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Association of a phosphatidylinositol-specific 3-kinase with a
human trans-Golgi network resident protein
D.M. Hickinson*, J.M. Lucocq†, M.C. Towler*, S. Clough*, J. James†, 
S.R. James*‡, C.P. Downes* and S. Ponnambalam*

The eukaryotic trans-Golgi network (TGN) is a key site
for the formation of transport vesicles destined for
different intracellular compartments [1]. A key marker
for the mammalian TGN is TGN38/46 [2]. This integral
membrane glycoprotein cycles between the TGN and
the cell surface and is implicated in recruitment of
cytosolic factors and regulation of at least one type of
vesicle formation at the mammalian TGN [2,3]. In this
study, we have identified a phosphatidylinositol
(PtdIns)-specific 3-kinase activity associated with the
human orthologue (TGN46), which is sensitive to lipid
kinase inhibitors. Treatment of HeLa cells with low
levels of these inhibitors reveals subtle morphological
changes in TGN46-positive compartments. Our findings
suggest a role for PtdIns 3-kinases and presumably for
the product, PtdIns 3-phosphate (PtdIns3P), in the
formation of secretory transport vesicles by
mechanisms conserved in yeast and mammals.
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Results and discussion
Increasing evidence implicates lipid kinases in membrane
traffic events [4,5]. The TGN46 glycoprotein is associated
with a specific set of cytoplasmic polypeptides [3].
TGN46 imunoprecipitates were assayed for kinase activity
on different lipid substrates (Figure 1a). TGN46 com-
plexes were found to contain a unique lipid kinase activity
that phosphorylates PtdIns (Figure 1a, lanes 1,2). In con-
trast, phosphorylation of PtdIns 4-phosphate (PtdIns4P)
was barely detectable (Figure 1a, lanes 3,4). Phosphoryla-
tion of phosphatidylinositol bisphosphate (PtdInsP2) was
not detected (Figure 1a, lanes 5,6). No significant lipid
kinase activity specific for the PtdIns substrate was
detected in cell extracts precipitated using protein
A–Seppharose beads only as controls (Figure 1a, lanes 7,8).

Affinity-purified sheep anti-TGN46 polyclonal antibodies
also immunoprecipitate a similar lipid kinase activity from
cell lysates (data not shown). Importantly, a similar,
TGN46-associated PtdIns-specific kinase activity was
detected in HeLa cells (data not shown). These data
further support the specific association of the lipid kinase
activity with the TGN46 protein complex.

The 32P-labelled product was deacylated and compared
with [3H]glycerophosphoinositol 3-phosphate (GroPIns3P)
and [3H]glycerophosphoinositol 4-phosphate (GroPIns4P)
standards (Figure 1b). The [32P]GroPInsP had an identi-
cal retention time to that of [3H]GroPIns3P. Thus the 32P-
labelled product generated by the TGN46-associated
PtdIns kinase corresponds to PtdIns3P and hence the
TGN46-associated enzyme is a PtdIns 3-kinase.

Different lipid kinases appear to have different cofactor
requirements and sensitivity to inhibitors (reviewed in
[4–6]). TGN46 immunoprecipitates were assayed for
PtdIns 3-kinase activity in the presence of different
amounts of PtdIns substrate, ATP, divalent cations and
potential inhibitors and activators. The TGN46-associated
lipid kinase has a Km of 205 µM for PtdIns; the Km for
ATP is approximately 70 µM. The kinase has an
absolute requirement for Mg2+, which cannot be substi-
tuted for by either Ca2+ or Mn2+. The TGN46-associated
PtdIns 3-kinase was strongly inhibited by relatively low
levels of both wortmannin and LY294002; the IC50 values
are approximately 2.5 nM and 2.5 µM, respectively. Poten-
tial lipid kinase regulators such as the PtdIns transfer
protein (PITP) [7] and TGN38-associated small soluble
GTP-binding proteins [3] may regulate TGN46-associ-
ated PtdIns 3-kinase activity. However, neither PITP nor
the non-hydrolysable GTP analogue GTPγS significantly
affected enzyme activity (data not shown). Pretreatment
of cells with compounds that affect TGN46 localisation,
such as brefeldin A or chloroquine, had little or no effect
on the levels of lipid kinase activity associated with the
TGN46 complex (data not shown). Transient overexpres-
sion of TGN46 in HeLa cells [8] does not increase levels
of PtdIns 3-kinase activity associated with the complex
(data not shown). In fact, increased levels of TGN46
reduced the levels of kinase activity detected in immuno-
precipitates by 20–40%. 

