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Intracellular trafficking of ceramide by ceramide transfer protein

By Kentaro HANADA*!T

(Communicated by Kunihiko SUZUKI, M.J.A.)

Abstract:

The transport and sorting of lipids are fundamental to membrane biogenesis. In

the synthesis of sphingolipids in mammalian cells, ceramide is newly produced at the endoplasmic
reticulum (ER), and transported from the ER to the ¢rans Golgi regions, where it is converted
to sphingomyelin. Ceramide transfer protein (CERT) mediates the ER-to-Golgi trafficking of
ceramide. It has been suggested that CERT extracts ceramide from the ER and carries it to
the Golgi apparatus in a non-vesicular manner and that efficient CERT-mediated trafficking of
ceramide occurs at membrane contact sites between the ER and the Golgi apparatus.
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Introduction

Biological membranes are composed of lipids and
proteins. Eukaryotic cells have various intracellular
membrane compartments or ‘“organelles” including
the plasma membrane, endoplasmic reticulum (ER),
Golgi apparatus, mitochondrion, and lysosome. In
eukaryotic cells, the membranes of different organ-
elles differ in lipid composition, and the various bio-
membranes show an asymmetric distribution of lipid
types across the membrane bilayer. This heterolo-
gous distribution of lipids is regulated, being deter-
mined by the location of lipid synthases and their
topology in the membrane, as well as several types
of trafficking including flip-flop, vesicular trafficking,
and non-vesicular trafficking.) The inter-organelle
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trafficking of proteins is mediated by transport mem-
brane vesicles and tubules, which load the desired
set of proteins and deliver them to the appropriate
organelles.?-3 Vesicle-mediated mechanisms also
operate in some lipid flux routes such as the endo-
cytosis of plasma membrane lipids.¥->) In contrast,
various types of lipid synthesized in the ER are
sorted to other organelles by non-vesicular mecha-
nisms. -9 Little is known, however, about the
molecular machinery responsible for the inter-organelle
movement of lipids.

A molecular factor playing a key role in the
trafficking of the lipid ceramide has been identified,
and, based on its characteristics, a model of non-
vesicular trafficking of ceramide has been proposed
as summarized in this short review.

Biosynthesis of sphingolipids

Sphingolipids are ubiquitous constituents of bio-
logical membranes of mammalian cells. The phosphos-
phingolipid sphingomyelin (SM) typically accounts
for 2-15% of all the phospholipids in mammalian
cells. Glycosphingolipids also occur widely in animal
cells but with a remarkable diversity in composition
among cell types.!® In mammalian cells, the biosyn-
thesis of sphingolipids occurs as shown in Fig. 1.11:12)
Condensation of L-serine and palmitoyl co-enzyme A
(CoA) produces 3-ketodihydrosphingosine, which is
converted to dihydrosphingosine. Dihydrosphingosine
is N-acylated to produce dihydroceramide, which
is desaturated to be converted to ceramide. These
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Fig. 1.

enzymatic reactions occur at the cytosolic side of the
ER membrane. After being transported to the Golgi
apparatus, ceramide is converted to SM, or to glu-
cosylceramide (GlcCer) and then to more complex
glycosphingolipids.

Cell mutant defective in intracellular
trafficking of ceramide

The cytolytic toxin lysenin, derived from the
earthworm FEisenia foetida, binds to SM with high
affinity.!® For the isolation of cell mutants defective
in SM metabolism, lysenin-resistant mutants were
selected from CHO-K1 cells (a permanent cell line
derived from a Chinese hamster ovary) after chemi-
cal mutagenesis, and a novel type of cell mutant
(designated LY-A) was obtained.!¥ LY-A cells have
reduced levels of SM.!¥ Metabolic labeling expe-

'

More complex glycosphingolipids

Biosynthetic pathway of sphingolipids in mammalian cells.

riments with radioactive precursors showed that
LY-A cells are severely defective in the synthesis of
SM, but not other sphingolipid types.!> However,
no defect was observed in the synthesis of ceramide
and phosphatidylcholine (precursors of SM synthe-
sis) or in the activity of SM synthase.'® Hence, it
was hypothesized that LY-A cells had a defect in
the transport of ceramide from the site of its synthe-
sis to the site of the synthesis of SM.

