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“System resources”

Regulatory genes

“Operating System”
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EC 1.x.x.x Oxireductases: transfer of hydrogen or electrons

EC 2.x.x.x Transferases: transference of atoms

EC 3.x.x.x Hydrolases: addition or removal of water

EC 4.x.x.x Lyases: cleavage or addition of double bonds

EC 5.x.x.x Isomerases: rearrangement of atoms

EC 6.x.x.x Ligases: formation of covalent bonds
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Example: 2.1.1.1

2. Transferases

2.1. Transferring One-Carbon Groups

2.1.1. Methyltransferases

2.1.1.1 nicotinamide N-methyltransferase
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γ−kkP ~)(
(Poisson)

kekP −~)(
Jeong et al., Nature v.407, 651, 2000.
Strogatz Nature (2001)
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Percentage of 
essential proteins
of
S. cerevisiae

k5 10 15

1870 proteins
2240 interactions

k<6  (93%)
21%  essential

k>15 (0.7%)
62% non-essential

H. Jeong et al., Nature v.411, 41, 2001.
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A  +  B  +  G  � C  +  D  +  E

C  +  D  � F  +  G

α

β

A

B

α β

C

D

E

F

G
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metabolites

enzyme

bipartite
graph



We consider only reactions involved in the small molecule 
metabolism.

Small molecule metabolism is a subset of the 
complete metabolism that excludes DNA 
replication and protein synthesis reactions (large 
molecules).



Building the metabolic network:

* collect all annotated EC numbers for the organism and 
corresponding reactions in the corresponding metabolic map using
the KEGG database

Inconsistencies in data are common 
since annotation is error prone

Analysis of metabolic network



Examples of inconsistencies:

* a reaction may require a metabolite that is not produced by any 
other reaction or is not available from an external source, then the 
reaction is excluded: 

* some reactions require metabolites that are not produced inside the 
cell, however if what is produced is used in other reactions, we
determine all external metabolites required and use them as inputs 
for the simulation



* in the Kegg database the same reaction is showed with different
directions (reversible or irreversible):

Map Pentose Phosphate Pathway (in archive .txt)

R00302  1.1.3.10  D-Glucose + O2� 2-Dehydro-D-glucose + H2O2



d < 5:  91%          d > = 5:  9%
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Fraction

damage

Correlation

F-test

P-value = 0.0228
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Two groups: 
d   <  5:   91%  ->  50% of not essentials

d > = 5:    9%  ->  50% of essentials

P ( 9% ; 50% of essentials )  =  10 -7
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High damage, not essential => present in culture medium (?)

low damage, essential => not metabolism
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