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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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BBSome-mediated cargo-targeting to cilium ↗

Stable identifier: R-HSA-5620922

The BBSome is a stable complex consisting of 7 Bardet-Biedl proteins (BBS1, 2, 4, 5, 7, 8 and 9) and BBIP10 that 
has roles in promoting IFT and trafficking proteins to the cilum (Blacque et al, 2004; Nachury et al, 2007; Loktev et 
al, 2008; Jin et al, 2010; reviewed in Sung and Leroux 2013). The BBSome is the primary effector of ARL6/BBS3, a 
small GTPase that binds the BBSome in complex with associated membrane proteins that are destined for the ciliary 
membrane (Jin et al, 2010; Nachury et al, 2007; Zhang et al, 2011; Seo et al, 2011). Components of the BBSome are 
enriched in TPR and beta-propeller motifs and are thought to form a linear coat on membranes that functions with 
ARL6 to target proteins to the cilium (Jin et al, 2010; reviewed in Nachury et al, 2010).
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LZTFL1 binds the BBSome and prevents its traffic to the cilium ↗

Location: BBSome-mediated cargo-targeting to cilium

Stable identifier: R-HSA-5624129

Type: binding

Compartments: cytosol

LZTFL1 was identified as a tumor suppressor and as a protein that interacts with components of the BBSome (Wei 
et al, 2010; Seo et al, 2011). LZTFL1 forms cytosolic complexes with the BBSome and negatively regulates its entry 
into the cilium without affecting the assembly or stability of the BBSome complex. Both the BBSome and LZTFL1 
have been shown to regulate the localization of the Hh signaling protein SMO (Seo et al, 2011). A recent study 
suggests that LZTFL1 may additionally play a role in coordinating the interaction between the BBSome and the IFT 
B component IFT27 and in this way contribute to the traffic of Hh pathway proteins into and out of the cilium 
(Eguether et al, 2014).

Preceded by: Formation of the BBSome
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Formation of the BBSome ↗

Location: BBSome-mediated cargo-targeting to cilium

Stable identifier: R-HSA-5624125

Type: binding

Compartments: cytosol

The BBSome is a complex of 8 conserved proteins with roles in ciliary trafficking (Nachury et al, 2007; Loktev et al, 
2008; reviewed in Nachury et al, 2010; Hsiao et al, 2012). Mutations in the BBS genes leads to Bardet-Biedl 
syndrome, a heterogeneous ciliopathy characterized by obesity, blindness, cystic kidney disease, retinitis 
pigmentosa, polydactyly, mental retardation, and renal failure in some cases (reviewed in Tobin and Beales, 2009). 
The BBSome is the primary effector of ARL6/BBS3, a small GTPase that recruits the BBSome and associated 
membrane proteins destined for the cilium to membranes (Jin et al, 2010; Nachury et al, 2007; Zhang et al, 2011; 
Seo et al 2011). The BBSome also interacts with the RAB8A guanine nucleotide exchange factor RAB3IP, and in 
this way promotes the recruitment of RAB8A to the cilium (Nachury et al, 2007). Components of the BBSome are 
enriched in beta propeller and TPR domains and have been shown to form linear arrays on liposomes (Jin et al, 
2010). Where these arrays form, and how they contribute to ciliary targeting remains to be elucidated (Jin et al, 2010; 
reviewed in Nachury et al, 2010). 
 
In mammalian cells, formation of the BBSome depends on a BBS/CCT complex that consists of MKKS/BBS6, 
BBS10, BBS12 and 6 members of the CCT/TRiC family of chaperonins. The BBS/CCT complex interacts with a 
subset of the BBSome protein and plays a role in the BBS7 stability, promoting the formation of an intermediate 
"BBSome core complex" (Seo et al, 2010; Jin et al, 2010; Zhang el al, 2012).

Followed by: LZTFL1 binds the BBSome and prevents its traffic to the cilium
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ARL6:GTP and the BBSome bind ciliary cargo ↗

Location: BBSome-mediated cargo-targeting to cilium

Stable identifier: R-HSA-5624126

Type: binding

Compartments: plasma membrane

ARL6 is a small GTPase that was also identified as BBS3, a gene that when mutated gives rise to the ciliopathy 
Bardet-Biedel syndrome (Chiang et al, 2004; Fan et al, 2004). In its GTP-form, membrane-associated ARL6 recruits 
the BBSome along with BBSome-associated cargo such as SSTR3, MHCR1 or SMO to the cilium (Jin et al, 2010; 
Zhang et al, 2011; Seo et al, 2011). Binding of IFT27 to the nucleotide-free form of ARL6 may also play a role in 
promoting the exit of the BBSome from the cilium (Liew et al, 2014). The BBSome, a complex consisting of BBS1, 
BBS2, BBS4, BBS5, BBS7, BBC9, TTC8/BBS8 and BBIP10 is thought to contribute to ciliary targeting, either by 
promoting budding of vesicles from the secretory pathway or through lateral diffusion of BBSome-enriched 'rafts' 
from the plasma membrane as indicated in this reaction (Jin et al, 2010; reviewed in Li et al, 2012; Sung and Leroux, 
2013; Nachury et al, 2010). The interaction between the BBSome and ARL6 is mediated by the N-terminal B-
propeller domain of BBSome component BBS1 (Jin et al, 2010). BBSome function is negatively regulated by 
LZTFL1, which forms a complex with the BBSome in the cytosol and inhibits its traffic to the cilium (Seo et al, 
2011).

Followed by: ARL6:GTP and the BBSome target cargo to the primary cilium
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ARL6:GTP and the BBSome target cargo to the primary cilium ↗

Location: BBSome-mediated cargo-targeting to cilium

Stable identifier: R-HSA-5624127

Type: omitted

Compartments: ciliary membrane

ARL6:GTP and the BBSome complex are required for the ciliary accumulation of proteins such as SSTR3, MHRC1 
and SMO (Zhang et al, 2011; Jin et al, 2010; Seo et al, 2011; reviewed in Nachury et al, 2010; Sung and Leroux, 
2013). BBSome localization to the primary cilium is negatively regulated by LZTFL1, and ciliary accumulation of 
some BBSome cargo is increased by LZTFL1 depletion (Seo et al, 2011).

Preceded by: ARL6:GTP and the BBSome bind ciliary cargo
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BBSome binds RAB3IP ↗

Location: BBSome-mediated cargo-targeting to cilium

Stable identifier: R-HSA-5617815

Type: binding

Compartments: ciliary basal body

The BBS1 component of the BBSome complex binds RAB3IP, a GEF for the small GTPase RAB8A. RAB3IP is 
required for RAB8A to localize to the cilium, and depletion of RAB3IP compromises cilia formation (Nachury et al, 
2007; Loktev et al, 2008). GTP-bound RAB8A may promote ciliogenesis by promoting the traffic of post-Golgi 
vesicles to the base of the cilium (Nachury et al, 2007; reviewed in Zerial and McBride, 2001; Ishikawa et al, 2011; 
Hsiao et al, 2012; Sung and Leroux, 2013).
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