Rat TGN38 is associated with a cytoplasmic complex that
includes a 62 kDa phosphoprotein [3]. TGN46 complexes
from human U937 cells were immunoprecipitated from



35S-labelled detergent lysates and analysed by
SDS–PAGE and autoradiography (Figure 2b). Comparison
of control immunoprecipitates using rabbit pre-immune
serum (Figure 2b, lane 1) and anti-TGN46 polyclonal

antibodies reveals a discrete set of polypeptides associated
with the TGN46 complex; this includes the TGN46 glyco-
protein, a 62 kDa polypeptide (arrow in Figure 2b, lane 2)
and high-molecular-weight polypeptides at around
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Identification of a PtdIns 3-kinase activity associated with TGN46. 
(a) Different lipid substrates were incubated with TGN46
immunoprecipitates (lanes 1–6) from U937 cells or cell extracts and
protein A–Sepharose beads only (lanes 7,8), followed by thin-layer
chromatography analysis. Lipid substrates tested were PtdIns (lanes
1,2,7,8), PtdIns4P (lanes 3,4) or PtdInsP2 (lanes 5,6). Arrows mark the
positions corresponding to the different lipid standards. (b) HPLC

analysis of phosphorylated PtdIns product. HPLC profiles of 32P-
phosphorylated PtdIns product generated by the TGN46-associated
kinase and 3H-labelled standards for GroPIns3P and GroPIns4P.
Samples were chromatographed on a Partisphere 5 SAX column using
a linear gradient from 0–150 mM NH4H2PO4 pH 3.8 (1 ml min–1).
Fractions were collected at 20 sec intervals (fraction no., x-axis) and
counted in a scintillation counter (d.p.m., y-axis).
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Biochemical properties of TGN46-associated polypeptides. 
(a) Wortmannin and LY294002 inhibit TGN46-associated PtdIns 
3-kinase activity. Immunoprecipitates were assayed for the production
of PtdIns3P in the presence of different concentrations of wortmannin
or LY294002. The relative percentage of enzyme activity detected was
plotted against a log scale of concentrations of wortmannin or
LY294002. Each point on the graph is a mean of two duplicate
experiments. (b) 35S-labelled TGN46 complexes were

immunoprecipitated from U937 cells, fractionated on 10%
SDS–PAGE gels, dried, and analysed by autoradiography. 
(c) Immunoprecipitates bound to control protein G–Sepharose beads
(lane 1) or affinity-purified sheep anti-TGN46 antibodies bound to
protein G–Sepharose (lanes 2,3) were treated with [3H]wortmannin in
the absence (lanes 1,2) or presence (lane 3) of 100-fold excess of
cold wortmannin, fractionated on 8% SDS–PAGE gels and analysed
by autoradiography.



200–250 kDa (Figure 2b, lane 2). Similar results were
obtained from immunoprecipitations using affinity-puri-
fied sheep anti-TGN46 polyclonal antibodies (data not
shown). To identify wortmannin-sensitive catalytic sub-
units in the TGN46 complex, immunoprecipitates from
U937 cells were treated with 3[H]wortmannin (Figure 2c)
in the absence (lane 2) or presence (lane 3) of excess cold
wortmannin. No labelled polypeptides are visible in the
control immunoprecipitation (lane 1). However, a tritium-
labelled, high-molecular-weight polypeptide of approxi-
mately 250 kDa is visible upon treatment of the
immunoprecipitated TGN46 complex with [3H]wortman-
nin (Figure 2c, lane 2). 

HeLa cells treated with either wortmannin or LY294002
were analysed using light fluorescence microscopy; we did
not detect any significant overall effects on TGN46 local-
ization, in agreement with previous studies [9,10].
However, treatment with wortmannin or LY294002 did
cause accumulation of the transferrin receptor in endo-
somes, again in agreement with previous studies [10] (data
not shown). To look for effects at the ultrastructural level,
HeLa cells treated with 100 nM wortmannin were
processed for immuno-gold localisation of TGN46 on
ultrathin cryosections. In untreated controls, TGN46
is localised over a compact accumulation of tubulo-

vesicular profiles close to the Golgi stack (Figure 3a); this
compartment appears to be a mixture of tubules, vesicles
and cisternal membranes [11,12]. Upon treatment with
wortmannin (Figure 3c) or LY294002 (Figure 3b),
TGN46-positive structures tended to appear more dilated
and electron lucent (Figure 3b,c, arrowheads). 