Several lines of evidence supported this hypo-
thesis.!® First, when cells were treated with the fun-
gal metabolite brefeldin A to merge the Golgi appa-
ratus and the ER, the synthesis of SM in LY-A cells
was restored to the wild-type level, consistent with
the notion that, in brefeldin A-treated cells, ceramide
is accessible to the normally Golgi-localized SM syn-
thase without ER-to-Golgi trafficking events. Second,
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Redistribution of C5-DMB ceramide in intact CHO cells.!> Cells were labeled with 1 pM C5-DMB ceramide at 4 °C for

30 min, washed and chased at 33 °C for 15 min. For energy inhibition, cells were pretreated with energy inhibitors (50 mM
deoxy-D-glucose and 5 mM NaN3) at 33 °C for 15min, chilled, labeled, and chased in the presence of the energy inhibitors.

pulse-chase experiments with Cs-DMB-ceramide, a
fluorescent analog of ceramide, in intact cells demon-
strated that transport of C5-DMB-ceramide from the
ER to the Golgi apparatus is far slower in LY-A cells
than in wild-type cells (Fig. 2). Interestingly, treat-
ment of wild-type cells with energy poisons inhibited
ER-to-Golgi transport of Cs-DMB-ceramide to the
level in LY-A cells (Fig. 2). These results revealed
that LY-A cells are defective in energy (probably
ATP)-dependent trafficking of ceramide from the
ER to the Golgi compartment. ER-to-Golgi traffick-
ing of proteins in LY-A cells appeared to be normal.

Reconstitution of ceramide trafficking in
semi-intact CHO cells

Transport of ceramide from the ER to the Golgi
site for SM synthesis was reconstituted within semi-
intact cells (Fig. 3A).19 Semi-intact CHO cells, pre-
pared by mild perforation of the plasma membrane,
retain the ER and Golgi apparatus but not cyto-
solic soluble proteins. In the reconstitution sys-
tem, [3H]ceramide is pulse-labeled with D-erythro-
[*H]sphingosine and palmitoyl CoA in perforated
cells at 15°C, and the prelabeled semi-intact cells
are chased in the presence of the cytosolic fraction
and an ATP-regeneration system at 37 °C to convert
[3H]ceramide to [*H]SM.

Several lines of evidence indicate that the assay
of [*H|ceramide’s conversion to [*H|SM using the
semi-intact cell system is a faithful in wvitro assay
for the activity to transport ceramide from the ER
to the site of SM synthesis.!® First, long-chain
[3H]ceramide produced by metabolic conversion of
[3H]sphingosine in semi-intact cells is expected to be
embedded in the membrane in the same way as
natural ceramide synthesized at the ER in intact
cells. Second, the rates of conversion of [*H]ceramide
to [*H]SM in intact and semi-intact cells are similar.
Third, ceramide-to-SM conversion in semi-intact cells
is dependent on ATP, consistent with the observation
that ATP-depletion in intact CHO-K1 cells by energy
inhibitors inhibits ER~to-Golgi trafficking of ceramide.
Fourth, the rate-determining step for the production
of [*H]SM from [3H]ceramide in vitro as well as in
vivo is the transport of ceramide not the reaction
involving SM synthase, because ceramide was con-
verted to SM efficiently in brefeldin A-treated intact
and semi-intact cells even under low temperature
and ATP-depleted conditions unlike in untreated
controls. Most importantly, the semi-intact cell sys-
tem reproduces the phenotype of mutant LY-A cells;
the rate of ceramide-to-SM conversion in semi-intact
LY-A cells is only ~20% of the wild-type level (Fig.
3B).
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Fig. 3. Reconstitution of ER-to-Golgi trafficking of ceramide
in perforated cells.!® (A) The procedure for the reconsti-
tution of ceramide trafficking in semi-intact CHO cells is
represented schematically. (B) Reconstitution of ceramide
transport from the ER to the Golgi site for SM synthesis in
the semi-intact cell system. Perforated wild-type (WT) and
LY-A cells pulsed with [*H]sphingosine were chased at
37 °C for 30 min in the transport reaction mixture with the
indicated combination of perforated cells (40 pg protein)
and cytosolic fraction (100 pg protein). For the cytosol-
minus experiments (—), no cytosolic fraction was added to
the reaction mixture. The data are expressed as a percentage
of the mean value of the wild-type control, where wild-type
perforated cells (40 pg protein) were chased in the trans-
port reaction mixture, containing wild-type cytosol (100 pg
protein).

