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Elevated sphingolipids have been associated with increased
cardiovascular disease. Conversely, atherosclerosis is re-
duced in mice by blocking de novo synthesis of sphingolipids
catalyzed by serine palmitoyltransferase (SPT). The SPT
enzyme is composed of the SPTLC1 and -2 subunits, and here
we describe a novel protein-protein interaction between
SPTLC1 and the PDZ protein Par3 (partitioning defective
protein 3). Mammalian SPTLC1 orthologs have a highly con-
served C terminus that conforms to a type II PDZ protein
interaction motif, and by screening PDZ domain protein
arrays with an SPTLC1 C-terminal peptide, we found it
bound the third PDZ domain of Par3. Overlay and immuno-
precipitation assays confirmed this interaction and indicate
Par3 is able to associate with the SPTLC1/2 holoenzyme by
binding the C-terminal SPTLC1 PDZ motif. The physiologic
existence of the SPTLC1/2-Par3 complex was detected in
mouse liver and macrophages, and short interfering RNA
inhibition of Par3 in human THP-1 monocytes significantly
reduced SPT activity and de novo ceramide synthesis by
nearly 40%. Given monocyte recruitment into inflamed ves-
sels is thought to promote atherosclerosis, and because Par3
and sphingolipids have been associated with polarized cell
migration, we tested whether the ability of THP-1 monocytes
to migrate toward MCP-1 (monocyte chemoattractant pro-
tein 1) depended upon Par3 and SPTLC1 expression. Knock-
down of Par3 significantly reduced MCP1-induced chemo-
taxis of THP-1 monocytes, as did knockdown of SPTLC1, and
this Par3 effect depended upon SPT activity and was blunted
by ceramide treatment. In conclusion, protein arrays were
used to identify a novel SPTLC1-Par3 interaction that asso-
ciates with increased monocyte serine palmitoyltransferase
activity and chemotaxis toward inflammatory signals.

Sphingolipids are a structurally diverse class of lipids that
play correspondingly diverse roles in membrane structure, cell
proliferation, immune function, and skin physiology (1–4). De
novo sphingolipid synthesis is initiated by serine palmitoyl-
transferase (SPT),2 an enzyme that condenses serine and palmi-
toyl-CoA forming the biosynthetic intermediate 3-ketodihy-
drosphingosine that is subsequently converted to ceramide,
sphingomyelin, and other sphingolipids (5). SPT is a het-
erodimer composed of the SPTLC1 and -2 subunits (6, 7),
which may form higher order multimeric structures that can
include a third subunit, SPTLC3 (8, 9). Both the SPTLC2 and -3
subunits are catalytically active and contain conserved lysines
that act as Schiff bases during the condensation reaction (5, 8).
In contrast, SPTLC1 does not contain the conserved catalyti-
cally active lysine, but is important for stabilizing the SPTLC2
subunit and anchoring the SPT holoenyzme on the cytosolic
face of the endoplasmic reticulum (10, 11).
Expression and regulation of the SPTLC1/2 holoenyzme are

of interest because its activity controls de novo synthesis of
sphingomyelin, and increased plasma levels of this sphingolipid
have been correlated with an increased incidence of cardiovas-
cular disease in humans (12, 13). Conversely, inhibition of SPT
activity with myriocin, a fungal metabolite, strongly inhibits
atherosclerotic development in ApoE�/� mice (14–18). More-
over, the increased atherosclerosis seen in ApoE�/� mice has
been associated with a post-translational increase in liver SPT
activity (19). How SPT activity and sphingolipids may act to
promote the progression of atherosclerosis is unclear, but the
data do suggest analysis of factors that regulate SPT activity
should provide mechanistic insight into the link between de
novo sphingolipid synthesis and atherosclerosis. In this regard
we have found that SPTLC1 can interact with the ABCA1
transporter and inhibit its ability to transfer cholesterol to
apoA-I, a mechanism that would be expected to promote ath-
erosclerosis (20). Thus, along with playing a direct role in the
synthesis of sphingolipids, SPTLC1may also have evolved as an
SPT subunit whose function is to regulate SPT activity in
response to the cellular demand for sphingolipids and other
membrane constituents such as cholesterol. To play such a role,
SPTLC1 may engage additional protein-protein interactions
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that integrate input from signaling pathways and allow SPTLC1
to modulate SPT activity in response to altered demand for
sphingolipids.
Here we have explored this hypothesis by first conducting

a protein array screen for SPTLC1 interacting factors. Con-
sistent with the potential to engage cellular factors in pro-
tein-protein interactions, sequence alignment of the
SPTLC1 C terminus indicates it has been strongly conserved
in mammals as a type II PDZ domain binding motif. More-
over, because topology studies indicate the SPTLC1C terminus
resides in the cytoplasm where it could be bound by PDZ pro-
teins, we used protein arrays spotted with 123 PDZ domains
from 73 different proteins to screen for interactions with the
SPTLC1 C terminus. This screen indicated the SPTLC1 C ter-
minus directly interacts with the third PDZ domain of PARD3
(partitioning defective protein 3). PARD3, also known as Par3,
is a scaffolding factor that recruits signaling molecules, includ-
ing atypical protein kinase C andCdc42 intomultiprotein com-
plexes that regulate formation of membrane microdomains
required for apical/basal polarity and for directed cellmigration
(21–25). Mutation analysis confirmed the SPTLC1-Par3 inter-
action depended upon the SPTLC1 C-terminal PDZmotif, and
immunoprecipitation assays indicate Par3 is able to associate
with the SPTLC1/2 holoenyzme by binding the SPTLC1 C-ter-
minal PDZ motif. The Par-3 interaction with the SPTLC1/2
holoenyzme was detected in the liver, a major site of SPT activ-
ity and sphingolipid synthesis. Given SPT activity is
proatheroslerotic, and because we have also detected SPTLC1
expression in macrophages, a cell type that plays a central role
in the progression of atherosclerosis, we tested and found that
Par3 was expressed and interacted with the SPT holoenyzme in
primarymousemacrophages. Significantly, loss of Par3 expres-
sion in human THP-1 monocyte macrophages reduced SPT
activity and inhibited their ability to migrate toward MCP-1
(monocyte chemotactic protein-1). Likewise, shRNA suppres-
sion of SPTLC1 reduced monocyte migration toward MCP-1,
as did myriocin inhibition of SPT activity, an effect that was
blunted by loss of Par3 expression. In aggregate, our work has
identified a novel protein-protein interaction between SPTLC1
and Par3 that is associated with an increase in SPT activity and
the promotion of polarized cell migration in response to an
inflammatory signal.