TGN46-labelled profiles were further analysed by mea-
suring the diameter of both electron-dense and electron-
lucent structures (Figure 3d). In untreated controls, the
TGN46-labelled profiles generally ranged in size
between 50 and 150 nm in diameter (mean 70 nm; coeffi-
cient of error = 12%, n = 20). To further examine wort-
mannin effects on Golgi structure under these conditions
we also processed cells for conventional epoxy resin thin-
section analysis. Although electron-lucent profiles close
to the Golgi stack were detected in wortmannin-treated
cells, the effect was less marked than in cryosections
(results not shown).

The effects of wortmannin treatment were not observed
in every Golgi apparatus profile, but quantitation
showed a marked increase in the fraction of the
TGN46 labelling over electron-lucent structure profiles
from 27% (coefficient of error = 29%, n = 20) in
controls to 43% (coefficient of error = 26%, n = 21) upon
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Effects of wortmannin and LY294002 on the TGN46-labelled
compartment. Thin cryosections of control HeLa cells (a) or cells
treated with 50 µM LY294002 (b) or 100 nM wortmannin (c) were
labelled with rabbit polyclonal antibodies to TGN46 followed by
protein A–6 nm gold conjugates. Arrowheads in (b) and (c) point to
swollen electron-lucent structures labelled for TGN46 on the trans
side of the Golgi stack. The trans-Golgi network , asterisk in (a), and

the Golgi stack, G in (a–c), are labelled. Scale base in (c) = 1 µm. 
(d) A representative number of TGN46-labelled profiles from untreated
(control) and wortmannin (WT)-treated HeLa cells were analysed and
the diameter of each profile is represented. The mean profile size in
each experiment is indicated by the horizontal bar for each set of
values (see text).



wortmannin treatment. These swollen structures may be
derived from endosomal membranes or correspond to an
expansion of the TGN46-positive compartment in the
TGN. As these inhibitors affect several lipid kinases
[4–6], we cannot be certain that these effects are due to
the TGN46-associated enzyme. An alternative is that
PtdIns 3-kinase inhibition dramatically increases com-
partment volume by inhibition or activation of trans-
porters such as proton pumps. 

Increasing evidence suggests that PtdIns-specific 3-
kinases regulate membrane traffic events in the endocytic
pathway and from the TGN to distal compartments in
eukaryotes [4,6]. An important example is the Saccha-
romyces cerevisiae VPS34 gene product, which regulates
transport of carboxypeptidase Y from the Golgi apparatus
to the yeast vacuole [4]; the TGN46-associated PtdIns 3-
kinase may be involved in a similar step in membrane
traffic from the TGN to a distal compartment. A variety
of PtdIns-specific 3-kinases have been cloned from
eukaryotes and encode polypeptides ranging from
100 kDa–190 kDa (reviewed in [6]). Vps34 is a 100 kDa
polypeptide with PtdIns 3-kinase activity that is inhibited
only by relatively high micromolar concentrations of wort-
mannin [4]. However, in contrast to yeast Vps34, most of
the other mammalian PtdIns 3-kinases are sensitive to
low nanomolar concentrations of wortmannin. We have
identified a [3H]wortmannin-labelled polypeptide of
approximately 250 kDa in the TGN46 complex; this is
likely to account for the PtdIns 3-kinase activity associ-
ated with such complexes and is a candidate for the wort-
mannin and LY294002 target in vivo. Once sequences of
this polypeptide are obtained, it will be possible to deter-
mine whether it is a new or a previously identified
member of the PtdIns 3-kinase family. Preliminary work
by Howell and co-workers [13] suggests that a lipid
kinase activity is also associated with the rat orthologue,
TGN38. Cloning of the TGN46-associated PtdIns 3-
kinase enzyme described in this study, combined with
biochemical and cell biological investigations, will
provide new insights into the molecular principles gov-
erning such membrane dynamics.

Materials and methods
Immunoprecipitations, lipid kinase assays and electron
microscopy
TGN46 complexes were immunoprecipitated from U937 or HeLa cell
lysates as previously described [3] using rabbit anti-TGN46 [11] or
affinity-purified sheep anti-TGN46 (M.T. and S.P., unpublished obser-
vations) polyclonal antibodies. Lipid kinase assays were carried out as
previously described [14] and all experiments were carried out in dupli-
cate. Control immunoprecipitations using an equivalent amount of pre-
immune serum also showed less than 0.5% kinase activity (relative to
TGN46 immunoprecipitates) using PtdIns as a substrate. Deacylation
of lipids and subsequent analysis of the products were carried out
using base catalysis and HPLC [15]. Cells were treated for 2 h with
either of the lipid kinase inhibitors and processed for immuno-electron
microscopy as previously described [11,12].

