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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Amino acid metabolism ↗

Stable identifier: R-GGA-372568

Several intracellular transport processes and transamination reactions that are components of amino acid metabolism 
are also needed for gluconeogenesis. These reactions are listed here together with four reactions associated with 
arginine metabolism.
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Arginine metabolism ↗

Location: Amino acid metabolism

Stable identifier: R-GGA-187630

Arginine is an essential amino acid in chickens. Citrulline, but not ornithine, can substitute for at least part of this 
nutritional requirement, and enzymes capable of converting cirulline to agininosuccinate, and the latter molecule to 
arginine and fumarate have been found in chicken kidney tissue, albeit not in liver. A mitochondrial enzyme that 
catalyzes the hydrolysis of arginine to ornithine and urea has also been found and biochemically characterized 
(Tamir and Ratner 1963a, b). It may play a role in polyamine biosynthesis (Grillo et al. 1983).

Biochemical studies and searches of the chicken genomic DNA sequence for open reading frames encoding proteins 
with homology to known human ones suggest that two additional reactions may occur in chickens that are related to 
arginine metabolism and the urea cycle in human. Their roles in normal chicken physiology are unknown. A chicken 
protein with ornithine transcarbamylase activity has been identified (Tsuji 1983), although conversion of ornithine to 
citrulline is undetectable in vivo (Tamir and Ratner 1963a). Transporters capable of exchanging ornithine and 
citrulline across the inner mitochondrial membrane have been inferred to exist from genome analysis.

Literature references
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oxaloacetate + glutamate <=> aspartate + alpha-ketoglutarate (2-oxoglutarate) ↗

Location: Amino acid metabolism

Stable identifier: R-GGA-372564

Type: transition

Compartments: mitochondrial matrix

Mitochondrial GOT2 catalyzes the reversible transamination of oxaloacetate and glutamate to form aspartate and 
alpha-ketoglutarate (2-oxoglutarate). The active form of the enzyme is a homodimer, with one molecule of pyridoxal 
phosphate bound to each enzyme monomer (Graf-Hausner et al. 1983; McPhalen et al. 1992).

Followed by: aspartate [mitochondrial matrix] + glutamate [cytosol] <=> aspartate [cytosol] + glutamate 
[mitochondrial matrix]
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aspartate + alpha-ketoglutarate (2-oxoglutarate) <=> oxaloacetate + glutamate ↗

Location: Amino acid metabolism

Stable identifier: R-GGA-372559

Type: transition

Compartments: mitochondrial matrix

Mitochondrial GOT2 catalyzes the reversible transamination of aspartate and alpha-ketoglutarate (2-oxoglutarate) to 
form oxaloacetate and glutamate. The acrtive form of the enzyme is a homodimer, with one molecule of pyridoxal 
phosphate bound to each enzyme monomer (McPhalen et al. 1992).
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oxaloacetate + glutamate <=> aspartate + alpha-ketoglutarate (2-oxoglutarate) ↗

Location: Amino acid metabolism

Stable identifier: R-GGA-372717

Type: transition

Compartments: cytosol

Cytosolic GOT1 catalyzes the reversible transamination of oxaloacetate and glutamate to form aspartate and alpha-
ketoglutarate (2-oxoglutarate). The active form of the enzyme is a homodimer, with one molecule of pyridoxal 
phosphate bound to each enzyme monomer (Shlyapnikov et al. 1979).

Literature references
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aspartate + alpha-ketoglutarate (2-oxoglutarate) <=> oxaloacetate + glutamate ↗

Location: Amino acid metabolism

Stable identifier: R-GGA-372719

Type: transition

Compartments: cytosol

Cytosolic GOT1 catalyzes the reversible transamination of aspartate and alpha-ketoglutarate (2-oxoglutarate) to form 
oxaloacetate and glutamate. The active form of the enzyme is a homodimer, with one molecule of pyridoxal 
phosphate bound to each enzyme monomer (Shlyapnikov et al. 1979).

Preceded by: 2-oxoglutarate [mitochondrial matrix] + 2-oxoadipate [cytosol] <=> 2-oxoglutarate [cytosol] 
+ 2-oxoadipate [mitochondrial matrix], aspartate [mitochondrial matrix] + glutamate [cytosol] <=> aspart-
ate [cytosol] + glutamate [mitochondrial matrix]

Literature references
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structure of cytoplasmic aspartate aminotransferase from chicken heart and its homology with pig heart isoen-
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2-oxoglutarate [mitochondrial matrix] + 2-oxoadipate [cytosol] <=> 2-oxoglutarate 
[cytosol] + 2-oxoadipate [mitochondrial matrix] ↗

Location: Amino acid metabolism

Stable identifier: R-GGA-372742

Type: transition

Compartments: mitochondrial inner membrane, cytosol, mitochondrial matrix

Inferred from: 2-oxoglutarate [mitochondrial matrix] + 2-oxoadipate [cytosol] <=> 2-oxoglutarate 
[cytosol] + 2-oxoadipate [mitochondrial matrix] (Homo sapiens)

SLC25A21, the mitochondrial 2-oxodicarboxylate carrier, mediates the exchange of 2-oxoadipate and 2-oxoglutarate 
across the inner mitochondrial membrane. No chicken transport protein capable of mediating this reaction has been 
identified, although an open reading frame capable of encoding a protein closely similar to authentic human 
SLC25A21 has been identified computationally in the ENSEMBL chicken gene set. This reaction is inferred from its 
human counterpart.

Followed by: aspartate + alpha-ketoglutarate (2-oxoglutarate) <=> oxaloacetate + glutamate
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aspartate [mitochondrial matrix] + glutamate [cytosol] <=> aspartate [cytosol] + 
glutamate [mitochondrial matrix] ↗

Location: Amino acid metabolism

Stable identifier: R-GGA-372726

Type: transition

Compartments: mitochondrial inner membrane, mitochondrial matrix, cytosol

Inferred from: SLC25A12,13 exchange L-Glu and L-Asp (Homo sapiens)

SLC25A12 and SLC25A13 each mediate the exchange of cytosolic aspartate and mitochondrial glutamate. Both 
transport proteins are localized in the inner mitochondrial membrane. No chicken transport proteins capable of 
mediating this reaction has been identified, although open reading frames capable of encoding a protein closely 
similar to authentic human SLC25A12 and SLC25A13 have been identified computationally in the ENSEMBL 
chicken gene set. This reaction is inferred from its human counterpart.

Preceded by: oxaloacetate + glutamate <=> aspartate + alpha-ketoglutarate (2-oxoglutarate)

Followed by: aspartate + alpha-ketoglutarate (2-oxoglutarate) <=> oxaloacetate + glutamate
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