EXPERIMENTAL PROCEDURES

Reagents, Cells, and DNA Constructs—The following re-
agents were purchased from the indicated suppliers: human
poly(A)� mRNA tissue blot (OriGene); myriocin and C16-cer-
amide (Biomol); anti-Par3 antibody (Upstate); anti-HA and
Myc tag antibodies (Covance). The SPTLC1, SPTLC2, and
SPTLC3 antibodies have been described previously (8, 9). The
LY-B cell line was obtained from Dr. Kentaro Hanada via the
RIKEN BRC cell bank. The human THP-1 monocyte and
293HEK cell lines were obtained from the American Type Cul-
ture Collection. Primary bone marrow-derived macrophages
were obtained from C57/BL6 mice and cultured as described
previously (20). Plasmids containing the cDNAs for SPTLC1,
SPTLC2, and the 150-kDa isoform of Par-3 were obtained from
Open BioSystems and Dr. Ramnik Xavier of the Center for

Computational and Integrative Biology, respectively. Integrity
of the cDNA open reading frames was confirmed by sequenc-
ing, and as needed the cDNAsweremodified to generateN-ter-
minal FLAG,HA, andMyc-tagged versions of the encoded pro-
teins using standard cloning techniques.
SPTLC1, -2, and -3 Ortholog Alignments—The Ensembl ge-

nome data base was used to align the orthologs of SPTLC1,
SPTLC2, and SPTLC3 (26). The SPTLC1 C-terminal residues
in all 17 sequenced placental mammalian genomes were found
to be conserved as a type II PDZ motif characterized by hydro-
phobic residues at positions 0 and �2 (X��2X�1�0-COOH).
In SPTLC1 orthologs from other phyla these sequences were
more variable and did not conform to a known PDZ-binding
motif with the exception of SPTLC1 fromGasterosteus aculea-
tus and Drosophila melanogaster. Alignments of the SPTLC2
and SPTLC3 orthologs showed these subunits have been con-
served but that their C termini do not conform to any known
PDZ-binding motifs.
PDZ Array Screen and Overlay Assays—To screen for

C-terminal SPTLC1 protein-protein interactions, we syn-
thesized an N-terminally biotinylated SPTLC1 peptide (bio-
tin-EEELQRAASTIREAAQAVLL-COOH). The peptide was
purified to�95% homogeneity using high pressure liquid chro-
matography as determined by mass spectrometry. The peptide
was incubatedwith protein arrays spotted in duplicate with 123
PDZ domains from 73 PDZ domain-containing proteins (150
nM in blocking buffer, Panomics). After washing, peptide bind-
ing was detected using a horseradish peroxidase-avidin conju-
gate and enhanced chemiluminescence. Arrays were imaged
and quantified using an Alpha Innotech FluorChem 8800
instrument as described previously (27). The binding of full-
length Par3 protein (150-kDa isoform) to the SPTLC1 C termi-
nus was determined using overlay assays as described previ-
ously (28). In brief, sequences representing the C-terminal 75
amino acids of SPTLC1 were expressed and purified from bac-
teria as His-tagged polypeptides with or without an intact PDZ
motif (wild type, �3, VLL-AAA). The polypeptides were sepa-
rated by SDS-PAGE, transferred to nitrocellulose, and incu-
bated with a lysate from 293-EBNA-T cells expressing
full-length HA-tagged Par3. After washing the blot (1� phos-
phate-buffered saline, 0.1% Tween 20), the binding of Par3 was
detected using the anti-HA antibody. The Coomassie staining
of gels run in parallel was used to demonstrate the equal loading
of His-tagged SPTLC1 polypeptides.
Immunological, RNA, and shRNA Methods—To assess the

tissue distribution of the Par3 protein, lysates (1%TritonX-100,
10% glycerol, 140 mM NaCl, 3 mM MgCl2, 50 mM HEPES, pH
7.4, protease inhibitormixture, Sigma)were generated from the
indicated mouse C57/BL6 tissues, and the samples (20 �g of
total protein) were separated by SDS-PAGE. After transfer to
nitrocellulose membranes, Par3 expression in the samples was
detected by immunoblotting with the anti-Par3 antibody, and
to test for SPTLC1 expression the blot was stripped and re-
probed with the anti-SPTLC1 antibody. To assess the tissue
distribution of Par3 mRNA versus that of FRMPD4 mRNA, a
human mRNA tissue blot (OriGene) was sequentially probed
with radiolabeled DNA derived from the cDNAs for Par3,
FRMPD4, and �-actin. Images of the resulting Northern blots
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were captured and quantified using a Typhoon Phosphor-
Imager (GEHealthcare).Toanalyze the role that theSPTLC1PDZ
motif plays in allowing Par3 to associate with the SPTLC1/2
holoenzyme, FLAG-SPTLC1 and the indicated FLAG-SPTLC1
C-terminal PDZmotifmutantswere expressed in 293-EBNA-T
cells in the presence of HA-Par3 and Myc-SPTLC2 using tran-
sient transfection methods (Lipofectamine 2000, Invitrogen).
36 h post-transfection Triton X-100 lysates were prepared, and
0.5 mg of the lysates was precipitated with 35 �l of anti-FLAG
antibody beads (Sigma), anti-HA-antibody, or anti-Myc anti-
body as indicated in the specific experiments. After washing
and elution of the precipitate proteins, the amount of Par3,
SPTLC1, and SPTLC2 was determined by immunoblotting
using the appropriate primary antibodies and a secondary
TrueBlot antibody (eBiosciences). Immunoprecipitation assay
using mouse liver and bone marrow-derived macrophages
lysate were carried out as above using anti-SPTLC1 and
SPTLC2 antibodies and TrueBlot anti-rabbit IgG beads (eBio-
sciences). For shRNA knockdown of Par3, primary screening of
OpenBiosystems lentiviral constructs targeting human Par3
showed clones NM_019619.2-2017s1c1 and NM_019619.2-
2782s1c1 (denoted F12 and G1 in the figures) had the greatest
efficacy to reduce expression of the Par3 protein as assessed by
transient transfection of the human Par3 cDNA with these
clones. Particles generated by packaging these lentiviral con-
structs were used to infect THP-1monocytes, and stable clones
expressing the shRNAs targeting Par3 were obtained by selec-
tion with puromycin (4 �g/ml, 48 h post-infection for 72 h).
Likewise, THP-1 cells expressing the shRNA targeting SPTLC1
siRNA or a control shRNA targeting green fluorescent protein
(GFP) were also generated by puromycin selection as described
previously (20).
Cell Migration Assay—To measure the importance of Par3

