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ABSTRACT

Program Atp2 computes the transformed standard Gibbs energy A, G° (kJ mol™) for the ATP
hydrolysis at various pH values. The incorporation of a table form which consists of three ionic
strengths and their corresponding groups of equilibrium constants is essential to implement the
simulation. The tables consisted of any three from six 1onic strengths (0, 0.17, 0.20, 0.21, 0.22 and
0.30 mol kg™ and their corresponding groups of ten equilibrium constants. Twenty 10x3 tables
thus formed were incorporated to the program one by one and the computation of A G* was carried
out. at pH 6.8, When the equilibrium constants corresponding to ionic strength (I) O consisted of
elements at one column, A G* was highest. In cases when the equilibrium constants at 1 =0.17
were elements of cone column and other two columns were not composed of the constants
corresponding to I =0 and I = 0.30 which are ionic strengths distant from cellular conditions, the
Gibbs energy was the lowest value. When the equilibrium constants corresponded to ionic strengths
relatively remote from the physiological region, AG® values were higher than those computed with
the constants corresponding to ionic strengths on typical cellular conditions. The present study has
shown the importance of two features. First, a table form which relates a group of quantities to
another group of quantities is essential for complicated computing. Secondly, theoretical simulation
well supported by exact experimental data displays important significance. An extension of this
work would take notice of these findings.
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INTRODUCTION

Adenosine triphosphate (ATF) acts not only as the energy store, but also as a kinetically
versatile coupling agent (Hanson, 1989). The essence of ATP action is its ability to lose its terminal
phosphate (P1) by hydrolysis and to form Adenosine diphosphate (ADP). The hydrolysis is exergonic
and this exergonicity depends on temperature, pH, pMg (= -log[Mg®]) and ionic strength (I)
{Alberty, 2003). There are two explanations of the molecular basis for the exergonicity of the ATFP
hydrolysis reaction. The first is the hypothesis that electrostatic repulsion between adjacent
phosphate groups is a factor that contrels the exergonicity of ATP hydrolysis. The second
explanation is the destabilizing effect of opposing resonance along the P-O-P backbone of the ATP
molecule in comparison to the reduced effect of its hydrolysis products. Several investigators have
attempted the quantitative explanations of these hypotheses using the most up-to-date computing
methods (Colvin et al., 1995; Hansia et al., 2006; Arabi and Matta, 2009).

In aqueous solutions, ATP can take acidic forms, ATP* and HATP?". It also binds Mg® in
cellular environments to form MgATP?", MgHATP~ and Mg, ATP (Storer and Cornish-Bowden,
1976). The Gibbs energy of ATP hydrolysis is influenced by alterations in pH and I. Theoretical
simulation of the ATP hydrolysis is very complicated not only because the components in the process
have many forms, but also because three variables, pH, pMg and I, need to be considered.
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Table 1: Equilibrium constants for ATP, ADP and Pi at 37°C and various ionic strengths (I) (mol kg™)

Constant Reaction 10 1017 10.20 Io21 Io22 1030
K, HATP* - ATP* + H* 7.731 6.951 6.959 6.959 6.951 7.011
K, ATPY + Mg? - MegATPE 5971 -4.649 -4.690 -4.708 -4.729 -4.940
K MgHATP - MgATP* + H* 5.310 5.210 5.229 5.240 5.260 5.340
K, HATP® + Mg® - MgHATP~ -3.650 -2.810 -2.851 -2.869 -2.881 -3.061
K; HADP?~ - ADP?- + H' 7.240 6.710 6.750 6.750 6.750 6.821
K ADP* + Mg - MgADP~ -4.391 -3.539 -3.580 -3.600 -3.610 -3.789
K. MgHADP -~ MgADP~ + H* 5.319 5.250 5.250 5.260 5.260 5.289
K HADP* + Mg® - MgHADP -2.480 -2.000 -2.021 -2.029 -2.041 -2.140
K H,PO,” - HPO,* + H* 7.149 6.721 6.699 6.688 6.678 6.662
Ky, HPO2 + Mg* - MgHPO, -2.800 -2.053 -2.021 -2.029 -2.029 -2.004

The values of the constants for the ten reactions were calculated using data given by TABLE VI in Rosing and Slater (1972) paper and
converting to the negative logarithms (base 10) of the data.