Analysis with the in witro reconstitution sys-
tem showed that the ATP-dependent trafficking of
ceramide requires cytosol (Fig. 3B).19 In addition,
cytosol-exchange experiments demonstrated that,
when perforated LY-A cells were chased with the
wild-type cytosol, the [*H|ceramide-to-[*H|SM con-
version was completely rescued (Fig. 3B), indicating
that the mutant phenotype of LY-A cells results
from a deficiency of a cytosolic factor.!®)
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Identification of CERT as the factor
impaired in LY-A cells

Because cholesterol has a stronger affinity for
SM than for glycerophospholipids, altering the level
of coexisting SM affects the behavior of cholesterol
in artificial model membranes and biological mem-
branes.!” Through functional rescue experiments ex-
ploiting the hyper-sensitivity of LY-A cells to the
cholesterol-adsorbent methyl-B-cyclodextrin,!® CERT
was isolated as the factor that restores the defect in
the mutant.!?

CERT, a hydrophilic 68-kDa protein, consists
of three parts (Fig. 4A). The amino terminal ~120
amino acid region forms a pleckstrin homology (PH)
domain.2”-2) The carboxyl terminal ~230 amino acid
region forms a steroidogenic acute regulatory protein
(StAR)-related (START) domain.?? The ~250 amino
acid region between the two domains is predicted to
form no globular domains, but may have various
roles as described below. Among model organisms in
genome projects, vertebrates and invertebrates have
CERT orthologues, whereas plants, unicellular eukar-
yotes (such as fungi and protozoa), and prokaryotes
have no close relatives of CERT.

PH domains are protein modules of ~120 amino
acid residues that have a common core fold consist-
ing of a seven-stranded B-sandwich structure with a
C-terminal a-helix. A well-characterized function of
PH domains is the binding of phosphatidylinositol
phosphates.??) The PH domain of CERT specifically
binds to phosphatidylinositol 4-phosphate. (PI4P).19
PI4P is thought to be mainly distributed to the Golgi
apparatus, as several PH domains (including the PH
domain of CERT) which selectively recognize PI4P
were shown to target the Golgi apparatus or the trans
Golgi network (TGN).19-29-29) The CERT of LY-A
cells has one point mutation, G67E, which destroys
the PI4P-binding activity of the PH domain.'® Thus,
CERT having the G67TE mutation can not target the
Golgi apparatus.

START domains are protein modules of ~230
amino acid residues that have similarity to StAR,2?
which mediates the transport of cholesterol to mito-
chondria and/or from the outer to inner membrane
of mitochondria for the production of steroid hor-
mones.2?” 29 The human genome has 15 START
domains, and invertebrates and plants also have
START domains.??32) Several START domains
have been shown to bind specific lipid ligands:
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for example, cholesterol for StAR and metastatic
lymph node 64 protein,3?-3# phosphatidylcholine for
phosphatidylcholine-transfer protein (PCTP),35)-36)
phosphatidylcholine (and phosphatidylethanolamine
with less efficiency) for PCTP-like protein/StarD10/
CGI-52,*) and carotenoid for the silkworm carotenoid-
binding protein.3® The START domain of CERT
can extract ceramide from membranes and transfer
the bound ceramide to membranes.!® CERT can
also catalyze inter-membrane transport of dihydro-
ceramide and phytoceramide, natural isoforms of
ceramide, but not other types of lipids such as choles-
terol, phosphatidylcholine, sphingosine and SM.3?)

Vesicle-associated membrane protein-associated
protein (VAP) is an ER-resident membrane protein,
homologs of which are widely distributed from yeast
to human.*® A short peptide motif interacting with
VAP proteins has been identified.#! Based on the
conserved sequence (EFFDAXE), the motifs are re-
ferred to as FFAT motifs (two phenylalanines in
an acidic tract).*D Interestingly, an FFAT motif
is present in CERT (Fig. 4A).4D-42 VAP co-immuno-
precipitated with CERT, and mutations in the FFAT
motif of CERT disrupted not only VAP-CERT inter-
action but also the CERT-mediated ER-to-Golgi
transport of ceramide.*?