and SPTLC1 for THP-1 monocyte migration cells were sus-
pended in RPMI 1640medium (0.1% bovine serum albumin) at
2 � 106 cells/ml. 50 �l of the cell suspensions were transferred
to the upper wells of a ChemoTx 96-well assay plate with an
8-�m pore filter (Neuroprobe). The lower chamber contained
30 �l of media with or without 10 nM MCP-1, Fractalkine, or
fMLP (R & D Systems). The plates were incubated at 37 °C for
2 h, and after washing the filter with phosphate-buffered saline,
the plates were spun at 400 � g for 5 min. Cells that had
migrated into the lower camber were subsequently quantitated
using the Cell Titer-Glo assay (Promega). Additional assays for
viability were conducted using the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide assay as described previ-
ously (20).
Serine Palmitoyltransferase Activity—THP-1 cells were har-

vested by centrifugation (5 min, 900 � g) and lysed in a hypo-
tonic buffer (250 mM sucrose, 10 mM HEPES, pH 7.5, protease
inhibitor mixture), cell debris was removed by centrifugation
(10 min, 900 � g), and a microsome membrane fraction was
obtained by centrifugation (1 h, 100,000 � g). The resulting
membrane pellet was resuspended in reaction buffer (50 mM

HEPES buffer, pH 8.0, 0.5 mM L-serine, 50 �M palmitoyl-CoA,
20 �M pyridoxal 5�-phosphate) with 1 �Ci of L-[14C]serine at
0.2 mg of microsomal protein, 0.2 ml of reaction buffer. After
incubation for 20 min at 37 °C, the reaction was stopped by

adding 0.5 ml of 100 mM KOH in methanol/chloroform (4:1),
followed by addition of 0.5 ml of chloroform. Then 0.5 ml of 2
mM ammonium and 0.1 ml of 2 N NH4OH were added, and the
reaction was vortexed and then centrifuged. The resulting
upper aqueous layer was aspirated, and the lower organic phase
was washed two times with 0.9 ml of 0.002 N ammonium
hydroxide. 400�l of the resulting organic phasewasmixedwith
scintillation fluid, and the amount of L-[14C]serine-containing
lipids was quantified using a scintillation counter (Brinkmann
Instruments).
Metabolic Labeling of Cellular Sphingolipids—To measure

de novo sphingolipid synthesis, THP-1 cells (5� 106 cells) were
suspended in RPMI 1640 medium (10% fetal bovine serum).
The cells were either pretreated with vehicle or 10�Mmyriocin
(Biomol) for 2 h and then were labeled with 5 �Ci/ml of
[14C]serine for 24 h at 37 °C. Cells were harvested by centrifu-
gation, washed with 1� phosphate-buffered saline, and lipids
extracted 1� with 0.75 ml of chloroform/methanol (1:2 v/v)
and 1� with 0.25 ml of chloroform, 0.2 ml of distilled H2O.
After centrifugation the combined organic layer was washed
and dried under a stream of nitrogen gas. The samples were
resuspended in chloroform/methanol (1:2 v/v) and applied to
10 � 16-cm thin layer silica gel 60F plates (Merck). The plates
were developed sequentially with chloroform/methanol/water
(14:6:1,v/v) and chloroform/methanol/acetic acid (190:9:1, v/v)
as described previously (29). Radioactivity was quantified using
a Typhoon PhosphorImager (GE Healthcare).
Statistical Analysis—Data sets were found to have equal vari-

ance and were further compared by a two-tailed Student’s t test
using the SigmaStat software package. Statistical significance
was defined by a p value �0.05.

RESULTS

SPTLC1 Is Bound by Par3 through a Type II PDZ Protein
Interaction—SPT activity in mammalian cells localizes to the
cytosolic face of the endoplasmic reticulum, and topology stud-
ies have shown that mammalian SPTLC1 contains a single
transmembrane domain and a cytoplasmic C terminus (10, 11,
30). Given the orientation of the C terminus, this domain may
allow SPTLC1 to interact with cytoplasmic proteins. PDZ pro-
teins are cytoplasmic factors that contain one or more 90-
amino acid modules that bind the C termini of other proteins,
and this capacity along with additional protein-binding
domains allows PDZ proteins to assemble signaling and mem-
brane microdomain complexes. Ortholog alignment of the
C-terminal residues of a protein can predict its potential to
interact with PDZ domains (31, 32), thus using the Ensembl
data base we aligned the C termini of SPTLC1 orthologs from a
variety of species (Fig. 1A). This showed the SPTLC1 C termi-
nus to have been strongly conserved in the mammalian lineage
as a type II PDZ-binding motif, characterized by hydrophobic
residues at positions �2 and 0 (X��2X�1�0-COOH). The
hydrophobic tail of SPTLC1 is unique compared with the C
termini of SPTLC2 and -3,which did not conform to any known
PDZ-binding motifs (data not shown). Next, the capacity of
SPTLC1 to bind PDZ domains was assessed by probing a series
of protein arrays spotted in duplicate with 123 PDZ domains
from 73 proteins with a biotinylated 20-mer SPTLC1 C-termi-
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nal peptide. Shown are the two arrays containing PDZ domains
that bound the SPTLC1 peptide (Fig. 1B). That the binding of
the SPTLC1 peptide to these domains was driven by a type II
interaction was indicated by probing additional arrays with a
peptide (KIAA0316) containing a type I motif, characterized by
a serine or threonine at the �2 position (X(S/T)�2X�1�0-
COOH), which bound a distinct set of PDZ domains compared
with the SPTLC1 peptide (Fig. 1B). Of the domains that the
SPTLC1 peptide bound, the most intense signal was generated
by the single PDZ domain from a poorly characterized protein
(FRMPD4), followed by the signal from the third PDZ domain
of Par3 (PARD3), a protein that functions to establish polarized
membrane domains and to control directional cell migration
(21–25). The third domain of PTPN13, a protein-tyrosine
phosphatase that regulates cell growth, differentiation, and
oncogenic transformation, was also found to weakly interact
with the SPTLC1 peptide (33, 34).
SPTLC1 mRNA has a reported wide tissue distribution, and

the Par3 mRNA distribution was also found to be more widely
distributed compared with that of FRMPD4, which was princi-
pally expressed in the brain and the heart (supplemental Fig.
1A). At the protein level, expression of Par3 and SPTLC1 was
also found to be widespread and largely coincident (supple-
mental Fig. 1B). Given the more ubiquitous expression of Par3
and the involvement of Par3 in establishing polarized cell
behavior, which also has been shown to require sphingolipids
and SPT activity (35, 36), we further investigated the interac-
tion of Par3 and SPTLC1. Significance of the interaction of the
SPTLC1 peptide with FRMPD4 and PTPN13 PDZ domains
detected in our protein array screen remains to be investigated
andwill be reported elsewhere. For Par3, we used overlay assays
to test whether the full-length Par3 could interact with

