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that lipin 1a, which is mostly nuclear, may potentially
act as a transcriptional regulator during peripheral nerve
maturation, as previously shown in hepatic cells (Peterfy
et al. 2005; Finck et al. 2006).

Role of phosphatidic acid in Schwann cell fate
determination

We found that PAP1 inactivation leads to a previously
ignored accumulation of its substrate, PA, in endoneu-
rium of Lpin1/4/fd oy MPZCre/*|Lp/E?-3//F2-3 P56 mice,
while the concentration of its precursor LPA was not
increased. This is of interest because although the role of
LPA in SC survival and morphology was previously de-
scribed (Weiner and Chun 1999; Weiner et al. 2001), the
role of PA remains unknown. Our observation that ei-
ther the presence of exogenous PA or propranolol-medi-
ated intracellular accumulation of PA inhibited both
DRG explant myelination and Schwann cells’ Mpz ex-
pression indicates that PA directly affects SCs and is
therefore involved in the demyelination observed in the
Lpinl mutant mice.

Although the exact mechanism of PA action on SCs
remains to be clarified, our data clearly demonstrate that
the MEK-Erk pathway is involved. In vivo, in Lpinl mu-
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Figure 7. PA interferes with Schwann cell myelina-
tion. (A, panels i,ii) DRG explants were cultured for 3
wk in medium containing 50 pg/mL (of ascorbic acid
(AA), to induce myelination, and in the presence or ab-
sence of 50 pM of PA. The myelination level was evalu-
ated by immunohistochemical staining with Mpz anti-
body (in green). Cell nuclei were stained with DAPL
(Panel iii) The number of myelinated segments in
DRGs cultured in the presence of increasing concentra-
tions of PA were counted; (NC) negative control grown
in the absence of AA and PA. Standard deviations were
calculated from triplicate experiments. (Panel iv) West-
ern blot evaluation of the amount of Mpz expression in
DRG explants cultured in presence of AA and increas-
ing amounts of PA. Western blotting against B-actin
was used to control for equal protein loading. (B) West-
ern blot measurement of Mpz expression in rat primary
SCs induced to express myelin markers by 4 uM for-
skolin, grown for, respectively, 1, 2, or 3 d in the pres-
ence or absence of 100 pM PA. Western blotting against
tubulin was done to determine equal protein loading.

tant mice, we observed that the increase in endoneurial
PA concentration due to PAPI inactivation led to the
activation of the MEK-Erk pathway that was detectable
at P10 and thereby concomitant with the observed onset
of neuropathy. In the DRG explants cultured in the pres-
ence of exogenous PA, the process of demyelination
could be rescued by inhibitors of the MEK-Erk pathway,
PD98059 and U0126, further implicating this pathway in
the observed action of PA. Finally, in cultured SCs, the
increase in extracellular PA concentration also led to
MEK-Erk pathway activation, to induction of immature
SC markers expression (Krox-24, Scip), and to reduction
in levels of Mpz protein (marker of differentiated SCs),
thus reproducing the in vivo observations in Lpinl mu-
tant mice.

The central role of the MEK-Erk pathway in the ob-
served SC demyelination is supported by recent evidence
that this pathway can drive Schwann cell dedifferentia-
tion (Harrisingh et al. 2004) and that Erk signaling me-
diates demyelination following nerve injury (Sheu et al.
2000; Harrisingh et al. 2004) or Mycobacterium leprae
infection (Tapinos et al. 2006). Interestingly, PA-medi-
ated translocation of Raf-1 from cytosol to plasma mem-
brane, where it can interact with Ras, could be the trig-
ger for the observed activation of the MEK-Erk pathway,
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Figure 8. Characterization of intracellular signaling pathways affected by PA in Schwann cells. (A) The mouse SC line (MSC80) and
mouse primary SCs (MPSC) from P4 wild-type sciatic nerve were treated for 1 h with 100 uM PA in the presence or absence of
MEK-Erk pathway (20 pM PD98059) or PI3K-Akt pathway (10 nM LY294002) inhibitors. Activation of Erk1/2 and Akt was evaluated
by specific antibodies recognizing their phosphorylated forms (p-Erk1/2 and p-Akt). (B) Quantitative PCR evaluation of Krox-24 and
Scip (immature SC markers) and of p35 (downstream target of p-Erk1/2 signaling) expression in MPSC cells grown in the presence or
absence of 100 pM PA (data are represented as fold increase above control levels). Standard deviations were calculated from triplicate
experiments. (C) MSC80 cells were treated for 1 h with increasing concentrations (0-100 uM) of PA. Activation of MEK and Erk1/2
was evaluated by specific antibodies recognizing their phosphorylated forms (p-MEK and p-Erk1/2). (D) Western blot analysis of
samples from complete sciatic nerve at P4 and P10 and of the endoneurium fraction of P56 sciatic nerve from control (Lp*/'¥ and
MPZ**[Lp™®2-3/E2-3) and mutant mice (Lp™¥"¥ and MPZCre/*/Lp/2-3//E2-3) In addition to the antibodies used in A, levels of Krox-24,
p35, and Krox-20 (marker of myelinating SCs) were evaluated. Western blotting against tubulin was done in A, C, and D to determine
equal protein loading.

