
• Tricarboxylic acid cycle (TCA) oxidizes acetyl-CoA to
CO2 when functions in its full capacity. It supplies
NADH for oxidative phosphorylation in the respiratory
chain and thus has a major role in energy metabolism. It
is also a source of three essential precursor metabolites.
Many organisms contain partial TCA, functioning
mainly as a source of precursor metabolites. Specifically,
2-ketoglutarate, oxaloacetate, and succinyl-CoA are
starting points for the biosynthesis of glutamate,
aspartate, and porphyrin,respectively

• Green bacteria and archaea assimilate CO2 by employing
reducing power (in the form of reduced ferredoxin) to
reverse the normal direction of carbon flow through the
TCA cycle and to produce 6 metabolites.  “Reductive
carboxylic acid cycle” (also called the reductive
tricarboxylic acid cycle)  appeared to be the sole CO2
assimilation pathway in Chlorobium thiosulfatophilum
(Evans et al. 1966).

• This Subsystem has been annotated across 292 genomes.
About 120 of them possess complete set of functional
roles.  Approximately the same number of organisms
appear to contain other physiologically relevant variants
of this subsystem.  Some of them are discussed below.
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TCA Cycle: Subsystem diagram

The “Citrate cycle (TCA cycle)” metabolic map is reproduced from KEGG (http://www.genome.jp/kegg/) with
modifications.  Functional roles are indicated by the corresponding EC numbers, blue arrows show output of  NADH
and essential metabolites produced in TCA.



III. Missing oxoglutarate-
Fumarate branch and citrate synthase
(Citrate lyase is present): Utilization
of citrate as a starting metabolite

II. oxoglutarate 
as a starting metabolite:
Utilization of 
Glutamate,lysine?

I.Reversed TCA

Subsystem Spreadsheet (a fragment) 

Rows are coloured by
one of organism's
attributes available in
SEED: oxygen.
Orange - aerobic, blue -
anaerobic, dark
magenta - facultatively
aerobic, light magenta -
facultatively
anaerobic. Comments
in red (I, II, III) are
discussed in detail in
the next slides.



??

I. Reverse TCA Cycle in Chlorobium
• 2-oxoglutarate synthase (EC 1.2.7.3) is

essential, but genes for the 2 out of 4
subunits of this complex cannot be
identified in two Chlorobia genomes.

• The complete set of 2-oxoglutarate
synthase subunits in Archeoglobus is
shown for comparison

• citrate aldolase (EC 4.1.3.6) is essential
in reverse TCA cycle in Chlorobium
tepidum

• See also the Notes section on the TCA
Cycle subsystem page in SEED

Open questions, comments, conjectures 
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• Functional roles 2.3.3.1,  4.2.1.3 and 1.1.1.42 are
“missing”

• Partial TCA, hence requirement for external 2-
oxoglutarte supply (2-oxoglutarate, glutamate, or
lysine utilization)

• Other groups of organisms asserted with the same
functional variant: Chlamidophila, Actinobacillus,

• Candidatus, Haemophilus, Wigglesworthia

II. “Chlamidia-type” TCA - functional variant 123  
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• Only roles 4.2.1.3,
1.1.1.42, 4212, 1.1.1.37,
and 4.1.36 are present.

• Partial TCA, hence
requirement for the
external citrate supply

II. “Clostridium-type” TCA - functional variant 145  



• A fragment of subsystem spreadsheet is shown
• Matching colors highlight genes that occur close to each other on the chromosome
• In different genomes orthologous genes are clustered in various combinations
• Genes encoding subunits of enzymatic complexes form very conservative clusters
• Aconitase homologs often cluster with LpdA

IV. Missing oxoglutarate-
succinate branch

Missing
oxoglutarate dehydr

Comment  IV is discussed in the next slide

Missing
oxoglutarate

dehydrogenase

III.  Functional coupling of the TCA genes
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IV.”Synechococcus and Synechocystis”- type TCA - functional variants 2 and 11
• The absence of 2-oxoglutarate dehydrogenase complex is absent (variant code 2) is characteristic for anaerobic

growth on glucose and for photoautotrophs. Oxaloacetate is the primary starting metabolite, from which
oppositely directed TCA branches operate. Other organisms asserted with this functional variant: Nostoc,
Sulfolobus, Aquifex, Bacteroides,Clorobium, Ferroplasma,

• The absence of 1.2.4.2 can be compensated by 1.2.7.3. (Wolinella, Campylobacter, Archaeoglobus,
Chlorobium(?), Methanococcus, Methanothermobacter, Desulfovibrio, etc)

• 6.2.1.4 is missing  in Synechococcus, Prochlorococcus, Gloeobacter, Helicobacter: these organisms have other
active routes for production of Succinyl –CoA required for porphyrin biosynthesis.



Comments, conclusions

• Only a few functional variants of the TCA cycle (out out many asserted in SEED) were
discussed here

• Potential sources of mistakes in the interpretation of functional variants of a subsystem:
– “Overannotation” of paralogous gene families
– Miscalled and uncalled ORFs:  short (less than 100 amino acids) ORFs are often missed by

automatic ORF calling software.  For example, delta subunit of 2-oxoglutarate
oxidoreductase, the shortest protein of this complex, has not been called in the majority of
genomes where three other subunits are clearly present

– In organisms with unknown physiology it is a nontrivial task to distinguish between the cases
of “missing genes” due to (yet unidentified) non-orthologous gene displacements, and those
where functional role is lacking for physiological reasons

• Lipoamide dehydrogenase encoded by lpdA is the shared component of the 2-
oxoglutarate dehydrogenase and pyruvate dehydrogenase complexes. Its sole presence
in a genome (and in the subsystem spreadsheet) can be confusing.  Analysis of the
corresponding gene cluster often helps identify the actual complex LpdA belongs to in
a particular organism.

• Some function roles have no sequences associated with them in any organism (globally
“missing”).  In genomes with “missing” functional role 6.2.1.4, the presence of the
potentially complementing 3.2.1.3 can be only inferred, but not established, since no
corresponding sequence has been identified