SPTLC1, and if sowhether binding required the SPTLC1C-ter-
minal PDZ motif. Purified bacterial polypeptides encoding the
wild type SPTLC1 C terminus or mutant SPTLC1 polypeptides
with a disrupted PDZ motif (�3, VLL-AAA) were subjected to
SDS-PAGE and transferred to nitrocellulose, and a 293-
EBNA-T cell lysate containing HA-tagged Par3 (150-kDa iso-
form) was incubated with the membranes. We found Par3
strongly bound the wild type SPTLC1 C terminus and that this
binding required the type II PDZ motif (Fig. 1C). Coomassie-
stained gels run in parallel showed similar amounts of the
SPTLC1 proteins were used in these assays, which demon-
strated that the lack of Par3 binding to themutant peptides was
not explained by loading artifacts. However, because the
mutant SPTLC1 peptides (particularly the �3 construct) ran
anomalously despite being reduced and denatured, we con-
ducted further assays where both full-length SPTLC1 and Par3
were expressed in 293HEK cells, and their interaction was
assessed by immunoprecipitation. To conduct these experi-
ments, we generated a series of SPTLC1 constructs containing
either an N-terminal FLAG or HA tag, a position that has been
previously found to preserve SPTLC1 protein interactions and
SPT activity (7, 11).We confirmed these results by showing our
FLAG- and HA-SPTLC1 constructs, like WT SPTLC1, bind
SPTLC2 stabilizing its expression and stimulating SPT activity
in LY-B cells, which lack endogenous SPTLC1 expression (sup-
plemental Fig. 2, A and B). Having established the utility of our
constructs, we generated a series of mutants that again dis-
rupted the C-terminal PDZmotif. Interestingly, either deletion
or substitution to alanines of the three residues that make up
the PDZ motif produced mutants that expressed substantially
less SPTLC1 protein but not mRNA suggesting that these
sequences are important for maintaining SPTLC1 protein

FIGURE 1. SPTLC1 contains a conserved C-terminal PDZ motif that interacts with the third PDZ domain of Par3. A, alignment of the C-terminal 25 amino
acids of SPTLC1 from the indicated species is shown, and the final three conserved hydrophobic residues that conform to a class II PDZ motif (X��2X�1�0-
COOH) are boxed. B, SPTLC1 C terminus is able to bind to the third PDZ domain of Par3 as identified by the binding of a biotinylated 20-mer C-terminal SPTLC1
peptide to protein arrays that are spotted in duplicate with 123 PDZ domains from 73 proteins. Shown in the left panels are the two arrays of four containing
PDZ domains that bound the SPTLC1 peptide (signal intensity FRMPD4 � Par3 � PTPN13). That binding of the SPTLC1 peptide to these PDZ domains was
driven by a type II interaction was indicated by the binding pattern of a control biotinylated peptide (KIAA0316), which conforms to a class I PDZ motif
(X(S/T)�2X�1-�0-COOH) and interacts with a distinct set of PDZ domains (right panels). C, binding of full-length Par3 (150-kDa isoform) to the SPTLC1 C terminus
requires the final three residues that comprise the SPTLC1 type II PDZ motif as determined by overlay assays. Purified bacterial polypeptides encoding the wild
type SPTLC1 C terminus or the C terminus with the PDZ motif deleted (�3) or substituted with alanines (AAA) were separated by SDS-PAGE and transferred to
nitrocellulose. Incubation of the membrane with a lysate containing HA-tagged Par3 expressed in 293-EBNA-T cells only bound WT SPTLC1 as determined by
immunoblotting with an anti-HA antibody. Gels run in parallel and Coomassie-stained for total SPTLC1 protein indicate the failure of Par3 to bind the mutant
SPTLC1 polypeptides was not due to unequal loading in these assays.
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stability (Fig. 2A and supplemental Fig. 3A). But the lower
expression of thesemutantsmade comparison of their ability to
bind Par3 difficult. Thus, additional mutants were constructed
that selectively replaced the �2 and 0 positions with alanines
(SPTLC1-ALA, -VLA, and -ALL), substitutions that produced
mutants that were expressed at levels more comparable with
WT SPTLC1 (supplemental Fig. 3A). Using the AAA and ALA
mutants, as well as a third mutant (VAA), we tested by immu-
noprecipitation assays whether their interaction with Par3 was
disrupted. Whereas Par3 co-immunoprecipitated wild type
SPTLC1, little, if any, mutant SPTLC1 protein associated with
Par3 (Fig. 2A, IP, top panel). Failure of the mutants to interact
was not explained by the amount of Par3 precipitated in these
assays because asmuch ormore Par3 was present in the precip-
itates derived from the lysates expressing mutant SPTLC1 (Fig.
2A, IP, bottom panel). Furthermore, low expression of the ALA
and VAA mutants could not explain their failure to interact
with Par3 because total expression of these mutants was near
that of WT SPTLC1 in these assays (Fig. 2A, total lysate, top
panel). These results were confirmed in converse immunopre-
cipitations where the FLAG-SPTLC1 proteins were captured
with limiting amounts of anti-FLAG antibody beads and eluted
with a FLAG peptide. Again, mutation of the SPTLC1 C termi-
nus disrupted the ability of SPTLC1 to co-precipitate Par3,
despite similar levels of the SPTLC1mutants being captured by
the anti-FLAG beads and similar levels of Par3 being co-ex-
pressed with the SPTLC1mutants (Fig. 2B). These results indi-
cate that Par3 interacts with SPTLC1 in a cellular context and
that their binding requires the SPTLC1 C-terminal PDZmotif.
Having demonstrated the ability of SPTLC1 and Par3 to

interact in a cellular setting, we tested whether the complex
could be detected at endogenous expression levels in a physio-
logic context. We investigated the expression of Par3 in the
liver, a tissue where SPTLC1 and SPT activity are important for
the incorporation of sphingolipids into lipoproteins and where
SPT activity is post-translationally regulated by ApoE expres-
sion (19). Immunoblots of mouse liver detected Par3 as a series
of isoforms ranging from 	100 to 150 kDa as has been
described for Par3 expression in other tissues, and as expected
the liver expressed significant amounts of SPTLC1 andSPTLC2
(Fig. 2C, left panels). Initially, immunoprecipitations were

attempted with the commercially available Par3 antibody and
the liver lysates. However, a high level of binding of the second-
ary antibody to the 50-kDa heavy chain of the precipitating
antibody obscured detection of SPTLC1,which is also 50 kDa in
size. To circumvent this problem additional assays were con-
ducted using an SPTLC1 antibody to precipitate the liver
lysates, and it was found that the 150-kDa Par3 isoform prom-
inently co-precipitated with SPTLC1 (Fig. 2C, right, top panel).
This result indicates Par3 and SPTLC1 can interact at endoge-
nous expression levels in the physiologic setting of the liver.
Because the SPT holoenzyme is formed by a complex between
SPTLC1 and SPTLC2, we also sought to test whether Par3
would also be co-precipitated using an SPTLC2 antibody,
which was found to be the case (Fig. 2C, right, bottom panel).
This result suggested Par3 could either directly interact with
SPTLC2 or that it was associating with the SPT holoenzyme by
binding the SPTLC1 C-terminal PDZ motif.
Par3 Can Bind the SPTLC1 C Terminus When SPTLC1 Is