Computer program Atp2 (Cropper, 1998) written in Mathematica code computes the
transformed standard Gibbs energy (A.G°) (kJ mol™) for the ATP hydrolysis at various pH values.
In the program, a table of equilibrium constants at three ionic strengths (mol kg™) is used. The
data reported by Rosing and Slater (1972) are introduced in this table, but the basis in preparing
the table is not. clear. In the present study, values of the constants reported by Rosing and Slater
(1972) have been readjusted and computations have been implemented with tables prepared
according to a well-defined protocol.

MATERIALS AND METHODS

Between pH 6 and 9, there are ten equilibrium constants for ATP, ADP and Pi. Values of the
equilibrium constants for these compounds have been given by Rosing and Slater (1972). The data
were converted to the negative logarithms (base 10). The ten equilibrium eonstants (K,-K,,) thus
obtained corresponding to six ionic strengths are listed in Table 1.

Table forms used in the present study consisted of the ten equilibrium constants at any three
of the six ionic strengths. These 10%3 table forms were essential for computing.

Computational methods: The program Atp2 is written in Mathematica code and included in the
CD-EOM that accompanies the Cropper’s book. The programs used in the present study were
modified slightly from Atp2 and calculated A G® for pH = 6.8, pMg = 3.0 and 1 = 0.15 mol kg *.
These values are typical for cellular conditions.

Two kinds of output, one was graphical and another was numerical, were obtained by the
implementation. The former was the pH profile of A G* and the latter was AG* at pH 6.8. This
study was carried out in author’s home office from January 2009 to May 2010,

RESULTS

There are twenty combinations of the six ionic strengths taken any three. Table 2 shows A G
computed using the ten equilibrium constants corresponding to three 1onic strengths in the table
form on the fourteenth line of the program. The data in Table 2 are A G* for pH 6.8,

Two findings emerged from the computing results. First, in cases when the equilibrium
constants at the first column were those at 1=0, the Gibbs energy was higher than that computed
with the table in which the constants at three columns corresponded to ionie strengths other than
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Fig. 1. Compariscn of the profiles of the highest and lowest A G values computed by using the
table forms indicated in Table 2. The solid and broken lines indicate the highest and lowest
AG® (kkd mol™), respectively. (A) The horizontal lines indicate the groups of three ionic
strengths (mol kg™) to which the highest and lowest Gibbs energies correspond. The lowest
energy was also obtained by computing with the equilibrium constants which corresponded
to other two groups of ionic strengths (0.17, 0.20, 0.22) and (0.17, 0.21, 0.22). (B) The pH
profiles of A, G* for the ATF hydrolysis reaction

Table 2: Values of A,G% (kJ moal™) at pH 6.8 computed by using ten equilibrium constants at groups of three ionic strengths (I)
(mol kg') in the table form on the fourteenth line of the program

Second column (I)

First column (I) 0.17 0.20 0.21 0.22 Third column (T)
0 -22.85 0.20
-22.85 -22.83 0.21
-22.85 -22.82 -22.82 0.22
-22.84 -22.81 -22.81 -22.80 0.30
0.17 -24.96 0.21
-24.96 -24.96 0.22
-24.95 -24.94 -24.93 0.30
0.20 -24.78 0.22
-24.77 -24.75 0.30
0.21 -24.72 0.30

0. Secondly, when the equilibrium constants which corresponded to [ = 0.17 consisted of the first
column and other two columns were not composed of the constants corresponding to I =0 and
1 = 0.30 which are distant from cellular conditions, the computed Gibbs energy was the lowest
value. The lowest value was obtained in cases where the table forms were composed of the
equilibrium constants corresponding to the following three groups of ionic strengths: (0.17, 0.20,
0.21), (0.17, 0.20, 0.22) and (0.17, 0.21, 0.22) (Table 2). These results are illustrated in Fig. 1 A,
Comparison of the pH profiles of the highest and lowest (Gibbs energies 1s shown in Fig. 1B. Precise
simulation was able to implement using the table form to which values derived from the exact

experimental data were assigned as elements.
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DISCUSSION

