

M. J. Koenigbaure, S. H. Brooks, G. Rullo and R. A. Couch,
Pharm. Res., 9 (1992) 939.

A. A. Saboury, M. Miroliae, M. Nemat-Gorgani and
A. A. Moosavi-Movahedi, Thermochim. Acta,

326 (1999) 127.

P. Fini, M. Castagnolo, L. Catucci, P. Cosma and

A. Agostiano, J. Therm. Anal. Cal., 73 (2003) 653.

T. F. Bolles and R. S. Drago, J. Am. Chem. Soc.,

87 (1965) 5015.

M. A. Laandav, M. N. Markovich and L. A. Pyruzyan,
Biochim. Biophys. Acta, 493 (1977) 1.

A. Chen and I. Wadso, Biochem. Biophys. Meth.,

6 (1982) 307.

A. A. Saboury, N. Sarri-Sarraf and S. Saeidian,
Thermochim. Acta, 381 (2002) 147.

J. Therm. Anal. Cal., 83, 2006



29

30
31
32
33

34
35
36
37

38

BINDING STUDY OF CALCIUM IONS BY HUMAN GROWTH HORMONE

T. Wiseman, S. Williston, J. F. Brandts and L. Lin,

Anal. Biochem, 179 (1989) 131.

A. A. Saboury, J. Therm. Anal. Cal., 72 (2003) 93.

A. A. Saboury, Jour. Chem. Soc. Pak., 22 (2000) 204.

A. A. Saboury, Biologia, 57 (2002) 221.

M. Ghadermarzi, A. A. Saboury and

A. A. Moosavi-Movahedi, Pol. J. Chem., 72 (1998) 2024.

A. A. Saboury, Indian J. Biochem. Biophys., 37 (2000) 347.

A. A. Saboury, J. Chem. Thermodyn., 17 (2003) 1975.

A. A. Saboury, J. Therm. Anal. Cal., 77 (2004) 997.

A. A. Saboury, S. Bagheri, G. Ataie, M. Amanlou,

A. A. Moosavi-Movahedi, G. H. Hakimelahi, G. Cristalli
and S. Namaki, Chem. Pharm. Bull., 52 (2004) 1179.

T. A. Bewley, J. Brovetto-Cruz and C. H. Li, Biochemistry,
8 (1969) 4701.

J. Therm. Anal. Cal., 83, 2006

39 A. M. de Voc, M. Ultsch and A. A. Kossiakoff, Science,
255 (1992) 306.

40 A. V. Filikov, R. J. Hayes, P. Luo, D. M. Stark, C. Chan,
A. Kundu and B. I. Dahiyat, Protein Sci., 11 (2002) 1452.

41 G. Dienys, J. Sereikaite, V. Luksa, O. Jarutiene, E. Mistiniene
and V.-A. Bumelis, Bioconjugate Chem., 11 (2000) 646.

Received: February 17, 2005
In revised form: May 4, 2005

DOI: 10.1007/s10973-005-6954-7

179




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