bypassing the necessity of signaling through a cell sur- the previous measurements (Langner et al. 1991). This
face receptor (Rizzo et al. 1999; Andresen et al. 2002). may partially reflect the fact that the overall concentra-
The gene expression changes detected in mutant nerves tion of TAG in nerve is relatively low (Yao 1985). The
may be conveyed by MEK-Erk-regulated transcription previously reported reduction of DAG in yeast missing
factors CREB and Elk-1 that recognize CRE and SRE lipin 1 function (Han et al. 2006) and measured decrease
sites, respectively. These sequence motifs are present in in the concentration of phosphatidylethanolamine and
5’ regions of several immediate-early response genes, in- phosphatidylserine (synthesized from DAG) in nerves of
cluding Krox-24 (Bozon et al. 2003). The observed Lpin1/9/f14 (Langner et al. 1991), however, suggest that
changes in Krox-24 (marker of immature SCs) and Krox- phospholipid biosynthesis may also be affected in mu-
20 (marker of myelinating SCs) expression suggest that tant endoneurium, potentially contributing to the devel-
the PA-activated MEK-Erk pathway may affect the bal- opment of neuropathy in the mutant nerve.

ance between these two transcription factors and thus
participates, especially in pathological situations, in the
choice between myelinating and non-myelinating

Schwann cell phenotypes (Topilko et al. 1997; Cavaletti Lpinl mutant mice as a model of lipid

metabolism-related conditions affecting peripheral

et al. 2007).

Inactivation of PAP1 function may also lead to a de- nerve
crease in the amount of DAG and TAG that are down- Our observation that Schwann cell in situ lipid homeo-
stream from its action. However, we were unable to de- stasis plays a crucial role in myelin synthesis and main-
tect any significant changes in TAG concentration in tenance may provide insight into the lipid metabolism
endoneurium from P56 Lpinl mutant mice, confirming affecting conditions associated with peripheral neuropa-
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Figure 9. Activation of the MEK-Erk pathway contributes to PA-mediated demyelination. (A) Western blot measurement of Mpz
expression in rat primary SCs induced to express myelin markers by 4 nM forskolin, grown for 24 h in the presence or absence of 20
BM PA and the MEK-Erk pathway inhibitor (20 pM PD98059). (B) Western blot measurement of Mpz expression in rat primary SCs
induced to express myelin markers by 4 pM forskolin, grown for 24 or 48 h in the presence or absence of 20 uM phosphatidate
phosphatase 1 inhibitor propranolol. (C) Quantitative PCR evaluation of Mpz expression in rat primary SCs induced to express myelin
markers by 4 uM forskolin, grown for 24 or 48 h in the presence or absence of 20 pM propranolol. Data are represented as fold increase
above control level at 24 h. Standard deviations were calculated from triplicate experiments. (D) DRG explants were cultured for 3 wk
in medium containing 50 pg/mL of ascorbic acid (AA), to induce myelination. The explants were then cultured for an additional week
in the presence of 50 pg/mL ascorbic acid (AA, panel i); in the presence of 50 pg/mL ascorbic acid and 50 uM PA (AA + PA, panel ii);
in the presence of 50 png/mL ascorbic acid, 50 uM PA, and 50 pM PD98059 (AA + PA + PD, panel iii); in the presence of 50 ng/mL
ascorbic acid, 50 uM PA, and 30 uM U0126 (AA + PA + U0126, panel iv) and in the presence of 50 pg/mL ascorbic acid and 20 pM
propranolol (AA + PP, panel v). The level of myelination was evaluated by immunohistochemical staining with Mpz antibody (in
green). Cell nuclei were stained with DAPL (Panel vi) The number of myelinated segments in DRGs cultured under conditions
described in panels i-v were counted. Standard deviations were calculated from triplicate experiments. (E) Western blot measurement
of Mpz expression in DRG explants cultured under conditions described in D. (A,B,E) Western blotting against tubulin was done to
determine equal protein loading. (A,B,E) The relative amount represents intensity of the Mpz band after correction for loading
difference by measuring the amount of tubulin.