The two-dimensional table forms on the fourteenth line in the programs were essential for
computing. With a one-dimensional vector form (Tam, 2008), such as a group of ten equilibrium
constants which corresponded to one ionic strength (for example, [ = 0.17 only), computation was
not able to implement.. It 1s necessary to relate a group of three 1onic strengths to corresponding ten
equilibrium constants.

The following table is used in the original Atp2 program.

7.727 -6.967 15.36
-5.964 12.65 -30.68
5.309 -1.376 4.969
-3.6486 8.228 -21.06
7.237 -4.828 11.58
-4.388 8.313 -21.23
5320 -0.7944 2.328
-2.478 4.709 -12.02
7.149 -3.569 6.488
-2.797 6.314 -12.30

The elements of the first column are obviously the group of the constants corresponding to
I =0 (Table 1). It is not informed, however, about sources of values in the second and third
columns. The Gibbs energy for pH 8.8 calculated with the original Atp2 is -27.05 kJ mol™. Using
the exact experimental data (Rosing and Slater, 1972) concerning the equilibrium constants for
various ionic strengths, the present study showed clearly that A G* computed fell into two groups,
lower values for the ionic strengths on typical cellular conditions and higher ones for those
relatively remote from the physiological region. In contradiction of the original Atp2 program, by
incorporating the readjusted experimental data into the table form, the present work has been able
to simulate precisely the relationships between the Gibbs energies for the ATP hydrolysis and
various values of ionic strengths which are within or beyond the physiclogical region.

In this study, the peint to be emphasized is that table forms which relate two groups of
quantities, can convey significant information. A matrix method consisting of four products and
corresponding three stages (mixing, reaction and separation) has been proposed to cbtain overall
optimization of the product cost (Shafeeq et al., 2008), This approach is in support of the usefulness
of the present study on table forms.

Nagy ef al. (2006) have found that the dynamiecs and structure relationship of biomolecules
is accessible with two-dimensional spectroscopies. Furthermore, they have shown that these
techniques can connect time-resclved picture with spatial resolution. These two-dimensional
spectroscopies (Nagy et al., 2006) and simulation with table forms in the present work are different,
subjects, but the two studies have something in common in the respect that relating groups of
quantities each other is essential for numerical processing.

The future direction of the present study will go on to more detailed examinations of significance
of table forms (neluding matrices and tensors) in simulation. Alberty (2004) has shown how the
thermodynamics of biochemical reactions like pyruvate dehydreogenase and the citric acid cycle can
be discussed at steady-state concentrations of certain coenzymes. For this approach, manipulations
of matrix multiplication have been needed. Furthermore, these manipulations have been applied
to the ATP hydrolysis and have obtained values of the transformed standard Gibbs energies for

159



Int. of. Biol. Chem., & (2): 156-160, 2011

the formation of ATFP, ADP and adenosine monophosphate (AMP) {(Alberty, 2008). EL-Naowk
(2007) has described that these operations can apply to writing in cipher and deciphering the
message. A foreseeable extension of the present research would be to include manmipulations of
matrix multiplication in the implementation of computing with high-level programming languages.

CONCLUSION

The incorporation of a two-dimensional table form which consisted of three ionic strengths and
corresponding groups of equilibrium constants was essential to compute A G® for the ATP
hydrolysis reaction. When equilibrium constants corresponded to ionic strengths relatively remote
from the physiological region, A G* values were higher than those computed using the constants
corresponded to ionic strengths on typical cellular conditions. The present study shows the
importance of two features. First, a table form which relates a group of quantities to another group
of quantities is essential for complicated computing. Secondly, theoretical simulation well supported
by exact experimental data displays important significance. An extension of this work would take
notice of these findings.
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