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Vesicle trafficking is essential for the maintenance of cellular homeostasis
by  enabling  the  distribution  of  various  intracellular  components  within
eukaryotic cells. Disruptions in this process can lead to a range of diseases,
including  neurological,  respiratory,  immune,  and  metabolic  disorders.  The
trafficking process involves several steps: (a) cargo recognition and selection
by coat proteins at a donor membrane, (b) vesicle formation and scission, (c)
vesicle  transport  along  cytoskeletal  tracks  through  association  with  motor
proteins,  (d)  vesicle  capture  by  tethering  factors  at  an  acceptor  membrane,
and finally, (e) vesicle fusion with the target membrane facilitated by SNARE
proteins.1

It is widely accepted that selection of transmembrane cargoes is predomi-
nantly  mediated by recognition of  sequence motifs  within the cytosolic  tails
of  the  cargoes  by  coat  proteins  at  the  donor  membrane.  This  selection
ensures  that  only  specific  proteins  are  transported.  In  theory,  sequence-
dependent cargo recognition could also occur at later stages of the transport
process  to  further  enhance  the  fidelity  of  protein  trafficking.  However,  the
existence of this additional recognition step was not proven until  two recent
studies  by  Deng  et  al.2 and  Cattin-Ortolá  et  al.3 These  authors  report  that
tethering factors, such as the WDR11 complex and TBC1D23, interact directly
with  Super  Acidic  Cluster  (SAC)  and  acidic-cluster-TLY  motifs,  respectively,

within  the  cytosolic  tails  of  transmembrane  proteins,  thus  contributing  to
their  selective  delivery  from  endosomes  to  the trans-Golgi  network  (TGN)
(Figure  1).  Together,  these  studies  suggest  that  direct  recognition  of
sequence motifs also occurs at later steps of vesicle trafficking.

The  WDR11  complex  consists  of  WDR11  and  FAM91A1  subunits  in
eukaryotes  (referred  to  as  the  WDR11-FAM91A1  complex  hereafter),  and  a
third C17orf75 subunit in vertebrates. The WDR11 complex directly interacts

via  FAM91A1 with  TBC1D23 and  mediates  endosome-to-TGN trafficking  of
many  cargoes,  including  the  cation-independent  mannose  6-phosphate
receptor  (CI-MPR).  Of  note,  loss-of-function  mutations  in  TBC1D23  or
WDR11 give rise to pontocerebellar hypoplasia (PCH) or PCH-like disease.4

WDR11 harbors  two WD40 domains  at  its  N-terminus  and an  α-solenoid
domain  at  its  C-terminus.  Both  WD40  domains  of  WDR11  interact  directly
with  the  C-terminal  domain  of  FAM91A1.  Additionally,  WDR11  dimerizes
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Figure 1.  Selective cargo recognition and vesicle tethering at TGN The AP-1 complex on endosomes recognizes and transports cargo proteins containing SAC, tyrosine-based
(YxxΦ), and dileucine-based ([D/E]xxxL[L/I]) motifs. Downstream of the AP-1 complex, the WDR11 complex specifically recognizes the SAC motif, facilitating the delivery of SAC-
containing cargoes to the TGN. WDR11's recognition of the SAC motif within the cytosolic tail of cargo proteins is enhanced by its dimerization. FAM91A1, through its N-terminal
domain, interacts with TBC1D23, which is localized to the TGN by binding to golgin 97/245. TBC1D23 itself recognizes cargoes with acidic-TLY motifs in their cytosolic tails, but
critical data on TBC1D23's role in transporting these acidic-TLY cargoes are still  lacking. At present, it  is unclear if  tyrosine-based and dileucine-based motifs are also recog-
nized at the tethering step and if cargoes containing the acidic-TLY motif exit endosomes in a manner dependent on AP-1 or other retrograde transport machinery. Together, the
WDR11-FAM91A1 complex and TBC1D23 promote the endosome-to-TGN trafficking of  SAC- and acidic-TLY containing cargoes.  TGN: trans-Golgi  network.  WASH (Wiskott-
Aldrich syndrome protein and SCAR homolog), and Arl1 (ADP-ribosylation factor-like protein 1).
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through  intermolecular  binding  between  its  α-solenoid  domains,  leading  to
the  formation  of  a  stable  tetrameric  complex,  FAM91A1-WDR11-WDR11-
FAM91A1.  Notably,  disruption  of  either  the  WDR11-FAM91A1  interaction  or
WDR11  dimerization  impairs  the  endosome-to-TGN  trafficking  of  multiple
cargoes, such as the CI-MPR and KIAA0319L, indicating that the assembly of
the  WDR11-FAM91A1  complex  is  crucial  for  the  proper  trafficking  of  these
cargoes.

