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Defining Metabolic Reactions
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3rd level: Stoichiometry

4th level: Thermodynamic Considerations: Directionality

1 LAC + 1 NAD ?      1 PYR + 1 NADH  + 1 H

LAC

Lactate Dehydrogenase

prokaryotes

eukaryotes

Primary metabolites Coenzymes

PYR

Charged Formulas

C3H6O3

C3H5O3
1-

C3H4O3

C3H3O3
1-

C21H26N7O14P2

NADH

5th level: Localization

1 LAC [c] + 1 NAD [c]           1 PYR [c] + 1 NADH [c]  + 1 H [c]↔

1 LAC + 1 NAD 1 PYR + 1 NADH  + 1 H↔1 LAC + 1 NAD 1 PYR + 1 NADH  + 1 H↔

NAD

[c]:   cytoplasm [n]:   nucleus [m]:  mitochondria
[e]:   extracellular [g]:   golgi aparatus [x]:   peroxisome
[p]:   periplasm [v]:   vacuole [h]:   chloroplast

[l]:   lysosome [r]:   endoplasmic reticulum

2nd level: Metabolite Formulas
Neutral Formulas

C21H26N7O14P2
1-

C21H27N7O14P2

C21H27N7O14P2
1-

1st level: Metabolite Specificity
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HEX1 PGI PFK FBA TPI GAPD PGK PGM ENO PYK
atp -1 0 -1 0 0 0 1 0 0 1
glc -1 0 0 0 0 0 0 0 0 0
adp 1 0 1 0 0 0 -1 0 0 -1
g6p 1 -1 0 0 0 0 0 0 0 0
h 1 0 1 0 0 1 0 0 0 -1

f6p 0 1 -1 0 0 0 0 0 0 0
fdp 0 0 1 -1 0 0 0 0 0 0

dhap 0 0 0 1 -1 0 0 0 0 0
g3p 0 0 0 1 1 -1 0 0 0 0
nad 0 0 0 0 0 -1 0 0 0 0
pi 0 0 0 0 0 -1 0 0 0 0

13dpg 0 0 0 0 0 1 -1 0 0 0
nadh 0 0 0 0 0 1 0 0 0 0
3pg 0 0 0 0 0 0 1 -1 0 0
2pg 0 0 0 0 0 0 0 1 -1 0
pep 0 0 0 0 0 0 0 0 1 -1
h2o 0 0 0 0 0 0 0 0 1 0
pyr 0 0 0 0 0 0 0 0 0 1

fbaA,fbaB[c]fdp ↔ dhap + g3pFBA

pykA,pykF[c]adp + h + pep → atp + pyrPYK
eno[c]2pg ↔ h2o + pepENO
gpmA,gpmB[c]3pg ↔ 2pgPGM
pgk[c]13dpg + adp ↔ 3pg + atpPGK
gapA,gapC_1,gapC_2[c]g3p + nad + pi ↔ 13dpg + h + nadhGAPD
tpiA[c]dhap ↔ g3pTPI

pfkA,pfkB[c]atp + f6p → adp + fdp + hPFK
pgi[c]g6p ↔ f6pPGI
glk[c]glc +atp → g6p + adpHEX1
GenesGlycolytic ReactionsAbbr.

fbaA,fbaB[c]fdp ↔ dhap + g3pFBA

pykA,pykF[c]adp + h + pep → atp + pyrPYK
eno[c]2pg ↔ h2o + pepENO
gpmA,gpmB[c]3pg ↔ 2pgPGM
pgk[c]13dpg + adp ↔ 3pg + atpPGK
gapA,gapC_1,gapC_2[c]g3p + nad + pi ↔ 13dpg + h + nadhGAPD
tpiA[c]dhap ↔ g3pTPI

pfkA,pfkB[c]atp + f6p → adp + fdp + hPFK
pgi[c]g6p ↔ f6pPGI
glk[c]glc +atp → g6p + adpHEX1
GenesGlycolytic ReactionsAbbr.

PYK:    IF pykA OR pykF
ENO:    IF eno
GAPD: IF gapA OR (gapC_1 

AND gapC_2)

Reconstruction of Glycolytic Pathway

Network Assembly and Representation
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Outline

• Quick tour of KEGG
• Using KEGG to reconstruct a metabolic 

network
• Reconstruction of a simple pathway
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Quick Tour of KEGG
http://www.genome.ad.jp/kegg/kegg2.html
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KEGG’s Pathway Database 
http://www.genome.ad.jp/kegg/pathway.html
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Making an organism-specific map

Enzymes in 
yeast are now 

shaded in 
green
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Yeast-specific information about EC 5.4.2.2

yeast databases

ORF, gene name
reaction 
information
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Reaction Information
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Yeast Databases
SGD: http://www.yeastgenome.org/

Localization:
cytosol

Gene-protein-reaction 
association:

