


PRO identifiers are being incorporated into MGI Gene Detail Pages



Examples of Protein Complex 
Representation in PRO

• methylcrotonoyl-CoA carboxylase 
complex, mitochondrial (mouse)

• Isocitrate dehydrogenase complex, 
mitochondrial (mouse)

• COX1 homodimer complex

• Mitochondrial cytochrome oxidase: 
Respiratory chain complex IV (mouse)



Case 1: methylcrotonoyl-CoA carboxylase complex, 
mitochondrial (mouse)

• Complex composed of two subunits

– None of the subunits have isoforms

• Methylcrotonyl CoA carboxylase (MCC) 
– biotin-requiring enzyme 

– located in the mitochondria

– uses bicarbonate as a carboxyl group source to catalyze the 
carboxylation of a carbon adjacent to a carbonyl group performing the 
4th step in processing leucine, an essential amino acid.

• Point mutations and deletion events in the genes, MCC1 and 
MCC2, lead to MCC deficiency, an inborn error of metabolism 
– vomiting, metabolic acidosis, very low plasma glucose concentration, 

and very low levels of carnitine in plasma. 

– 1 in 36,000 births (ranges in severity)









[Term]
id: PRO:000025354
name: methylcrotonoyl-CoA carboxylase subunit alpha, mitochondrial (mouse)
def: "A methylcrotonoyl-CoA carboxylase subunit alpha, mitochondrial that is encoded in the 
genome of mouse." [PRO:CB]
comment: Category=organism-gene.
xref: UniProtKB:Q99MR8
intersection_of: PRO:000010233 ! methylcrotonoyl-CoA carboxylase subunit alpha, mitochondrial
intersection_of: only_in_taxon taxon:10090 ! Mus musculus

methylcrotonoyl-CoA carboxylase complex, mitochondrial : subunit 1

methylcrotonoyl-CoA carboxylase complex, mitochondrial : subunit 2

[Term]
id: PRO:000025357
name: methylcrotonoyl-CoA carboxylase beta chain, mitochondrial (mouse)
def: "A methylcrotonoyl-CoA carboxylase beta chain, mitochondrial that is encoded in the genome of 
mouse." [PRO:HJD]
comment: Category=organism-gene.
xref: UniProtKB:Q3ULD5
intersection_of: PRO:000010234 ! methylcrotonoyl-CoA carboxylase beta chain, mitochondrial
intersection_of: only_in_taxon taxon:10090 ! Mus musculus



[Term]
id: PRO:XXXXXXXX
name: methylcrotonoyl-CoA carboxylase complex, mitochondrial (mouse)
def: “A heterodimeric complex having 3-methylcrotonyl-CoA carboxylase activity. The alpha subunit has a 
covalently bound biotin essential for the ATP-dependent carboxylation. The beta subunit possess 
carboxyltransferase activity which presumably is essential for binding to 3-methylcrotonyl-CoA.[ref]”
xref: EC 6.4.1.4
relationship: is_a: GO:0002169! 3-methylcrotonlyl-CoA carboxylase complex, mitochondrial
relationship: has_part: ! PRO:000025354 methylcrotonoyl-CoA carboxylase subunit alpha, 

mitochondrial (mouse)
relationship: has_part:  ! PRO:000025357 methylcrotonoyl-CoA carboxylase beta chain, 
mitochondrial (mouse)

methylcrotonoyl-CoA carboxylase complex, mitochondrial (mouse)



• Store the disease context in PAF file? Set up to 
do this? Do our query tools allow users to 
retrieve these annotations?
– OMIM #210200

– OMIM #210210



Case 2: Isocitrate dehydrogenase complex, 
mitochondrial (NAD+) (mouse)

• Part of the TCA cycle
• Complex composed of multiple subunits

– Alpha (two isoforms)
• PRO:000008889 (generic)

– PRO:000025358 (mouse)
» PRO:000025352 (isoform 1)

PRO:000025355 (isoform 1, mouse)
» PRO:000025353 (isoform 2)

PRO:000025356 (isoform 2, mouse)
– Beta 

• PRO:000008890 (generic)
– PRO:000025359 (mouse)

– Gamma
• PRO:000008891 (generic)

– PRO:000025360 (mouse) Two other types:
1. Cytosolic complex: homodimer
2. Mitochondrial (NADP+): homdimer

http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000008889�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000025358�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000025352�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000025353�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000008890�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000025359�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000008891�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000025360�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000025360�


[Term]
id: PRO:000025358
name: isocitrate dehydrogenase 3 [NAD] subunit alpha, mitochondrial (mouse)
def: "An isocitrate dehydrogenase [NAD] subunit alpha, mitochondrial that is 
encoded in the genome of mouse." [PRO:HJD]
comment: Category=organism-gene.
xref: UniProtKB:Q9D6R2
intersection_of: PRO:000008889 ! isocitrate dehydrogenase 3 [NAD] subunit 
alpha, mitochondrial
intersection_of: only_in_taxon taxon:10090 ! Mus musculus

Isocitrate dehydrogenase 3 complex, mitochondrial  (mouse): alpha subunit

Isocitrate dehydrogenase, mitochondrial  (mouse): beta subunit and
Isocitrate dehydrogenase, mitochondrial (mouse): gamma subunit
…… have similar stanzas



[Term]
id: PRO:000008889
name: isocitrate dehydrogenase 3 [NAD] subunit alpha, mitochondrial
def: "An isocitrate dehydrogenase [NAD] subunit alpha, mitochondrial that is 
encoded in the genome of mouse." [PRO:HJD]

Isocitrate dehydrogenase 3 complex, mitochondrial 

Isocitrate dehydrogenase, mitochondrial  (mouse): beta subunit and
Isocitrate dehydrogenase, mitochondrial (mouse): gamma subunit
…… have similar stanzas



[Term]
Id:PRO:000025355 
name: isocitrate dehydrogenase 3 (NAD+) alpha, isoform 1  (mouse)
xref: UniProtKB:Q9D6R2-1
def: “ “
intersection_of: PRO:00002532! isocitrate dehydrogenase [NAD] subunit alpha, mitochondrial, isoform 
1 
intersection_of: only_in_taxon taxon:10090 ! Mus musculus

Isocitrate dehydrogenase 3 complex, mitochondrial  (mouse): alpha subunit, isoform 1

[Term]
Id:PRO:000025356  
name: isocitrate dehydrogenase 3 (NAD+) alpha, isoform 2 (mouse)
xref: UniProtKB:Q9D6R2-2
def: “ “
intersection_of: PRO:000025353! isocitrate dehydrogenase [NAD] subunit alpha, mitochondrial, 
isoform 2
intersection_of: only_in_taxon taxon:10090 ! Mus musculus

Isocitrate dehydrogenase 3 complex, mitochondrial  (mouse): alpha subunit, isoform 2



PRO:yyyyyyy IDH3 [NAD ]Complex 2 (mouse)
PRO:000025359 (beta)
PRO:000025360 (gamma)
PRO:000025355 (alpha isoform 1)

PRO:xxxxxx IDH3[NAD ]Complex
PRO:000008889 (generic alpha)
PRO:000008890 (generic beta)
PRO:000008891 (generic gamma)

PRO:zzzzzzz IDH3 [NAD ]Complex 3 (mouse)
PRO:000025359 (beta)
PRO:000025360 (gamma)
PRO:000025356 (alpha isoform 2)

PRO:uuuuuu IDH3 [NAD ]Complex 1 (mouse)
PRO:000025359 (beta)
PRO:000025360 (gamma)
PRO:000025358 (alpha)

http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000008889�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000008890�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000008891�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000025360�


[Term]
id: PRO:xxxxxxxxx
name: isocitrate dehydrogenase [NAD] complex, mitochondrial
xref:
def: “ “
is_a: GO:0005962! mitochondrial isocitrate dehydrogenase complex (NAD+)
has_part: PRO:000008889! isocitrate dehydrogenase [NAD] subunit alpha,     

mitochondrial
has_part: PRO:000008890! isocitrate dehydrogenase [NAD] subunit beta, 

mitochondrial
has_part: PRO:000008891! isocitrate dehydrogenase [NAD] subunit gamma, 

mitochondrial

Isocitrate dehydrogenase complex, mitochondrial
*the generic complex*



[Term]
id: PRO:yyyyyyy
name: isocitrate dehydrogenase 3 [NAD] complex 2, mitochondrial (mouse)
def: “ “
is_a: GO:0005962! mitochondrial isocitrate dehydrogenase complex (NAD+)
is_a: PRO:xxxxxx! isocitrate dehydrogenase 3 [NAD] complex, mitochondrial
has_part: PRO:000025359! isocitrate dehydrogenase 3 [NAD] subunit beta, 

mitochondrial (mouse)
has_part: PRO:000025360! !isocitrate dehydrogenase 3 [NAD] subunit gamma, 
mitochondrial (mouse)
has_part: PRO:000025355! isocitrate dehydrogenase 3 (NAD+) alpha, isoform 1
(mouse)

Isocitrate dehydrogenase 3 complex 2, mitochondrial  (mouse)
*the complex with isoform 1 of the alpha subunit*



Names and symbols for complexes—
•Who is the authority?
•Are there existing nomenclature 
standards?