Associated with SPTLC2, but the SPTLC1 PDZ Motif Is Not
Required for Holoenzyme Formation—Our data indicated that
in the liver Par3 was able to interact with both SPTLC1 and
SPTLC2, and thus we sought to distinguish if this was due to an
ability to bind the SPTLC1C-terminal PDZmotif in the context
of the SPT holoenzyme or whether Par3 could also directly
interact with SPTLC2. To address this question we conducted
additional immunoprecipitation assays using an N-terminal
Myc-tagged SPTLC2 construct that we verified could interact
with SPTLC1 in a normal manner and catalyze SPT activity, as
has been reported previously (supplemental Fig. 2B). Myc-
SPTLC2 was expressed in 293-EBNA-T cells alone, in the pres-
ence of Par3, or in the presence of Par3 and either SPTLC1 or
the SPTLC1-ALA mutant. Myc-SPTLC2 was precipitated out
of lysates from the transfected cells, and probing these precip-
itates detected the presence of Par3 in the lysates of cells that
expressedWTSPTLC1 but not in the lysates of cells expressing
the SPTLC1-ALA mutant or in lysates of cells expressing only
SPTLC2 (Fig. 3, top left panel). Probing the blot for SPTLC2
showed similar amountsMyc-SPTLC2were precipitated out of
each of the lysates from theMyc-SPTLC2-transfected cells (Fig.
3, bottom left panel). Thus, the lack of Par3 in the precipitates
from the cells expressing the ALAmutant was not explained by

C

FIGURE 2. Par3 binding of SPTLC1 requires the SPTLC1 type II PDZ motif and occurs at physiologic expression levels in the mouse liver. A, immuno-
precipitation (IP) of HA-Par3 out of 293-EBNA-T cells expressing FLAG (FL)-tagged SPTLC1 or the indicated FLAG-SPTLC1 mutants showing the SPTLC1
C-terminal PDZ motif is required for the binding of SPTLC1 and Par3 in a cellular context. The top two panels show immunoblots (IB) of the precipitated SPTLC1
and Par3, and the lower two panels show the amount of total SPTLC1 and Par3 expressed in the transiently transfected 293HEK cells. B, converse immunopre-
cipitations of the FLAG-SPTLC1 proteins confirm the Par3 interaction with SPTLC1 requires the SPTLC1 C-terminal PDZ motif. C, Par3 150-kDa isoform is
expressed in the mouse liver along with the SPTLC1 and SPTLC2 subunits as determined by immunoblots (left panels) and interacts with SPTLC1 and SPTLC2
as determined by immunoprecipitation of the liver lysates with normal IgG or antibodies against SPTLC1 (top right panel) or SPTLC2 (lower right panel).
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a failure to precipitate myc-SPTLC2. Likewise, probing for the
amount of SPTLC1 and SPTLC1-ALA that co-precipitated
with SPTLC2 indicated SPTLC2 still captured a significant
amount of the SPTLC1-ALAmutant (Fig. 3,middle left panel).
Finally, probing for the total amount of Par3 in the cell lysates
used to perform these immunoprecipitations showed it was
expressed at similar levels when expressed in the presence of
SPTLC2, or in the presence of SPTLC2 and SPTLC1, or the
ALA mutant (Fig. 3, top right panel). These results indicate
SPTLC2 alone is not able interact with Par3 but that in the
presence of SPTLC1 carrying an intact C-terminal PDZ motif
SPTLC2 can co-precipitate Par3.
However, because Myc-SPTLC2 was still able to co-precipi-

tate SPTLC1-ALA, this indicates the association of SPTLC1
and SPTLC2 does not have a critical dependence upon the
SPTLC1 PDZ motif. To further verify that the SPTLC1 PDZ
motif mutants could bind SPTLC2, we conducted additional
co-expression studies and quantitated the ability of SPTLC1
and the SPTLC1-AAA and ALA mutants to stabilize SPTLC2
protein expression. Again, when the amount of SPTLC2 pro-
tein expressionwas normalized to the amount of expressedWT
or mutant SPTLC1 protein, the mutants showed little or no
deficit in their ability to stabilize SPTLC2 protein expression
confirming that they are expressed as normally folded proteins
capable of binding and stabilizing SPTLC2 (supplemental Fig.
3C). In aggregate, these results indicate Par3 can interact with
the SPTLC1/2 holoenzyme at physiologic expression levels in
the liver and that the association of Par3with the holoenzyme is
mediated by its ability to bind the SPTLC1 PDZ motif.
Par3 Modulates THP-1 Monocyte SPT Activity and Ceram-

ide Levels—Given that Par3 interacted with the SPTLC1/2
holoenzyme, we sought to test whether Par3 could influence
SPT activity. As in the liver, SPTLC1 is also expressed in cells of
themonocyte-macrophage lineage, a cell type whosemigration
to the subendothelial space of inflamed coronary arteries plays
a key role in the development of atherosclerosis (37).Moreover,
because both Par3 and sphingolipids have been implicated in
polarized cell behavior, we tested whether Par3 was expressed
in the monocyte-macrophage cell lineage and, if so, whether
Par3 influenced SPTLC1 expression and function. To address

this possibility we probed for Par3 expression in human THP-1
monocyte-macrophages and found these cells do express Par3
protein as undifferentiated monocytes, as well as when differ-
entiated to the adherentmacrophage phenotype induced by the
phorbol ester phorbol 12-myristate 13-acetate (Fig. 4A and sup-
plemental Fig. 4A). Likewise, primary mouse bone marrow
macrophages also were found to express Par3 and immunopre-
cipitation of the SPT holoenzyme using either SPTLC1 or
SPTLC2 antibodies co-precipitated by Par3 (supplemental Fig.
4B). These results indicate Par3 is expressed in cells of the
monocyte-macrophage lineage and can associate with the SPT
holoenyzme.
To test whether Par3 influences SPTLC1 function, lentiviral

