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GOLPH3 keeps the Golgi residents at home

Martin Lowe®

In this issue of JCB, Welch et al. (2021. J. Cell Biol. https://doi.org/10.1083/jcb.202106115) show that GOLPH3 mediates the
sorting of numerous Golgi proteins into recycling COPI transport vesicles. This explains how many resident proteins are
retained at the Golgi and reveals a key role for GOLPH3 in maintaining Golgi homeostasis.

The Golgi apparatus lies at the heart of the
secretory pathway, where its major func-
tions are the posttranslational modification
of cargo proteins and lipids, particularly at
the level of glycosylation, and the sorting of
cargo to its correct onward destination. The
Golgi is composed of stacked membrane
compartments called cisternae, which con-
tain numerous resident enzymes that act on
the cargo as it passes through the organelle,
from the entry or cis side to the exit or trans
side. Each resident enzyme has its own
distribution within the Golgi stack, resulting
in the sequential modification of the secre-
tory cargo as it moves through the Golgi.
Various mechanisms exist to ensure that
Golgi residents are retained within the Golgi
despite the huge flux of protein and lipid
through this organelle (1). Major players are
COPI vesicles, which recycle Golgi residents
from later to earlier cisternae, at the same
time as the cisternae are thought to slowly
migrate across the stack, as on a conveyor
belt, progressively changing composition in
a process referred to as cisternal maturation
(2). Unlike the Golgi resident enzymes, which
enter recycling vesicles, cargo is thought to
remain within the maturing cisternae as it
moves through the Golgi. Certain Golgi en-
zymes can bind directly to the COPI coat, ex-
plaining their inclusion in COPI vesicles (3),
but for other enzymes and resident proteins,
their retention mechanism is less obvious.
Previous studies on the peripheral Golgi
membrane protein GOLPH3 and its pa-
ralogue GOLPH3L (herein I will refer to both

proteins as GOLPH3) indicated it can bind to
certain Golgi enzymes and to the COPI coat,
thereby acting as an adaptor to mediate
sorting of these enzymes into COPI vesicles
(4, 5). This was first shown for the yeast
orthologue Vps74p (6, 7) and has also been
demonstrated for the Drosophila version of
the protein (8), consistent with a conserved
function in Golgi enzyme retention. How-
ever, the extent to which GOLPH3 might
participate in retention of different Golgi
enzymes and other resident proteins, and its
importance relative to other methods of
protein retention in the Golgi, has remained
unclear. Indeed, a recent study suggested
that GOLPH3 selectively mediates the re-
tention of enzymes involved in glycosphin-
golipid synthesis, consistent with a fairly
selective role in retaining only a subset of
resident Golgi enzymes (9). It should also be
noted that GOLPH3 has been implicated in
other functions, namely budding of exocytic
vesicles from the Golgi, the DNA damage
response, and mechanistic target of rapa-
mycin signaling (10).

In their current paper, Welch et al. used
a combination of approaches to reassess the
role of GOLPH3 at the Golgi (11). Using
proteomics, they could identify numerous
GOLPH3 binding partners, which included
COP], as expected, and a large number of
other Golgi residents, including numerous
Golgi enzymes and other membrane pro-
teins. The ability of GOLPH3 to retain en-
zymes at the Golgi was confirmed using
microscopy and an innovative flow

cytometry-based assay to quantify surface
versus Golgi abundance. The large number
of possible interactors suggested that
GOLPH3 could mediate the Golgi retention
of many proteins. To further assess this
possibility, the authors took advantage of
previous observations showing that Golgi
enzymes may be misrouted to the lysosome
and degraded upon their failure to be re-
tained in the Golgi (6, 7, 9). Using mass
spectrometry, they could show that nu-
merous Golgi resident proteins were de-
pleted in GOLPH3 knockout cells, many of
which were also found in the GOLPH3 in-
teractome. This included many enzymes
involved in glycosylation, consistent with
GOLPH3 playing an important role in
maintaining Golgi-dependent glycosylation
of proteins and lipids. This was supported
by lectin analysis, which showed marked
changes in a broad range of glycans in the
GOLPH3 knockout cells.