Supplementary material
Further details of methodology and a table showing the biochemical
properties of the TGN46-associated PtdIns 3-kinase are published
with this paper on the internet.

Acknowledgements
We thank Liz Smythe and Colin Watts for critically reading the manuscript.
We thank Richard Currie for providing purified PITP and helpful discus-
sions. This work was supported by CASE/BBSRC PhD studentships to
D.M.H. and S.C., respectively, grants from the Wellcome Trust and MRC
(C.P.D.) and an MRC Senior Research Fellowship Career Development
Award (S.P.).

References
1. Rothman JE, Wieland FT: Protein sorting by transport vesicles.

Science 1996, 272:227-234.
2. Banting G, Ponnambalam S: TGN38 and its orthologues: roles in

post-TGN vesicle formation and maintenance of TGN
morphology. Biochim Biophys Acta 1997, 1355:209-217.

3. Jones SM, Crosby JR, Salamero J, Howell KE: A cytosolic complex
of p62 and rab6 is associated with TGN38/41 and is involved in
the budding of exocytic vesicles from the trans-Golgi network. J
Cell Biol 1993, 122:775-788. 

4. DeCamilli P, Emr SD, McPherson PS, Novick P: Phosphoinositides
as regulators in membrane traffic. Science 1996, 271:1533-1539.

5. Vanhaesebrock B, Leevers SJ, Panayotou G, Waterfield MD:
Phosphoinositide 3-kinases: a conserved family of signal
transducers. Trends Biochem Sci 1997, 22:267-272.

6. Domin J, Waterfield MD: Using structure to define the function of
phosphoinositide 3-kinase family members. FEBS Lett 1997,
410:91-95.

7. Panaretou C, Domin J, Cockcroft S, Waterfield MD: Characterization
of p150, an adaptor protein for the human phosphatidylinositol
(PtdIns) 5-kinase — substrate presentation by
phosphatidylinositol transfer protein to the p150-PtdIns 3-kinase.
J Biol Chem 1997, 272:2477-2485.

8. Ponnambalam S, Girotti M, Yaspo ML, Owen CE, Perry ACF,
Suganuma T, et al.: Primate homologues of rat TGN38: primary
structure, expression and functional implications. J Cell Sci 1996,
109:675-685.

9. Brown WJ, Dewald DB, Emr SD, Plutner H, Balch WE: Role for
phosphatidylinositol 3-kinase in the sorting and transport of
newly synthesized lysosomal enzymes in mammalian cells. J Cell
Biol 1995, 130:781-796.

10. Reaves BJ, Bright NA, Mullock BM, Luzio JP: The effect of
wortmannin on the localisation of lysosomal type I integral
membrane glycoproteins suggests a role for phosphoinositide 3-
kinase activity in regulating membrane traffic late in the endocytic
pathway. J Cell Sci 1996, 109:749-762.

11. Prescott AR, Lucocq JM, James J, Lister JM, Ponnambalam, S:
Distinct compartmentalization of TGN46 and b1,4-
galactosyltransferase in HeLa cells. Eur J Cell Biol 1997, 72:238-
246.

12. Lucocq JM, Berger E, Hug C: The pathway of Golgi cluster
formation in okadaic acid-treated cells. J Struct Biol 1995,
115:318-330.

13. Jones SM, Bankiatis VA, Howell KE: Exocytic vesicle formation
requires interaction between a PI3-kinase and a PI-transfer
protein. Mol Biol Cell 1996, 7:2566A.

14. James SR, Demel RA, Downes CP: Interfacial hydrolysis of
phosphatidylinositol 4-phosphate and phosphatidylinositol 4,5-
bisphosphate by turkey erythocyte phospholipase C. Biochem J
1994, 298:499-506.

15. Batty IH, Downes CP: The inhibition of phosphoinositide synthesis
and muscarinic receptor-mediated phospholipase-C activity by
lithium chloride as secondary, selective, consequences of inositol
depletion in 1321N1 cells. Biochem J 1994, 297:529-537.

990 Current Biology, Vol 7 No 11


	Association of a phosphatidylinositol-specific 3-kinase with a human trans-Golgi network resident protein
	Results and discussion
	Materials and methods
	Immunoprecipitations, lipid kinase assays and electron microscopy
	Supplementary material

	Acknowledgements
	References

	Figures
	Figure 1
	Figure 2
	Figure 3