Crystal structure of the START
domain of CERT

X-ray crystallography has revealed the structure
of the START domain of CERT; N- and C-terminal

o-helices with a curved antiparallel B-sheet consisting
of nine B-strands and two short o-helices (Fig. 5).4®
A hydrophobic cavity is formed by the B-strands
covered by three helices (the C-terminal and two
short helices) in the START domain (Fig. 5A). The
co-crystal structure of the START domain of CERT
in a complex with ceramide showed that one ceramide
molecule is buried in a long amphiphilic cavity and
that at the far end of the cavity, the amide- and hy-
droxyl-groups of ceramide form a hydrogen bond net-
work with specific amino acid residues (Fig. 5B).4
There is no extra space to accommodate an addi-
tional bulky group at the C1 position of ceramide,
which explains why CERT can not recognize SM.*3)
The two aliphatic chains of ceramide are surrounded
by the hydrophobic wall of the cavity, whose size and
shape dictate the acyl chain length limit of cognate
ceramides.*?)

Non-vesicular model of CERT-mediated
trafficking of ceramide

Based on the molecular features of CERT de-
scribed above, a model of ceramide trafficking from
the ER to the Golgi apparatus has been proposed
(Fig. 6).19-42:44 In this model, CERT extracts newly
synthesized ceramide from the ER, depending on
its START domain, carries the ceramide molecule
through the cytosol in a non-vesicular manner, and
targets the Golgi apparatus, dependent on its PH
domain recognizing PI4P. Interaction of CERT with
the ER is probably facilitated by the binding of the
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Fig. 5. Crystal structure of the START domain of CERT.#» (A) The apo-form of the CERT START domain in a ribbon
representation. o-Helices (al-04), B-strands (B1-p9), and Q loops (1 and Q2) are numbered from the N to C terminus. (B)
The CERT START domain in a complex with C;g-ceramide. The ceramide molecule is represented as space-filling spheres in
which yellow, blue, and red spheres represent C, N, and O atoms, respectively.

FFAT motif of CERT with the ER membrane pro-
tein VAP, as described above. After the release of
ceramide at the Golgi apparatus, CERT might in
turn bind diacylglycerol generated during SM syn-
thesis, because CERT can poorly but significantly
catalyze the inter-membrane transfer of diacylgly-
cerol in vitro.3

Subdomains of the ER are suggested to be spa-
tially very close to trans Golgi stacks.*»40 CERT
might quickly shuttle between the two organelle
membranes at the sites of contact (Fig. 6). If the PH
domain and the FFAT motif of CERT can simulta-
neously associate with the Golgi apparatus and the
ER, respectively, transport of ceramide from the ER
to Golgi apparatus might be attained by the ‘neck-
swinging’ movement of the START domain (Fig. 6).

Involvement of CERT in the
synthesis of GlcCer

It is controversial whether CERT plays a key
role in the conversion of ceramide to GlcCer. When
analyzed with radioactive serine, LY-A cells showed
a mild deficiency in metabolic labeling of GlcCer.!?)
When CERT was knocked down in MEB4 cells (a
subline of mouse B16 melanoma), a mild deficiency
in metabolic labeling of GlcCer with radioactive

serine was also observed.4”) Interestingly, when meta-
bolic labeling with radioactive sphingosine, which
allows the de novo synthesis of sphingoid bases to be
bypassed in the labeling of ceramide, was carried out,
LY-A cells showed an ~50% reduction in the labeling
of SM and ~100% increase in the labeling of GlcCer,
compared with wild-type cells.!® The mild reduction
in GlcCer in CERT-deficient cells might be due to a
repression of the formation of sphingoid bases as a
compensatory response to the reduced consumption
of ceramide, although the mechanism of repression
remains unknown. Alternatively, CERT could also
be important for the transport of de novo synthesized
ceramide from the ER to the site of GlcCer synthesis.
Ceramide produced from exogenous sphingosine might
exist in different pools: sphingosine-derived ceramide
may be transported from one pool to the site of SM
production in a CERT-dependent manner and from
another pool to the site of GlcCer production in a
CERT-independent manner.

