Standard Gibbs F ree Energy Changes of Enzyme

Reactions in Metab olic Path w a y Computation

Susumu Goto

1

Nobuhiro F ukushima

2

Minoru Kanehisa

1

goto@kuicr.kyoto-u.ac.jp ayui@crj.cray.com kanehisa@kuicr.kyoto-u.ac.jp

1

Institute for Chemical Research, Kyoto Universit y

Gok asho, Uji, Kyoto 611, Japan

2

Cray Research Japan L TD.

Nikk o Ichibancho Bldg., 13-3 Ichiban-c ho, Chiyo da-ku, T oky o 102, Japan

Abstract

Standard Gibbs fre e ener gies of formation of bio chemic al comp ounds in aqueous solu-

tion are calculate d and applie d to determining the dire ction of enzyme re actions. Although

we nee d more analysis, a lar ge positive fre e energy change c ould be a b arrier of an enzyme

re action and c ould be used to suppress biochemic al ly infe asible r e actions in the compute d

pathways. The values of fre e ener gy changes c an also b e use d to sele ct the most feasible

candidate fr om sever al r e actions that use the same substrate.

1 Intro duction

As whole genome sequences of several organisms have b ecome av ailable, they present computa-

tional problems to analyze how biological comp onents are connected to form a functional unit,

such as a metab olic pathwa y and a signal transduction pathwa y . The KEGG pro ject aims to

computerize current knowledge of the information pathwa y of genes and gene pro ducts, which

may b e considered as wiring diagrams of biological systems[1]. Computation of biological path-

wa ys from a collection of interactions or relations is one of the chief ob jectives of the KEGG

pro ject. Currently

, our fo cus of the pathw ay computation is on a reconstruction of metab olic

pathw ays from the database of enzyme reactions and the list of enzymes for a sp eci�c organism,

such as Haemophilus in uenzae .

When computing metab olic pathways, how to determine bio chemically feasible pathw ays

from a number of calculated (p otential) pathw ays is a challenging problem. W e exploit standard

Gibbs free energy changes in enzyme reactions as a measure of the feasibility of metab olic

pathw ays. The standard Gibbs free energies of selected bio chemical comp ounds and the free

energy changes asso ciated with enzyme reactions are calculated for the LIGAND database[2],

based on the metho d describ ed in [3, 4].

2 Metho d and Results

In the COMPOUND section of the LIGAND database, there are ab out 5,000 bio chemical

compounds, including substrates, pro ducts, cofactors and inhibitors, that are related to enzyme

reactions. W e compiled standard Gibbs free energies of 251 comp ounds among them (185 from

[3] and 66 from our calculation). The calculation was based on the group-contribution metho d,

in which a comp ound was divided into functional groups and its standard Gibbs free energy

was the sum of the Gibbs free energy of each group and a constant origin. The v alues of the

Gibbs free energies of functional groups in aqueous solution were also taken from [3]. According

to Mavrovouniotis’s metho d[4], we then calculated the standard Gibbs free energy changes of

215 enzyme reactions taken from the ENZYME section of the LIGAND database, using the

Gibbs free energies of the 251 comp ounds.

W e then applied the calculated standard Gibbs free energy changes of enzyme reactions to

the pathw ay computation. Using the H. in uenzae data, the pathw ay from D-glucose to pyru-

v ate in glycolysis pro duced 27 pathways. Among them there were seven pathways containing the

reaction from phospho enolpyruv ate to pyruv ate with a large negative free energy change (-18.7

kcal/mol), and a pathway containing the reaction from oxaloacetate to phospho enolpyruv ate

with a large p ositive free energy change (34.4 kcal/mol).

Although we need more analysis, a large p ositive free energy change could b e a barrier of

an enzyme reaction and hence could b e considered as a bio chemically infeasible reaction. A

large negative free energy change may mean that the reaction is virtually irreversible, which

can also b e used to suppress the backward reaction. Another p ossibility of using the standard

Gibbs free energy changes is to select the most feasible candidate from several reactions that

start from the same substrate, for example, at the branching p oint of several pathways. Thus,

the scoring system using the Gibbs free energy change could b e useful to select bio chemically

feasible pathw ays and re�ne the results of pathway computations.

Ac kno wledgmen t

This work was supp orted in part by a Grant-in-Aid for Scienti�c Research on Priority Ar-

eas ‘Genome Science’ from the Ministry of Education, Science, Sp orts and Culture in Japan.

The computation time was provided by the Sup ercomputer Lab oratory

, Institute for Chemical

Research, Kyoto University .

References

[1] S. Goto, et al., \Organizing and Computing Metab olic Path wa y Data in terms of Binary

Relations," Pro c e e dings of Paci�c Symposium on Bio c omputing , in press, 1997.

[2] M. Suyama, et al., \Searching for Amino Acid Sequence Motifs among Enzymes: the

Enzyme Reaction Database," Comput. Appl. Biosci., V ol.9, pp. 9-15, 1993.

[3] M. L. Mavro vouniotis, \Group Contributions for Estimating Standard Gibbs Energies of

F ormation of Bio chemical Comp ounds in Aqueous Solution," Biote chnolo gy and Bioengi-

neering, V ol. 36, pp. 1070-1082, 1990.

[4] M. L. Mavrov ouniotis, \Identi�cation of Qualitatively F easible Metab olic Pathw ays," Ar-

ti�cial Intel ligence and Mole cular Biology , pp. 325-364, 1993.