vectors were used to introduce shRNAs into THP-1 cells that
suppress Par3 mRNA expression. Compared with THP-1
monocytes infected with a control lentivirus expressing an
shRNA targeting GFP, cells expressing shRNAs targeting Par3
mRNA showed a pronounced decrease in Par3 protein expres-
sion (Fig. 4A, top panel). Similarly, in cells expressing an shRNA
targeting SPTLC1, protein levels of SPTLC1 were markedly
depleted (Fig. 4A, 2nd panel). Probing this blot for SPTLC2
showed lower SPTLC2 protein levels in the lysate from cells
expressing the SPTLC1 shRNA, as well as in the lysates from
cells expressing the F12 Par3 shRNA (Fig. 4A, 3rd panel). How-
ever, after normalization to �-actin in a series of blots, it was
found that loss of Par3 did not have a significant impact on
expression levels of either SPTLC1 or SPTLC2 (supplemental
Fig. 4C). Likewise, knockdown of SPTLC1 did not significantly
alter Par3 protein levels, but it did reduce levels of SPTLC2 as
has been previously reported (supplemental Fig. 4C). These
results indicate Par3 expression is not critical for maintaining
SPTLC1 protein stability and suggest the poor expression
observed for the SPTLC1-�3 and AAA mutants is likely not
accounted for by an inability to bind Par3 in 293HEK cells.
Having established THP-1 cells that stably suppress Par3 or

SPTLC1 protein expression, we next quantitated levels of SPT
activity in lysates from these cells. Compared with lysates from
the cells expressing the GFP shRNA, lysates from cells express-
ing shRNAs against Par3 or SPTLC1 had significant reductions
in SPT activity of 	40 and 50%, respectively (Fig. 4B). This was

FIGURE 3. Par3 interacts with the SPTLC1/2 holoenyzme through an interaction with the SPTLC1 PDZ motif. Myc-tagged SPTLC2 was co-transfected into
293-EBNA-T cells alone or in the presence of HA-Par3 and the indicated FLAG-SPTLC1 constructs. SPTLC2 was immunoprecipitated (IP) with an anti-Myc
antibody, and the amount of Par3, SPTLC1, and SPTLC2 that precipitated was determined by immunoblotting (IB) (left panels), and immunoblotting the input
protein lysates shows the total amount of Par3, SPTLC1, and SPTLC2 that was expressed in the cells (right panels).
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an intermediate level of inhibition compared with that induced
by treating the cells with the SPT inhibitor myriocin (10 �M),
which inhibited activity by 	90%. To rule out that the loss of
SPT activity in the Par3 or SPTLC1 lysates was due to a general
inhibitory effect on cell viability or metabolism, we measured
the ATP levels in the cell lines and their ability to metabolize
tetrazolium salts as a measure of mitochondrial function, and
we found no significant differences in these parameters (sup-
plemental Fig. 4D). Additionally, because our results suggest
Par3 binding to SPTLC1may act to recruit the SPTholoenzyme
to Par3-associated microdomains, we further tested whether
such an effect may alter the amount of SPTLC1 that partitions
into themicrosomalmembranes derived fromPar3-suppressed
THP-1 cells and thus could explain the loss of SPT activity seen
in these lysates, but this was not found to be the case because
SPT activity when normalized to SPTLC1 contained in the
microsomal fraction was still found to be significantly reduced
(supplemental Fig. 5A).

Having confirmed all the cell lines were equally viable, we
next used [14C]serine to assesswhether Par3modulatedde novo
synthesis of sphingolipids that are generated by SPTLC1 and
SPT activity. Here THP-1 cells expressing the Par3 or SPTLC1
shRNAs were compared with either uninfected THP-1 cells or
THP-1 cells expressing the shRNA targeting GFP. Equal num-
bers of cells (5� 106) were incubated inmedia containing 5�Ci
of [14C]serine, and to control for lipids whose synthesis
dependeduponSPTactivity additional cells expressing theGFP
shRNAwere preincubated for 2 hwith 10�Mmyriocin to block
SPT activity. Then after 24 h of additional incubation at 37 °C,
[14C]serine-labeled lipids were extracted from the cells with
chloroform/methanol and separated on TLC plates along with
purified standards for ceramide, sphingomyelin, and phos-
phatidylserine. Phosphorimages of labeled ceramide, sphingo-
myelin, and phosphatidylserine are shown in Fig. 4C. As was

found in the cell-free assays, knockdown of either SPTLC1 or
Par3 reduced the de novo synthesis of ceramide and sphingo-
myelin but had little effect on the level of incorporation of
[14C]serine into phosphatidylserine. Like the effect of the
SPTLC1 and Par3 siRNAs, myriocin treatment of the control
cells expressing theGFP siRNA strongly reduced incorporation
of [14C]serine into ceramide and sphingomyelin but not phos-
phatidylserine (Fig. 4C, right panels). Quantification of the Par3
siRNA effect showed a significant 30 and 40% decrease in the de
novo synthesis of sphingomyelin and ceramide, respectively
(supplemental Fig. 5B). Thus, as analyzed by both cell-free
assays for SPT activity and by [14C]serine labeling of de novo
synthesized sphingolipids, loss of Par3 expression in THP-1
cells inhibited the activity of the SPTLC1/2 holoenzyme.
Par3 and SPTLC1 Are Required for MCP-1-induced Chemo-

taxis of THP-1 Monocytes—Given that Par3 modulated THP-1
monocyte SPT activity and sphingolipid synthesis, we further
tested if Par3 and SPTLC1 may influence the migratory behav-
ior of these cells. Because Par3 has recently been shown to be
required for polarized migration of keratinocytes and because
inhibition of SPT activity has also been shown to inhibit neuro-
nal cell migration (25, 36), we speculated that Par3 and SPTLC1
could play a role in the ability of monocytes to migrate toward
an inflammatory signal. To explore this possibility we tested
whether loss of either Par3 or SPTLC1 expression in THP-1
monocytes inhibited the ability of these cells to migrate toward
a gradient of MCP-1 using the Boyden chamber assay. Com-
pared with control cells expressing the shRNA directed against
GFP, cells expressing either shRNAs targeting Par3 or SPTLC1
had a significant 50% reduction in their ability to migrate in
response to theMCP-1 signal (Fig. 5A). As indicated above this
inhibition of migration was not accounted for by a difference in
viability as determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazoliumbromide assays and bymeasurement ofATP