Regulation of CERT-mediated
trafficking of ceramide

The CERT-dependent movement of Cs-DMB-
ceramide from the ER to the Golgi apparatus in cells
is inhibited by pre-treatment of cells with energy poi-



432 K. HANADA [Vol. 86,
\ OH OH °
OH 0, AN ' OH
o Fo 5 %1_")\" 4 ek TRERTT )
ors - c"”\ff L o 3@@? YN
//c Ho»cl il
c \c H:,c o
¢ o
fRANIRRaR AN \
o ® Y / LR Y
fReppfeRRARR T SR ARTT
Ceramide SM P14P @ Lol i?ﬁ ) ol

Cis i
ER Golgi
FFAT motif
EFFDAXE
\ o~
CERT ‘ J !
PH VR Na?

START

Fig. 6.

ER-Golgi membrane
contact sites

Short-distance shuttle

wf;ﬁ@ o

el \
ER %53 fl
VAP

SRARTERTRANTT
- / Sl
s

CERT

trans A0 ERATT
Golgi 5@?&%@ G

¢

AR
T

AeSR AT
2&%&%2&%

Neck-swinging

o e o
A N TR
TR ¢
o
9 i )

A model of CERT-mediated trafficking of ceramide from the ER to the trans Golgi region. SMS, SM synthase;

GCS, GlcCer synthase. Inset, efficient trafficking of ceramide through short-distance shuttling by CERT or through
the ‘neck-swinging’ movement of the START domain might occur at the sites of contact between the ER and trans Golgi

cisternae.

sons (Fig. 2).19 Also, the transport of ceramide from
the ER to the site of SM synthesis in semi-intact cells
requires ATP.!® In contrast, the CERT-mediated
transfer of ceramide between artificial phospholipid
vesicles does not require biological energy.!9-3?) The
dependence on ATP might be attributable to the
Golgi-targeting process including the synthesis of
PI4P in the Golgi membrane, because the PI4P-
dependent Golgi-targeting of the PH domain of
four-phosphate-adaptor protein was shown to require
ATP in permeabilized COS7 cells (a permanent cell
line derived from simian kidney).?® There are four
types of phosphatidylinositol 4 kinase (Ila, IIla, IIf,
and ITIB) in mammals.*® Among them, type-IIIf is
likely to play a dominant role in the Golgi-targeting

of CERT and the ER-to-Golgi transport of ceram-
ide.*? It is also conceivable that ATP is required for
the intramembrane transport of ceramide from the
cytosolic side to the luminal side in the Golgi lipid bi-
layers although transbilayer movement of Cyg-ceram-
ide has been suggested to occur with a half-time of
~1 min in phospholipid vesicles without any biologi-
cal energy.>9

When expressed in mammalian cells, CERT is
phosphorylated multiple times at a serine-repeat
motif, a possible site for casein kinase I (CKI), the
typical recognition sequence of which is pSer/pThr
(or Glu/Asp cluster)-X;_3-Ser/Thr (the underlined
Ser or Thr is to be phosphorylated).”) When Ser132,
the most N-terminal serine in the serine-repeat motif,
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was replaced with alanine (S132A), the ptotein was
no longer hyperphosphorylated.’!) For ER-to-Golgi
trafficking of ceramide, the S132A mutant was more
active than the wild-type CERT in semi-intact cells.>D
In contrast, CERT 10E, a mutant in which all ten
serine and threonine residues in the serine-repeat
motif are replaced with glutamic acid residues, was
almost inactive.’!) In cell-free assay systems, both
the PI4P-binding and ceramide-transport activities
of CERT S132A were higher than those of the wild-
type CERT, while these activities of CERT 10E
were far lower.3D Interestingly, PH domain-deleted
CERT 10E had similar ceramide-transport activity
to CERT S132, while START domain-deleted CERT
10E showed similar PI4P-binding activity to CERT
S132A.5D Collectively, these results indicate that
the phosphorylation of the serine-repeat motif in-
duces an autoinhibitory interaction between the PH
and START domains and consequently inactivates
both the PI4P-binding and ceramide-transport activi-
ties of CERT (Fig. 4B).5) When expressed in human
cervical HeLa-S3 cells, wild-type CERT is distributed
throughout the cytoplasm with significant concentra-
tion at the Golgi complex, while the CERT S132A
mutant is localized to the Golgi complex at the
fluorescence microscopic level >V supporting the hy-
pothesis that CERT acts at the ER-Golgi membrane
contact sites.