Most  importantly,  using in  silico predictions  and  biochemical  and  cellular
assays,  Deng  et  al. demonstrate  that  WDR11  directly  recognizes  the  SAC
motif in cargo proteins and that this interaction is critical for cargo trafficking2

(Figure 1). The SAC motif consists of 6-10 acidic residues (E/D/S), flanked on
each  side  by  one  or  two  bulky  hydrophobic  residues  (Φ[D/E/S]6-10ΦΦ).  Both
the  acidic  residues  and  the  flanking  hydrophobic  residues  are  important  for
the interaction with WDR11. A large set of proteins, in addition to CI-MPR and
KIAA0319L, harbor  the  SAC  motif,  including  ATG9A,  a  phospholipid  scram-
blase  essential  for  autophagy.  Moreover,  Deng  et  al.  demonstrate  that  the
SAC  motif  is  crucial  for  intracellular  trafficking  of  multiple  proteins,  such  as
the  CI-MPR,  ATG9A,  KIAA0319L,  and  VAMP4.2 Depletion  of  WDR11  in
zebrafish  leads to  defects  that  mimic  many features  of  human PCH.  These
defects  can  be  rescued  by  wild-type  WDR11,  but  not  by  a  WDR11  mutant
defective in  binding  to  the  SAC  motif,  highlighting  the  physiological  impor-
tance of the WDR11-SAC interaction.

The clathrin-associated adaptor protein 1 complex (AP-1) recognizes vari-
ous  sorting  signals,  such  as  tyrosine-based  and  dileucine-based  motifs1,  in
addition  to  the  SAC  motif.  It  could  be  hypothesized  that  AP-1  packages
proteins containing multiple motifs into vesicles,  whereas WDR11 prioritizes
the  delivery  of  vesicles  containing  SAC-motif  proteins  among  different
cargoes.  It  is  unclear  whether  tyrosine-based  and  dileucine-based  motifs
could  also  contribute  to  selective  vesicle  tethering  through  recognition  by
other proteins analogous to WDR11 (Figure 1).

TBC1D23  encompasses  three  structural  domains:  an  N-terminal  TBC
domain, a rhodanese-like domain, and a C-terminal PH domain. The TBC and
rhodanese-like  domains  jointly  interact  with  TGN-localized  golgin  97/245,
and  the  PH  domain  binds  to  the  WASH  complex  subunit  FAM21.5 Further-
more, a linker region between the rhodanese-like domain and the PH domain
directly interacts with FAM91A1.4 Cattin-Ortolá et al.3 report that the C-termi-
nal  domain  of  TBC1D23  can  bind  to  an  acidic-TLY  motif  in  cargoes.  They
further determine the structure of a complex between the C-terminal domain
of  TBC1D23  and  an  acidic-TLY  motif-containing  peptide,  and  suggest  that
TBC1D23  might  be  involved  in  selecting  vesicles  containing  proteins  with
acidic-TLY  motifs  (Figure  1).  However,  it  remains  to  be  determined  if  these
interactions are required for cargo transport to the TGN, as demonstrated for
WDR11. More importantly, since both the WDR11 complex and TBC1D23 are
involved in vesicle tethering and cargo recognition, their potential relationship
in the transport of cargoes containing both SAC and acidic-TLY motifs, such
as  carboxypeptidase  D  (CPD),  remains  to  be  defined.  Together,  these  two

studies suggest that tethering factors may select specific vesicles for attach-
ment to the TGN by interacting with certain proteins on the vesicles, provid-
ing a fresh insight into the mechanisms of vesicle trafficking and their func-
tions in health and disease.

Like  many  groundbreaking  studies,  these  two  studies  raise  additional
questions. First, vesicle tethers can be found in many subcellular compart-
ments, and are involved in virtually all vesicle trafficking pathways. Do simi-
lar  mechanisms  exist  in  other  vesicle  trafficking  pathways?  Second,  the
domain  organization  of  WDR11  closely  resembles  that  of  β ′ -COP  in  the
COPI complex,  which forms a triskelion-like structure through its N-terminal
WD40  domain.  Can  the  WDR11  complex  further  oligomerize  through  its  C-
terminal  α-solenoid  domains,  similar  to  the  COPI  complex  and  other  coat
proteins? Last but not least, in addition to WDR11 and FAM91A1, the WDR11
complex  in  vertebrates  also  includes  C17orf75.  Although  C17orf75  is  not
essential for the location and stability of WDR11 and FAM91A1, the structure
and function of C17orf75 remain to be elucidated.
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