thy. Diabetic peripheral neuropathy (DPN) is the most In conclusion, our analysis of Lpin1 mutant mice dem-
common complication of diabetes mellitus, affecting onstrated that disturbed lipid homeostasis within
~30% of diabetic patients (Sima 2003). Reduced levels of Schwann cells interferes with normal myelination and
Lpinl expression in WAT and liver of insulin-resistant leads to peripheral neuropathy. Surprisingly, we discov-
human subjects were previously reported (Yao-Borengas- ered that phosphatidic acid plays a key role in the ob-
ser et al. 2006; Croce et al. 2007), suggesting that possible served Schwann cell dedifferentiation. These data con-
variation in Schwann cell Lpinl expression may play a firm our hypothesis that local regulation of lipid metabo-
role in DPN. Also, peripheral neuropathy and lipodys- lism in peripheral nerve plays a crucial role in its
trophy are major complications in HIV patients under- function (Verheijen et al. 2003) and provide important
going antiretroviral therapy (Keswani et al. 2002). It was insight into possible pathological consequences of dis-
found that Lpin1 expression is reduced in adipose tissue eases affecting lipid metabolism in Schwann cells.

of these patients (Lindegaard et al. 2007). If Lpin1 expres- .

sion is affected in SCs of these patients as well, this may Materials and methods

explain the mechanisms underling the peripheral neu- Animals

ropathy observed in these patients. We are currently BALB/cByJ-Lpin¥* mice were obtained from the Jackson Labo-
evaluating both of these hypotheses. ratory. Throughout the text, mice of the Lpin1#/1d and MPZC/*|
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Lp'®2-3/fE2:3 genotypes are referred to as “Lpinl mutants.” Mice
of Lpin11%+, Lpin1*/*, MPZ*/*|Lp/F2-3/ff2-3 MpZ*/+|Lp/F?-3/+, and
MPZCrel* |LpE2-3/* genotypes are all referred to as “wild-type.”
Experiments were performed in accordance with the legal re-
quirements of the University of Lausanne and the Canton of
Vaud (Switzerland).

Generation of mice with the floxed Lpinl gene

We screened the RPCI-22 mouse genomic BAC library filters
containing mouse genomic DNA from the 129S6/SvEvTac
mouse strain, which is isogenic with the ES cells used further
(filters were obtained from BACPAC Resources; http://bacpac.
chori.org/mouse22.htm) and isolated clones containing exons 2
and 3 of the Lpinl gene. A recombineering-based approach was
used to perform the subsequent cloning steps that eliminates
the necessity of specific restriction enzyme sites since it uses
homologous recombination (Liu et al. 2003). Using this ap-
proach, the targeting vector in which there is a IoxP site just in
front of exon 2 and an FRT-neo-FRT-loxP cassette just after
exon 3 was prepared (Fig. 3A). The linearized targeting construct
was electroporated into the ES cells, which were then grown in
medium containing G418. Clones positive for homologous re-
combination were selected by Southern blotting and used for
blastocyst injection and subsequent development of mice with
the targeted allele (Lpin1/F%-®) (Fig. 3B). In order to generate mice
with the Lpinl gene selectively inactivated only in Schwann
cells, the Lpin1/F2-3/£2-3 mice were mated with mP,TOTA(Cre)
transgenic mice (Feltri et al. 1999). The double heterozygous
mice (MPZC™/*|Lp#?-3*) were mated with homozygous
Lpin1E2-3//E2-3 mice, leading to the generation of conditional
knockout mice (MPZC"®/*/Lp/F2-3//E2-3) The LpCond F and Lp-
Cond R primers were used for genotyping of generated mice,
amplifying a 780-bp product from the Lpin1/F%? allele and a
740-bp product from the Lpini* allele. The PO-CreF and PO-
CreR primer set amplifying the 492-bp PCR product was used
for the detection of the MPZC" allele. The combination of prim-
ers F1, F2, and R1 (Fig. 3B) was used to detect the Lpin14£%3
allele with deleted exons 2 and 3. Detailed PCR conditions will
be available upon request. All primer sequences are in Supple-
mental Table 1.