Protein kinase D (PKD) is likely to be a major
kinase which phosphorylates S132 of CERT, because
knockdown of both PKD1 and 2 reduced the phos-
phorylation of CERT in human embryonic kidney-
derived HEK293T cells.>® After phosphorylation of
S132, CERT is further phosphorylated by the CKI
family; the y2 isoform of CKI plays a major role in
the hyperphosphorylation of CERT in HeLa-S3 cells
(Fig. 4B).>® The hyperphosphorylation of CERT at
the serine repeat motif is likely to be a crucial step
in the regulation of the activity.>3

Protein phosphatase 2Ce (PP2Cg), an integral
membrane protein located at the ER, is relevant to
the dephosphorylation of CERT in cells (Fig. 4B).>%
By yeast two-hybrid screening, VAP was found to
bind PP2Ce.>» Overexpression of PP2Ce dephos-
phorylated co-expressed CERT when VAP was also
overexpressed.”® In addition, CERT dephosphory-
lated by PP2C¢ selectively bound to VAP.>® Over-
expression of PP2Ceg also redistributed CERT to the
Golgi,>» which is consistent with the finding that
dephosphorylation of CERT enhanced its binding
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to PI4P.5D These observations suggest that only de-
phosphorylated CERT can interact with both the
ER and Golgi, and act at the ER-Golgi membrane
contact sites.

CERT and Goodpasture antigen-binding
protein (GPBP)

CERT is identical to GPBPA26, a splicing vari-
ant of GPBP. Goodpasture disease is an autoimmune
disorder. In Goodpasture patients, autoantibodies
against the non-collagenous carboxyl terminus domain
of collagen IV a3 cause a progressive glomeruloneph-
ritis. Raya et al. screened for human recombinant
proteins able to bind the amino terminal peptide of
the non-collagenous carboxyl terminus domain using
the phage display method, and found a 70-kD pro-
tein, which they named GPBP.29 GPBPA26, which
has 26 fewer amino acid residues than GPBP, is
a more common splicing variant and is expressed
widely in various tissues.?!) COL4A3BP (standing
for collagen, type IV, alpha 3-binding protein) is the
nomenclature for the genes encoding GPBPs/CERTSs
in humans. The CERT/GPBPA26 transcript does
not contain the 11th exon, which encodes a serine-
rich region consisting of 26 amino acids.

It has recently been shown that various types
of human cells express two GPBP isoforms resulting
from canonical (77-kDa) and noncanonical (91-kDa)
mRNA translation initiation, and that the 77-kDa
GPBP behaves as a soluble secretable protein and
the 91-kD GPBP as a membrane-bound protein.>>
For the secretion of the 77-kDa GPBP, the FFAT
motif and the 26-residue serine-rich region are re-
quired.> Thus, GPBP may primarily act in the
extracellular compartment, while CERT/GPBPA26
mediates ceramide trafficking in the cytosol. It is
worth noting that the larger splicing variant CERTY,,
which is identical to GPBP, also catalyzes inter-
membrane transfer of ceramide in vitro and rescues
LY-A cells.!?

CERT mutant animals

As described above, CERT plays an important
role in the transport of ceramide from the ER to the
Golgi apparatus for the synthesis of SM in cultured
cells. It has been demonstrated that Drosophila mela-
nogaster mutant flies lacking a functional CERT pro-
tein display a >70% decrease in ceramide phosphoe-
thanolamine (the SM analog in Drosophila) with
increased fluidity of the plasma membrane.’® The
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mutant flies show susceptibility to oxidative stress
and have a short lifespan, compared with control
flies.5®

Gene disruption of CERT (and also GPBP) in
mice resulted in death around embryonic day 11.5.57
An analysis of embryos at embryonic day 10.5 showed
the total SM content to be reduced by ~60% in the
mutant, compared with the wild-type control.>” Al-
though total ceramide content did not differ between
the wild-type and mutant embryos, the ceramide
content of the ER was 2-fold higher in the mutant.>”
Cells of the mutant embryos showed abnormal dila-
tion of the ER and degenerating mitochondria, which
probably affect organogenesis.>” Hence, experiments
in vivo and in vitro indicated that the primary
physiological function of CERT/GPBPA26 is most
likely to mediate intracellular trafficking of ceramide.