The large number of GOLPH3 clients
raises the question as to how it can recog-
nize so many proteins. Previous work has
shown binding to the cytoplasmic tails of
Golgi enzymes and an interaction motif has
been described for Vps74p and more re-
cently for GOLPH3 (6, 9). However, bio-
informatics analysis of the many GOLPH3
clients combined with mutational analysis,
as performed in the current study, revealed
the lack of a consensus sequence for
GOLPH3 binding, with the common feature
being a strong net positive charge combined
with short cytoplasmic tail length. This
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Figure 1. GOLPH3 plays a major role in Golgi protein retention. Golgi resident proteins, including
many glycosylation enzymes, depicted by lollipops, are sorted into recycling COPI vesicles to maintain
retention in the Golgi in the face of onward cisternal maturation and secretory cargo transport. Different
enzymes are depicted by different lollipop shapes and colors, with GOLPH3 clients indicated by hori-
zontal ovals. Enzymes retained by other mechanisms are depicted by lollipops with circles (trans-
membrane domain length), squares or vertical ovals (binding to other COPI adaptors, indicated in
turquoise and purple), or hexagons (direct binding to the COPI coat). GOLPH3, which is more abundant

toward the trans side of the Golgi, has many clients.

would result in a high positive charge
proximal to the membrane, which likely
allows interaction with an acidic patch on
the surface of GOLPH3. This mode of bind-
ing could mediate selective retention of
many Golgi residents, while allowing for the
forward trafficking of cargo proteins that
have longer, less charged, or folded cyto-
plasmic domains.

GOLPH3 is an oncogene associated with
many types of cancer (12). Several mecha-
nisms have been proposed to account for the
oncogenic properties of GOLPH3, but most
compelling is that changes in glycosylation
are responsible. It was recently shown
that GOLPH3-dependent changes in glyco-
sphingolipids affects cell growth by altering
mitogenic signaling (9). Changes in glyco-
sylation of surface receptors has also been
reported, which can affect surface abun-
dance and hence signaling (13). The new
results from Welch et al. suggest that
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glycosylation of many proteins and lipids
may be relevant in cancer and that poten-
tially a broad range of downstream targets
contribute to oncogenesis. Such targets
could influence processes beyond signaling,
including cell adhesion and migration, that
are known to be sensitive to changes in the
surface glycome and which have been re-
ported in previous studies on GOLPH3 (12).

The study by Welch et al. indicates a
major role for GOLPH3 in Golgi protein re-
tention (Fig. 1). Clearly though, other re-
tention mechanisms exist, including direct
binding to COPI, and transmembrane do-
main length is also important, where the
short transmembrane domain of resident
proteins favors partitioning into recycling
COPI vesicles and Golgi cisternal mem-
branes of a similar thickness (1). Additional
COPI adaptors are also likely, with TM9SF2
recently identified as a likely candidate,
being present in Golgi vesicles and able to
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bind certain Golgi enzymes (1). It is possible
that different resident proteins use different
adaptors, or that a combination of retention
mechanisms act in conjunction for certain
residents, providing robustness to the re-
tention process. However, any redundancy
would seem incomplete given the strong
phenotype seen upon loss of GOLPHS.
GOLPHS3 is localized toward the trans side of
the Golgi, so it is possible that other adap-
tors, such as TM9SF2 and possibly others,
might act earlier in the Golgi, or that direct
coat binding is more important within the
early Golgi. Hence different residents may
be more likely to use different retention
mechanisms depending on their location in
the Golgi. Because GOLPH3 acts late in the
Golgi and can bind many clients, we may
think of it as a gatekeeper to prevent loss
of numerous Golgi residents from the
organelle.

With regard to possible future studies,
although we have a good idea of how
GOLPH3 recognizes its clients, detailed
structural analysis will prove informative in
elucidating how it can bind so many pro-
teins. Similarly, identification of additional
adaptors linking Golgi residents to the COPI
coat will be important to generate a more
comprehensive view of Golgi protein re-
tention. Finally, in the context of disease,
further analysis of the glycoproteins and gly-
colipids whose levels are altered because of
changes in GOLPH3 expression, of which
there are likely to be many, should provide
significant new insights into the mechanisms
underlying GOLPH3-mediated tumorigenesis.
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