“minor isoform”
suggests that there is an 

isozyme
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Yeast Databases
CYGD: http://mips.gsf.de/genre/proj/yeast/ 

Localization:
cytosol

Gene-protein-reaction 
association:

isozyme isYMR105c (PGM2)
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The first entry in our 
reconstruction: 

ORF
GENE
NAME

EC NUMBER
REACTION

LOCALIZATION

YKL127w
PGM1
Phosphoglucomutase, 

minor isoform
5.4.2.2
g1p ↔ g6p
cytosol

YKL127w

PGM1

Pgm1

g1p ↔ g6p

YMR105c

PGM2

Pgm2

GPR ASSOCIATION
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Now it’s your turn!
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Reconstruct this segment of the glycine, serine, and 
threonine metabolism map for Saccharomyces 

cerevisiae

You should include the 
following information in 
your reconstruction:
• ORF
• Gene
• Enzyme name
• EC number
• Reaction
• Localization
• GPR association
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Results
ORF ( YER081W or YIL074C ) YOR184W YGR208W

Gene ( Ser3 ) or (Ser33 ) Ser1 Ser2

Name phosphoglycerate dehydrogenase phosphoserine transaminase phosphoserine phosphatase

EC #r EC-1.1.1.95 EC-2.6.1.52 EC-3.1.3.3

Reaction 3-phosphoglycerate + nad <==> 
3phosphohydroxypyruvate + h + nadh

3phosphonooxypyruvate + L-glutamate 
<==> 2-oxoglutarate + O-phopspho-L-
serine

O-phopspho-L-serine + h2o <==> L-
serine + pi

Localization cytoplasm cytoplasm cytoplasm

ORF YGR208W YBR263W YLR058C

Gene Ser2-n Shm1-m Shm2

Name phosphoserine phosphatase glycine hydroxymethyltransferase glycine hydroxymethyltransferase

EC #r EC-3.1.3.3 EC-2.1.2.1 EC-2.1.2.1

Reaction O-phopspho-L-serine + h2o <==> L-
serine + pi

L-serine + tetrahydrofolate <==> 5,10-
methylenetetrahydrofolate + glycine + 
h2o

L-serine + tetrahydrofolate <==> 5,10-
methylenetetrahydrofolate + glycine + 
h2o

Localization nucleus mitochondrion cytoplasm

ORF ( YDR019C and YMR189W and 
YAL044C and YFL018C )

( YDR019C and YMR189W and 
YAL044C and YFL018C )

( YDR019C and YMR189W and 
YAL044C and YFL018C )

Gene ( Gcv1-m and Gcv2-m and Gcv3-m and 
Lpd1-m )

( Gcv1-m and Gcv2-m and Gcv3-m and 
Lpd1-m )

( Gcv1-m and Gcv2-m and Gcv3-m and 
Lpd1-m )

Name glycine-cleavage complex glycine-cleavage complex glycine-cleavage complex

EC #r EC-2.1.2.10 EC-1.4.4.2 EC-1.8.1.4

Reaction protein-S-aminomethyldihydrolipoyllysne 
+ tetrahydrofolate --> protein-
dihydrolipoyllysine + 5,10-
methylenetetrahydrofolate + nh3

glycine + H-protein-lipoyllysine <==> H-
protein-S-aminomethyldihydrolipoyllysine 
+ co2

protein-N6-(dihydrolipoyl)lysine + nad 
<==> protein-N6-(lipoyl)lysine + nadh + h

Localization mitochondrion mitochondrion mitochondrion
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What else is needed in our 
reconstruction?

• Need to reconcile the different metabolite names are 
used in the KEGG maps and reactions. 

• Need to determine reaction reversibility. Sometimes 
this can be inferred from the genome annotation, but 
usually we need to go to the literature.

• Need to identify alternate substrates.  This can 
typically be found in BRENDA, the enzyme database.

• Need to collect evidence. The genome annotation 
databases are useful for collecting this information.

• Need to assign confidence scores. This is based on 
the methods used to collect the evidence.

• Need to determine the formula and charge of each 
compound.

• Need to elementally and charge balance the 
reactions.



UW-Madison, Chemical & Biological Engineering

Other Useful Databases

• BRENDA: http://www.brenda.uni-koeln.de/
• ExPASy: http://us.expasy.org/enzyme/
• MetaCyc: http://metacyc.org/
• The SEED: http://theseed.uchicago.edu/FIG/index.cgi
• PSORT: http://www.psort.org/
• PROLINKS: http://128.97.39.94/cgi-

bin/functionator/pronav
• Transport Classification Database: 

http://www.tcdb.org/
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http://theseed.uchicago.edu/FIG/index.cgi
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Summary

• KEGG maps are a great starting point 
for metabolic reconstructions.

• Organism-specific databases are also 
useful since they collect many data 
types in one location.

• Metabolic reconstruction is a time-
consuming process that requires 
manual curation.