FIGURE 4. shRNA suppression of Par3 in human THP-1 monocytes inhibits serine palmitoyltransferase activity. A, THP-1 monocytes express Par3,
SPTLC1, and SPTLC2 as determined by immunoblotting, and lentivirus-mediated expression of shRNAs targeting Par3 (G1 and F12) or SPTLC1 specifically
repress Par3 and SPTLC1 protein expression, respectively. B, lentivirus delivered shRNAs targeting Par3, and SPTLC1 inhibits SPT activity by 	40% in THP-1
monocytes as determined by measuring the condensation of [14C]serine and palmitoyl-CoA catalyzed by microsomal cell membrane lysates. Pretreatment of
the SPTLC1-targeted lysate with the SPT inhibitor myriocin further inhibited activity to 90% (B2 � myriocin, n 
 3, �S.D., *, p � 0.05). C, de novo synthesis of
ceramide (Cer) and sphingomyelin (SM) is reduced in cells expressing shRNAs targeting Par3 or SPTLC1 expression as compared with uninfected control cells,
or cells expressing a lentivirus-delivered shRNA targeting GFP. As with the Par3- and SPTLC1-targeted cells, myriocin treatment of the control GFP-targeted
cells reduced incorporation of [14C]serine into ceramide (Cer) and sphingomyelin (SM) but not phosphatidylserine (PS). Cells were incubated with [14C]serine (5
�Ci) for 24 h at 37 °C, and cellular lipids were isolated by chloroform/methanol extraction and separated on TLC plates along with purified standards for
ceramide, sphingomyelin, and phosphatidylserine. Labeled lipids remaining at the plate origin was similar demonstrating equal loading of the samples (results
representative of two or more independent experiments, and quantification of labeled ceramide and sphingomyelin is shown in supplemental Fig. 5B).
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production in these cells (supplemental Fig. 4D). Furthermore,
the defect imparted by loss of Par3 or SPTLC1 was specific for
the polarized response to MCP1 because the number of cells
that randomly migrated into the lower chamber in the absence
of the chemokine was similar for all the cell lines (supplemental
Fig. 5C). To test whether the defect in MCP-1-induced migra-
tion seen in the cells with suppressed Par3 expression was act-
ing through a mechanism that involved the ability of Par3 to
modulate SPT activity, control and Par3 knockdown cells were
first pretreated for 24 h with vehicle ormyriocin to inhibit SPT.
Then the ability of the cells to migrate in response to MCP-1
was again tested. As before, the MCP-1-induced migration of
the cells expressing the Par3 shRNA was reduced by over 60%

compared with the control cells
expressing the GFP shRNA (Fig.
5B). Additionally, pretreatment of
the control GFP shRNA-expressing
cells with myriocin inhibited MCP-
1-induced migration by 	40%, but
myriocin pretreatment did not fur-
ther affect the residual MCP-1-in-
duced migration of cells with sup-
pressed Par3 expression (Fig. 5B).
This result suggested the ability of
myriocin to modulate migration in
response to MCP-1 was acting
through a mechanism that depends
upon the expression of Par3.
Because the cells with suppressed
Par3 expression were found to have
a defect in the de novo synthesis of
ceramide, and because ceramide has
previously been reported to be

important in the induction of neuronal cell migration (36), we
testedwhether supplying exogenous ceramide to cellswith sup-
pressed Par3 expression improved their response to MCP-1.
This was found to be the case in that ceramide treatment of
Par3-suppressed cells significantly improved their migratory
response to MCP-1 (Fig. 5C). In composite, these data indicate
Par3 modulated THP-1 migration through a mechanism that
depended upon SPT activity and likely the de novo synthesis of
ceramide. However, because ceramide treatment did not com-
pletely restore the migration defect of the Par3-suppressed
cells, it is possible that the synthesis of sphingomyelin or other
bioactive lipids may also be involved.
To explore whether THP-1monocytes more broadly require

Par3 and SPTLC1 to respond to inflammatory stimuli, we
measured the ability of the Par3- and SPTLC1 shRNA-sup-
pressed cells to respond to Fractalkine and fMLP. Fractalkine is
a CX3C chemokine, a class distinct from MCP-1, but like
MCP-1 Fractalkine is also important for recruiting monocytes
to sites of vascular inflammation and has also been found to be
pro-atherosclerotic (38, 39). fMLP is a formylated tripeptide
released by bacteria at sites of infection that, like MCP-1 and
Fractalkine, induces chemotaxis by signaling through G-pro-
tein-coupled receptors (40). As with MCP-1, the response of
the cells with suppressed Par3 or SPTLC1 expression showed
significant deficits in their ability to migrate toward a gradient
of Fractalkine or fMLP-1, although the response of SPTLC1-
targeted cells toward fMLP-1 was found to be more variable
(Fig. 6, A and B). In composite, our results indicate Par3 and
SPTLC1 are broadly required for the ability of THP-1 mono-
cytes to respond to a number of inflammatory signals.

DISCUSSION

Here we have identified a protein-protein interaction
between SPTLC1 and Par3, a PDZ protein. In mammals the
SPTLC1 C terminus has been conserved as a type II PDZ-bind-
ing motif, and our array screen showed a C-terminal SPTLC1
peptide bound the third PDZ domain of Par3. Overlay assays
confirmed the 150-kDa isoform of Par3 interacts with the

FIGURE 5. shRNA suppression of Par3 and SPTLC1 inhibits polarized migration of THP-1 cells in response
to monocyte chemoattractant protein 1. A, THP-1 monocytes expressing shRNAs against Par3 or SPTLC1
have an 	50% reduction in their ability to migrate toward a gradient of MCP-1 (10 nM) compared with control
cells expressing an shRNA targeting GFP as determined by Boyden chamber assays. B, myriocin pretreatment
of control cells expressing the GFP shRNA reduces their MCP-1-induced migration by 44% but does affect the
residual MCP-1-induced migration of THP-1 monocytes with suppressed Par3 expression. C, ceramide pretreat-
ment of Par3-suppressed THP-1 monocytes significantly improves their MCP-1-induced migration defect (n 

3, � S.D., *, p � 0.05 versus shGFP untreated; #, p � 0.05 versus shPar3 untreated; results representative of two
or more independent experiments).

