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FBXW: WD40 repeats
FBXL: leucine-rich repeats (LRR); possibly other domains
FBXO: no WD40 or LRR repeats; possibly other domains
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F box proteins are the variable substrate adapters for the Skp1-Cul1-F box protein-Rbx1 (SCF) ubiquitin ligase complexes and dictate the substrate specificity of the
ubiquitin ligase. Cul1 acts as the scaffold for the SCF complex, recruiting Rbx1 and an E2 ubiquitin-conjugating enzyme to its C terminus and the Skp1-F box protein
pair to its N terminus. The number of F box protein genes varies greatly depending on the organism, ranging from ?20 in yeast species (20 in the budding yeast Saccharomyces cerevisiae, 17 in the fission yeast Schizosaccharomyces pombe) to 27 in the fly Drosophila melanogaster to 69 in humans. With little overlap between the
S. cerevisiae and S. pombe F box proteins and only six apparent orthologs conserved between flies, worms, and humans, evolutionary conservation of individual F
box proteins appears to be rare. In this SnapShot, we list reported F box protein-substrate pairs in the model organisms D. melanogaster, S. cerevisiae, and S. pombe.
Additionally, we include orphan F box proteins with known biological functions but no reported substrates.
The F box protein is characterized by the F box domain, an approximately 40 amino acid region named for cyclin F (or Fbxo1), the protein in which the domain was
first identified. The annotation of known F box proteins is based on the presence of this domain, which has the consensus sequence of L P X [E, K] I L X K [I, V] L X 2 L
D P X D L/R X [L, F] [R, S] K V [S, C] [K, R] [K, R] [W, F] [R, K] X L V D X8 I (L, leucine; P, proline; X, any amino acid; E, glutamic acid; K, lysine; I, isoleucine; V, valine; R,
arginine; S, serine; C, cysteine; W, tryptophan; F, phenylalanine; D, aspartic acid). The F box domain mediates binding to Skp1, which links the F box protein to the rest
of the SCF complex. However, there is a small interaction interface between the F box protein and Cul1 that likely stabilizes the SCF complex. In fact, the interaction of
the F box protein with Skp1 is necessary, but not sufficient, for binding to Cul1 (binding of the Skp1-F box protein pair to Cul1 has not been demonstrated for all F box
family members, and certain F box proteins do not appear to form SCF ubiquitin ligase complexes with Cul1).
F box proteins are grouped into three families on the basis of the presence of WD40 repeats (FBXW) or leucine-rich repeats (FBXL), or the absence of either of these
domains (F box only; FBXO). FBXO family members often contain additional functional domains with homology to other protein families. Typically, F box proteins recognize their substrates through the WD40 repeats, the leucine-rich repeats, or other domains. Substrate recognition generally requires a posttranslational modification of
the substrate in a discreet degradation sequence (degron). This requirement for posttranslational modification suggests that F box proteins have the ability to integrate
multiple pathways by “sensing” the activity of other enzymes. Although phosphorylation is the most common posttranslational modification involved in substrate targeting, other posttranslational modifications, such as glycosylation, have been reported. In plants, hormones can also mediate binding between F box proteins and their
substrates. A single F box protein can recognize multiple substrates, expanding the functional range of the core SCF scaffold to hundreds of targets and numerous
biological processes.
All reported substrates of the F box proteins listed in this SnapShot are included in the table, even if the evidence is currently limited or if there are conflicting reports.
The kinases that phosphorylate the substrate degrons are also listed, if known. Although there are established roles for F box proteins in many diverse pathways, the
majority of the F box proteins in each organism remain orphans without known substrates.
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