Where to indicate tissue, cell type, 
developmental context, etc. in the PAF 
file?



Case 3: Homodimers

Prostaglandin biosynthesis
Ptgs1 (aka, Cox1) and Ptgs2 (aka, Cox2)

PRO:000013427 PRO:000013428

Cox1 homodimer complex complexed with aspirin
http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi?Dopt=s&uid=78790

http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000013427�
http://pir.georgetown.edu/cgi-bin/pro/entry_pro?id=PRO:000013428�




“Coxs are homodimers composed of 
identical subunits, but we have shown that 
only one subunit is active during catalysis; 
moreover, many nsSAIDS bind to a single 
subunit of a COX dimer to inhibit the COX 
activity of the entire dimer.”



[Term]
id: PRO:XXXXXXXX
name: COX1 homodimer complex
def: “”
relationship: has_part: PRO: aaaaaaaa! prostaglandin G/H synthase  1

Composition not part of 
stanza…how to indicate this info is 
in annotation file?



[Term]
id: PRO:XXXXXXXX
name: COX1 homodimer complex
def: “”
xref: EC 1.14.99.1
relationship: has_part: PRO: aaaaaaaa! prostaglandin G/H synthase  1 active
Relationship: has_part: PRO:bbbbbbb! prostaglandin G/H synthase  1 inactive

Make a PRO entry for both an 
active and inactive subunit?



http://www.nature.com/nrm/journal/v9/n7/images/nrm2434-i1.jpg

Mitochondrial cytochrome oxidase:
Respiratory chain complex IV

Case 4: A more complex complex



Respiratory chain complex IV

• Mitochondrial encoded parts
– COX I (mt-Co1) PRO:000025364
– COX II (mt-Co2) PRO:000025366
– COX III (mt-Co3) PRO:000025367

• Nuclear encoded mitochondrial parts
– COX IV (Cox4i1, Cox4i2) (PRO:000025368, PRO:000025369)
– COX Va (Cox5a) (PRO:000025370)
– COXVb (Cox5b) (PRO:000025371)
– COXVIa (Cox6a1, Cox6a2, Cox6a-ps)  (PRO:000025372, PRO:000025373)
– COXVIb (Cox6b1, Cox6b2) (PRO:000025374,  PRO:000025375)
– COX Vic (Cox6c) (PRO:000025376)
– COX VIIa (Cox7a1, Cox7a2, Cox7a2l) (PRO:000025377, PRO:000025378, 

PRO:000025379)
– COXVIIb (Cox7c)  (PRO:000025383)
– COXIII (Cox8a, Cox8b, Cox8c) (PRO:000025380, PRO:000025381, 

PRO:000025382)

The respiratory chain complex IV has 13 parts. 
Many of those parts (proteins) are encoded by a single gene.
But some of those parts can be encoded by multiple genes depending on the cell/tissue type.



A further complication….these entities can be 
“Fuzzy” Complexes….

We know the complex exists…we 
don’t always know what specific 
parts the complex contains



[Term]
id: PRO:XXXXXXXX
name: respiratory chain complex IV
def: “”
xref:
relationship: has_part: PRO:000025364 cox 1, mitochondrial
relationship: has_part: PRO:000025366 cox 2, mitochondrial
relationship: has_part: PRO:000025367 cox 3, mitochondrial
relationship: has_part: PRO:000025370 cox 5a, mitochondrial
relationship: has_part: PRO:000025371 cox 5b, mitochondrial
relationship: has_part: PRO:000025376 cox 6c, mitochondrial
relationship: has_part: PRO:000025383 cox 7c, mitochondrial
relationship: has_one_of: (PRO:000025368 cox4i1,  PRO:000025369 cox4i2)
relationship: has_one_of : (PRO:000025377 cox7a1, PRO:000025378 cox7a2, 
PRO:000025379 cox7a2l)
Etc…….

How to represent component 
uncertainty in a complex in 
PRO?
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