FIGURE 6. Loss of Par3 or SPTLC1 expression inhibits THP-1 chemotaxis
induced by structurally diverse chemokines including Fractalkine and
the fMLP bacterially formylated tripeptide. A, Fractalkine (10 nM)-induced
migration of THP-1 cells expressing shRNAs against Par3 or SPTLC1 is reduced
by 	80% compared with control cells expressing an shRNA targeting GFP.
B, fMLP (10 nM)-induced migration of THP-1 cells expressing shRNAs against
SPTLC1 or Par3 is reduced 	60 and 80%, respectively, as compared with the
control GFP shRNA cells (n 
 3, �S.D., *, p � 0.05; results are representative of
two or more independent experiments).
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SPTLC1C terminus and that this binding required the SPTLC1
PDZ motif. Immunoprecipitation assays show Par3 is able to
form a complex with the SPTLC1/2 holoenzyme by binding the
SPTLC1 PDZ motif, and we found Par3 interacted with the
holoenzyme at endogenous expression levels in the liver and in
primarymacrophages. Par3 is expressed in both human THP-1
monocytes and macrophages, and shRNA suppression of Par3
in THP-1 monocytes was found to inhibit holoenzyme serine
palmitoyltransferase activity and de novo sphingolipid synthe-
sis. Par3 or SPTLC1 shRNA suppression also significantly
impaired polarized THP-1 monocyte migration in response to
gradients of inflammatory chemokines but did not alter cell
viability or randommigration. Likewise, pharmacologic inhibi-
tion of the SPTholoenzymemodulatedMCP-1-inducedmigra-
tion through a mechanism that depended upon Par3 expres-
sion, and ceramide treatment significantly improved the Par3
defect inmigration. These results have uncovered a novel phys-
ical and functional link between SPTLC1 and Par3 that is asso-
ciated with increased SPT activity and polarized migration
toward an inflammatory signal.
Our work provides new insight into the role that Par3 pro-

tein-protein interactions play in controlling polarized migra-
tion toward a chemotactic signal. Recently, the migration of
keratinocytes induced by epidermal growth factor has also been
shown to depend upon Par3 (25). As for the more established
role of Par3 in mediating tight junction formation that delin-
eates apical/basolateral polarity of epidermal tissues, this regu-
lation of keratinocyte migration is characterized by the Par3
recruitment of atypical PKC to membrane microdomains.
Atypical PKC recruitment is of interest because migration of
neuronal precursor cells and establishment of polarity in the
primitive ectoderm have also been found to depend on de novo
synthesis of ceramide and the recruitment of atypical PKC to
ceramide-rich membrane microdomains (35, 36). Our work
extends these observations by showing Par3 and SPTLC1mod-
ulate themigratory response of cells of themonocyte lineage to
gradients of inflammatory chemokines. In addition to MCP-1,
we found the ability of THP-1 monocytes to respond to other
chemokines, including Fractalkine and fMLP, also had a
dependence upon Par3 and SPTLC1. Because the Par3 polarity
complex has recently been shown to be required for T-cell
polarization and migration toward stromal cell-derived fac-
tor-1� (21), another chemokine that triggers G-protein-cou-
pled signaling, these and our observations indicate Par3 plays a
broad role in mediating chemokine-induced polarized migra-
tion of immune cells. Assuming SPTLC1 also plays a similarly
broad role in mediating the migratory responses to inflamma-
tory signals, our results may provide mechanistic explanation
for studies that have associated the ability of the SPT inhibitor
myriocin to reduce atherosclerosis in ApoE�/� mice with an
ability to reduce the macrophage content of their atheroscle-
rotic lesions (41).
What is the relationship between the binding of Par3 and

SPTLC1 and the ability of Par3 to stimulate SPT activity and
monocyte migration? Although deleting or mutating the
SPTLC1 C-terminal PDZmotif to alanines was found to desta-
bilize SPTLC1 protein expression, more subtle substitutions of
this motif that disrupted the ability of Par3 to bind SPTLC1 did

not have a strong effect on the stability of SPTLC1. This sug-
gests the binding of SPTLC1 by Par3 does not play a critical role
in stabilizing SPTLC1 protein expression, a result further con-
firmed by SPTLC1 protein levels not being significantly altered
in THP-1 cells expressing Par3 targeted shRNAs. SPTLC2
expression in the Par3-suppressed cells was also similar to that
of control cells, and it was found that the mutation of the
SPTLC1 PDZ motif did not prevent the SPTLC1 binding and
stabilization of SPTLC2. Because a third SPT subunit has been
identified, it is possible that Par3 could modulate the interac-
tion of SPTLC1 with this subunit (8). However, this seems
unlikely to explain the ability of Par3 to modulate SPT activity
inTHP-1monocytes becausewewere unable to detect SPTLC3
expression in these cells.3 In aggregate, our results indicate the
SPTLC1 PDZmotif and Par3 binding of this motif do not play a
critical role in the ability of SPTLC1 to bind and stabilize
SPTLC2.
Because Par3 modulated SPT activity but did not alter the

protein levels of SPTLC1 and -2, and because Par3 is known to
recruit and activate atypical PKC, it is possible that Par3may be
modulating the phosphorylation status of the SPT holoenzyme.
This possibility is intriguing because a number a reports have
suggested SPT activity is regulated at the post-translational
level (19, 42, 43), and analysis of SPTLC1 and -2 orthologs indi-
cate both have well conserved potential phosphorylation sites.
Additionally, the migration of SPTLC2 on two-dimensional
gels is altered by phosphatase treatment suggesting it is indeed
a phosphoprotein.4 In such a model the Par 3 binding of the
SPTLC1 PDZmotif may be a mechanism to alter the phospho-
rylation status of the SPT holoenzyme as a means to modulate
the de novo synthesis of sphingolipids, possibly in response to
an inflammatory stimulus. Whether this could occur in polar-
ized microdomains organized by Par3 remains to be clarified,
and our co-expression studies suggest this may be the case
when, expressed in the presence of Par3, SPTLC1 was found to
co-localize with Par3 in the cell periphery near sites of cell-cell
contact and in cellular protrusions.4 These results suggest Par3
may be able to dynamically alter the distribution of SPTLC1
and give insight into a recent report by Wei et al. (44) that
suggests SPTLC1 can associate with focal adhesion complexes
in the cell periphery. In summary, we have identified a protein
interaction between Par3 and SPTLC1 that is associated with
increased serine palmitoyltransferase activity and migration of
THP-1 monocytes toward a number of inflammatory chemo-
kines. Although the mechanism of this association needs to be
clarified, the results lend additional support for a model in
which SPTLC1 acts as a regulator of SPT activity by interacting
with Par3 and other proteins such as ABCA1 to couple signals
that integrate cellular demand for the de novo synthesis of
sphingolipids with the biogenesis of membrane lipid domains
(20). Further investigation of this hypothesis is warranted, par-
ticularly because additional small subunits of the SPT holoen-
zyme have been recently identified by Han et al. (45) that alter
acyl-CoA substrate specificity and appear to be required for
maximal enzyme activity.

3 N. Tamehiro and M. L. Fitzgerald, unpublished observations.
4 T. Hornemann unpublished observations.
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