Sciatic motor nerve conduction velocity (MNCV)

The P56 animals were anesthetized with 10 pL per gram of
mouse body weight of the mixture of Ketanarkon 100 (diluted
10x; Streuli) with Rompun (diluted 20x; Bayer) in PBS. The left
and right sciatic nerves were stimulated at the sciatic notch and
distally at the ankle via bipolar electrodes with supramaximal
square-wave pulses (5 V) of 0.05 msec. The latencies of the
compound muscle action potentials were recorded by a bipolar
electrode inserted between digits 2 and 3 of the hind paw and
measured from the stimulus artifact to the onset of the negative
M-wave deflection. MNCV was calculated by subtracting the
distal latency from the proximal latency, and the result was
divided by the distance between the stimulating and recording
electrodes.

Microdissection of sciatic nerve

Sciatic nerves from adult (P56) mice were placed in ice-cold PBS
(pH 7.4). The perineurium and epineurium were gently dis-
sected away from the endoneurium along the whole length of
the nerve as previously described (Verheijen et al. 2003).

Western blotting

Cells or tissues were lysed in ice-cold lysis buffer (20 mM
Na,H,PO,, 250 mM NaCl, Triton X-100 1%, SDS 0.1%) supple-
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mented with Complete protease inhibitors (Roche). Protein lev-
els were quantified using the Bio-Rad protein assay with BSA as
a standard. Equal amounts of protein extracts were resolved by
10% SDS-PAGE and electro-transferred onto a polyvinylidene
difluoride (PVDF) membrane (Amersham Biosciences). Blots
were blocked in tris-buffered saline containing 0.1% Tween
(TBS-T) supplemented with 4% milk powder and subsequently
incubated overnight at 4°C in the same buffer supplemented
with antibodies against Akt, phospho-Akt (Ser473), MEK1/2,
phospho-MEK1/2 (Ser221), p44/42 MAP kinase, phospho-p44/
42 MAPK (Thr202/Tyr204), tubulin (all from Cell Signaling),
Krox-20 (Egr-2, Covance), Oct-6/Scip and Krox-24/Egr-1 (Ab-
cam), p35 (Santa Cruz Biotechnologies), Myelin protein zero
(Mpz) (provided by J.J. Archelos), § actin (Sigma), and Lipinlp
(generated in this study). After washing in TBS-T, blots were
exposed to the appropriate horseradish peroxidase-conjugated
secondary antibodies (Dako) in TBS-T for 1 h at room tempera-
ture. Finally, blots were developed using the ECL reagents
(Pierce) and Kodak Scientific Imaging Films (Kodak).

Quantitative RT-PCR

For all analyses, total RNA from complete sciatic nerve, from
endoneurium and from peri-epineurium was isolated using the
Qiagen RNeasy lipid tissue kit (Qiagen) following the manufac-
turer’s instructions. Total RNA from liver, MSC80, mouse, and
rat primary Schwann cells was isolated in TRIzol (Invitrogen)
reagent and purified with the RNeasy kit (Qiagen). RNA quality
was verified by agarose gel and/or by Qiaxcel capillary electro-
phoresis device (Qiagen), and the concentration was determined
by a ND-1000 Spectrophotometer (NanoDrop). Total RNA
(250-500 ng) was subjected to reverse transcription using the
SuperScript III First-Strand Synthesis System for RT-PCR (In-
vitrogen) following the manufacturer’s instructions. The result-
ing cDNA was used as a template for quantitative PCR (Q-PCR)
as described previously (de Preux et al. 2007). Results were nor-
malized using the reference genes cyclophilin or ubiquitin. See
Supplemental Table 1 for a complete list of oligonucleotides
used for Q-PCR.

