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Protein family review
The F-box protein family
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Summary

The F-box is a protein motif of approximately 50 amino acids that functions as a site of protein-protein
interaction. F-box proteins were first characterized as components of SCF ubiquitin-ligase complexes
(named after their main components, Skp1, Cullin, and an F-box protein), in which they bind substrates for
ubiquitin-mediated proteolysis. The F-box motif links the F-box protein to other components of the SCF
complex by binding the core SCF component Skp1. F-box proteins have more recently been discovered
to function in non-SCF protein complexes in a variety of cellular functions. There are 11 F-box proteins in
budding yeast, 326 predicted in Caenorhabditis elegans, 22 in Drosophila, and at least 38 in humans. F-box
proteins often include additional carboxy-terminal motifs capable of protein-protein interaction; the most
common secondary motifs in yeast and human F-box proteins are WD repeats and leucine-rich repeats,
both of which have been found to bind phosphorylated substrates to the SCF complex. The majority of
F-box proteins have other associated motifs, and the functions of most of these proteins have not yet
been defined.
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Characteristic structural features
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Localization and function
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Table 1

F-box proteins in the yeast, nematode, and human genomes

Additional S. cerevisiae C. elegans Human
motifs

WD repeats 2 3 5
Cdc4 LIN-23 FBXW1 (β-TrCP)
Met30 SEL-10 FBXW1B (β-TrCP2/HOS)

T01E8.4 FBXW2
FBXW3
FBXW6*

Leucine-rich 2 3 10
repeats Grr1 C02F5.7 FBXL1 (SKP2)

YOR080w F48E8.7 FBXL2
F58E1.8 FBXL3A

FBXL3B
FBXL4 - FBXL7

FBXL9
FBXL11

FTH / DUF38 0 135† 0

PfamB 45 0 56† 0

Other/none 7 129† 21
El1a FBXO1 (cyclin F)

YNL311c FBXO2 (NFB42)
YML088w FBXO3 - FBXO12*
YLR368w FBXO20 - FBXO26*
YDR219c FBXO29
YJL149w Elongin A
YDR131c

Total 11 326 36

The proteins in this table were obtained from the European
Bioinformatics Institute InterPro Project [29] with additional entries (20
for C. elegans and 3 for humans) discovered through database analysis by
ETK. *This is the first report of FBXW6, FBXO12, and FBXO26 as F-box
proteins. They were identified by database search and correspond to the
GenBank [31] entries FLJ11071 (accession number NM_018315.1),
FLJ20188 (accession number NM_017703), and KIAA1195/muscle
disease-related protein (accession number AB033021/AF204674),
respectively. FBXO12 is the apparent ortholog of murine fbxo12. Missing
numbers in the human FBX gene series have been given to mouse genes
for which the human orthologs have not (yet) been identified. †The very
large number of C. elegans proteins in these categories are listed in
Additional data file 1. 
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Figure 1
The F-box consensus sequence. The consensus was derived from the alignment of 234 sequences used to create the Pfam
F-box profile [30]; the single-letter amino-acid code is used. Bold and underlined capital letters signify residues found in over
40% of the F-box sequences; bold, non-underlined, capital letters signify residues found in 20-40% of the F-boxes; bold lower
case letters indicate residues found in 15-19% of the F-boxes; and non-bold lower case letters indicate residues found in
10-14% of the F-boxes. A minority of F-boxes contain small insertions in the alignment after positions 11 or 24, or small (1-3
residue gaps) at various locations.
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Figure 2
F-box protein functions. (a) The SCF complex. The F-box protein is linked to the SCF complex via interaction between the
F-box and Skp1. A ubiquitin-conjugating enzyme (Ubc) binds to the SCF complex and transfers ubiquitin (Ub) onto substrates
bound by the F-box protein. When the substrate becomes poly-ubiquitinated, it is degraded by the 26S proteasome. (b) Skp1
binds to the F-box of Ctf13, facilitating Ctf13 phosphorylation, which allows Ctf13 to form the structural core of the CBF3
centromere-binding complex. (c) The F-box of Elongin A binds Elongin C (El C). The association of Elongins B and C with A
increases Elongin A transcriptional activity. (d) The FOG-2/GLD-1 complex binds the 3’ UTR of tra-2 mRNA to
translationally repress it. The function of the F-box of FOG-2 is currently unknown. (e) Cyclin F binds to cyclin B1-cdc2
through a direct association of the cyclin F ‘cyclin box’ with the CRS domain of cyclin B1, and may be required for cyclin B1
nuclear localization. The function of the F-box of cyclin F is unknown. NLS, nuclear localization signal.
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Table 2

F-box proteins that function in SCF complexes

F-box protein Organism Substrates Mutant phenotype

Cdc4 S. cerevisiae Sic1 and Far1 - CDK inhibitors G1 cell-cycle arrest
Cdc6 - DNA replication factor
Gcn4 - transcription factor

Met30 S. cerevisiae Met4 - transcription factor G1 cell-cycle arrest
Swe1- cell cycle kinase

Grr1 S. cerevisiae Cln1 and Cln2 - G1 cyclins Defective glucose signaling
Gic2 - cytoskeleton regulator

Pop1 S. pombe Rum1 - CDK inhibitor Polyploidy
Cdc18 - DNA replication factor

Pop2/Sud1 S. pombe Rum1 - CDK inhibitor Polyploidy
Cdc18 - DNA replication factor

Scon2* N. crassa ? Defective sulfur response

SconB* A. nidulans ? Defective sulfur response

TIR1 A. thaliana ? Defective auxin response

COI1* A. thaliana ? Defective jasmonite response

LIN-23* C. elegans ? Hyperplasia

SEL-10* C. elegans LIN-12 - cell surface receptor Basically wild type

Slimb* D. melanogaster Armadillo - adhesion and signaling Centrosome over-replication and mutant clones induce 
Cubitus Interruptus - transcription factor ectopic limbs in surrounding tissue

β-TrCP H. sapiens β-catenin - adhesion and signaling
IκBα - transcription inhibitor ?
CD4 - cell surface receptor 
(when cells are infected by HIV)

β-TrCP2/HOS H. sapiens β-catenin - adhesion and signaling ?
IκBα - transcription inhibitor

SKP2 H. sapiens / cyclin E- G1 cyclin (free, not bound by CDK2) Small mice with some polyploid tissues and centrosome 
M. musculus p27KIP1 - CDK inhibitor over-replication

*F-box proteins that have not been experimentally demonstrated to function in SCF complexes, but each are orthologs of known SCF proteins in other
organisms and so are likely to function in SCF complexes. Two other plant F-box proteins, UFO and FIM, are required for flower development in
Arabidopsis thaliana and Antirrhinum majus, respectively [32,33]. Although both of these F-box proteins bind to Skp1 proteins, it is unclear whether they
function in SCF complexes or bind Skp1 for other purposes, as is the case for Ctf13. Additional potential substrates that have not been conclusively
documented are not listed. References can be obtained from [10], with the exception of the more recent references for LIN-23 [34], centrosome over-
replication in Slimb mutants [35], and the substrates Met4 [36], Gcn4 [37], cyclin E [38], and p27KIP1 [25,38-40]. Species included in the table are
Saccharomyces cerevisiae, Schizosaccharomyces pombe, Neurospora crassa, Aspergillus nidulans, Arabidopsis thaliana, Caenorhabditis elegans, Drosophila
melanogaster, Homo sapiens and Mus musculus.
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