In zebrafish development, GPBP is expressed at
an earlier stage than CERT/GPBPA26.°® Knock-
down of both GPBP and CERT/GPBPA26 results
in loss of myelinated tracks in the central nervous
system and extensive apoptosis and tissue loss in
the brain and somites.’® The defects are rescued
by expression of GPBP, but not CERT/GPBPA26,
indicating that GPBP and CERT/GPBPA26 have
different functions during zebrafish development.>®
If zebrafish GPBP is also secreted from cells, ex-
tracellular GPBP might play a crucial role in the
development of zebrafish.

CERT inhibitor

The chemically synthesized compound N-(3-
hydroxy-1-hydroxymethyl-3-phenylpropyl)dodecamide
(HPA-12) was found to be a selective inhibitor of
CERT-mediated ceramide trafficking.3?-® Only the
(1R, 3R) isomer among four stereochemical isomers
of HPA-12 is active as an inhibitor (Fig. 7),°” and
the two hydroxyl groups and also the middle chain
lengths (C11-15) are essential for the bioactivity of
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HPA compounds in cells.®? (1R, 3R)-HPA-12 inhib-
ited de novo SM synthesis in wild-type CHO cells to
the level in untreated LY-A cells, while the synthesis
in LY-A cells was not affected by the drug.>® (1R,
3R)-HPA-12, but not inactive isomers, inhibited the
CERT-mediated inter-membrane transfer of ceramide
in a cell-free assay system, indicating this drug to be
a direct antagonist of CERT.3?

CERT and drug-sensitization of cancer cells

Knockdown of COL4A3BP sensitizes various
types of cancer cells to multiple cytotoxic agents
including paclitaxel.®) Such sensitization also occurs
when cancer cells are treated with the CERT inhi-
bitor HPA-12.D A reduction in CERT/GPBPA26
may result in an increase in ceramide in the ER,
thereby producing ER stress, which might sensitize
cells to paclitaxel.®) Alternatively, when its level
in the ER increases, ceramide might flow into mito-
chondria and permeabilize the mitochondrial outer
membrane to proapoptotic proteins.6?

Perspectives

As described above, the activity of CERT is
regulated by phosphorylation and dephosphoryla-
tion. Treatment of cells with methyl-B-cyclodextrin
or sphingomyelinase induces dephosphorylation of
CERT.D Inhibition of the de novo synthesis of
sphingolipids also induces such dephosphorylation.>!
Although the perturbation of cholesterol/SM rafts
at the plasma membrane or the Golgi apparatus is
likely to affect the activity of CERT, further study
is needed to elucidate the mechanism involved.

The finding that GPBP/CERT), is secreted
even without any signal sequence-like motif raises
new questions: how is GPBP/CERT}, secreted? Are
the functions of secreted GPBP/CERT], relevant
to PI4P and ceramide (GPBP/CERT], is expected
to have an intact PH domain and START domain)?
Whereas transgenic overexpression of GPBP/CERTY,
in mice triggers glomerular abnormalities,®? its phy-
siological role at normal levels remains unknown.

The mechanisms underlying the formation of
membrane contact sites between different organelles
should also be elucidated, because such sites are
anticipated to be crucial for interorganelle transport
of small molecules including lipids.®® Recently, mito-
fusin 2 (a mitochondrial dynamin-related protein) in
mammalian cells and the Mmm1/Mdm10/Mdm12/
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Mdm34 complex in yeast cells were found to play
essential roles in the formation of ER-mitochondrial
membrane contact sites.-69) In contrast, it remains
unknown what factors are necessary for the forma-
tion of ER-Golgi membrane contact sites.
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