Immunohistochemistry

Unless specifically stated, for all histological analyses, we used
mice that were perfused with 4% paraformaldehyde (PFA) in
PBS for 10 min. The sciatic nerves were dissected and embedded
in OCT medium (Sakura) and longitudinal or cross-sections
were prepared. Prior to specific staining, the slides were post-
fixed in 4% PFA for 10 min.

For immunohistochemistry, slides were briefly (30 sec)
washed in PBS and blocked for 1 h using 5% normal goat serum
(DAKO) and 0.3% Triton X-100 (Merck) in PBS (PBS-T). Slides
were incubated overnight at 4°C with primary antibodies di-
luted in PBS-T. The following primary antibodies were used:
anti-Lipin 1B (rabbit, 1:200; generated in this study), Oct-6/Scip
IgG (goat, 1:200; Abcam), Krox-20 IgG (rabbit, 1:100; Covance),
MBP IgG (rat, 1:100; Chemicon), and F4/80 IgG (rat, 1:1000;
Serotec). The slides were than washed in PBS-T and hybridized
with the appropriate secondary fluorescent antibodies (Alexa
Fluor 594 or 488 conjugated anti-rabbit, mouse, and goat; all at
a dilution of 1:200; Invitrogen) for 2 h at room temperature.
Slides were washed in PBS-T and mounted with Vectashield
mounting medium containing DAPI to counterstain cell nuclei
(Vector Laboratories). Sections were visualized using a Zeiss
Axioplan 2 microscope with an AxioCam MRc camera and
AxioVision release 4.5 software (Zeiss).
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Lipin 1B antibody

A rabbit anti-lipin 1B antibody was generated with a peptide
(SLVDCQRTPPHLAEGYV) specific for the mouse lipin 1 iso-
form (Eurogentec) and used at 1:1000 dilution for Western blot
and 1:200 for immunohistochemistry.

Oil-red-O staining

A fresh working solution of Oil-red-O (Sigma) was prepared by
dilution of the Oil-red-O stock solution (5 g/L in 98% isopro-
panol) in distilled water at a ratio of 3:2. The working solution
was allowed to stand for 10 min after mixing and was filtered
with a 0.45-um pore-size filter. Subsequently, sciatic nerve
cross-sections were briefly (30 sec) washed in PBS, stained with
the filtered working solution of Oil-red-O for 10 min, and
washed for 10 min in demineralized water (room temperature).
The slides were allowed to dry and were mounted with Vectash-
ield mounting medium (Vector Laboratories).

Terminal deoxynucleotidyl transferase-mediated biotinylated
UTP nick end-labeling (TUNEL) assay

Sciatic nerve longitudinal cryosections were prepared and post-
fixed in 4% PFA in PBS (pH 7.4) for 20 min and then permeabi-
lized with 0.1% Triton X-100/0.1% sodium citrate on ice for 2
min. TUNEL was performed using the In Situ Cell Death De-
tection kit (Roche) according to the manufacturer’s instruc-
tions. Cell nuclei were counterstained with DAPI.

BrdU incorporation assay

P56 mice were injected intraperitoneally with 100 pg of BrdU
per gram of body weight. Six hours later, the sciatic nerves were
dissected, fixed in 4% paraformaldehyde for 24 h, and embedded
in OCT medium. Longitudinal cryosections were prepared,
post-fixed in 4% paraformaldehyde (10 min), denatured with 2
N HCI for 20 min at 37°C, and neutralized in 0.1 M sodium
borate (pH 8.5) for 10 min. Sections were incubated with rat
anti-BrdU (at a 1:200 dilution; Abcam) in 0.3% Triton X-100
overnight at 4°C. Next day, the sections were incubated with
anti-rat secondary antibody conjugated to Alexa Fluor 594 (at a
1:200 dilution; Invitrogen) and visualized with fluorescence mi-
croscopy. The nuclei were counterstained with DAPL

Electron microscopy

P56 mice were perfused with 2% PFA and 2% glutaraldehyde in
0.1 M cacodylate buffer (pH 7.3) for 10 min. For P4 and P10, the
nerves were dissected from unperfused animals and processed as
follows: all tissues were immersed in the fixative solution (2%
PFA, 2% glutaraldehyde, 0.1 M cacodylate buffer at pH 7.3) for
2 h at 4°C, washed in 0.1 M cacodylate buffer, and osmicated for
4 hin 1% OsO, (Fluka). Nerves were rinsed in 0.1 M cacodylate
buffer, dehydrated, and embedded in epoxy 812-Araldite (Poly-
sciences). One-micrometer sections were stained with 1% to-
luidine blue and examined by light microscopy. Ultra-thin sec-
tions were subsequently cut, collected on cellodin-coated single
slot grids, and stained with uranyl acetate and lead citrate. Pho-
tographs were obtained using a JEOL 1200EX electron micro-
scope.

Morphometric analysis

Semi-thin nerve cross-sections were stained with 1% toluidine
blue and digitalized using the AxioVision release 4.5 software

Role of PA in Schwann cells

(Zeiss). For each myelinated axon present, both an axonal area
(defined by the inner limit of the myelin sheath) and a total fiber
area (defined by the outer limit of the myelin sheath) were au-
tomatically measured with an image analysis software (G-ratio
calculator 1.0, Image ] plug-in, Yannick Krempp, Cellular Im-
aging Facility, Lausanne, Switzerland). The g-ratio was calcu-
lated by dividing the axon area by total fiber area. Each experi-
mental group consisted of three mice.

Cell culture

MSC80 cell line The mouse Schwann cell line (MSC80)
(Boutry et al. 1992) was maintained in DMEM supplemented
with 10% FCS, 100 U/mL penicillin, 100 pg/mL streptomycin,
and 0.5 pg/mL fungizone (all reagents were from Invitrogen). In
order to evaluate activation of either the MEK-Erk or PI3K-Akt
pathways, the cells were grown for 1 h in the presence or ab-
sence of 100 uM phosphatidic acid (Sigma), PD98059 (20 nM;
Cell Signaling), and LY294002 (10 uM; Cell Signaling).

Mouse primary Schwann cell culture Mouse SC cultures were
established from neonatal sciatic nerves as described (Weinmas-
ter and Lemke 1990). Sciatic nerves dissected from P2 mice
were enzymatically treated with 0.5 mg/mL collagenase type I
(Invitrogen) and 2.5 mg/mL dispase II (Roche), followed by me-
chanical dissociation through 18, 21, and 23 gauge needles. The
cell suspension was filtered through a 53-um nylon mesh, and
cells were plated on tissue plastic culture dish in Dulbecco’s
modified Eagle’s medium (DMEM,; Invitrogen) supplemented
with 10% fetal calf serum (FCS; Hyclone). Fibroblasts were
eliminated using immunoselection (Brockes et al. 1979), and the
cells were cultured following 4 d in the medium containing 10
1M cytosine arabinoside (Sigma) to further decrease fibroblast
proliferation. SCs were grown to 80% confluency, re-plated on
poly-L-lysine-coated culture dishes, and maintained in normal
growth medium (DMEM, 10% FCS) with or without addition of
PA (100 uM) for 1 h.

Rat primary culture Schwann cells were isolated from sciatic
nerves of Sprague-Dawley rat pups shortly after birth (P3-P4).
Fibroblasts were eliminated using immunoselection (Brockes et
al. 1979). Purified SCs were cultured on poly-L-lysine-coated
tissue plastic culture dishes in DMEM containing 10% fetal calf
serum, 10 ng/mL neuregulin, and 4 uM forskolin (Sigma) with
or without addition of PA (100 pM; Sigma), PD98059 (20 nM;
Cell Signaling), and propranolol (20 pM; Sigma).

DRG explant cultures Dorsal root ganglia were dissected from
embryonic day 16 (E16) rat embryos as previously described
(Salzer and Bunge 1980). The ganglia were plated directly onto
poly-L-lysine/laminine-coated glass slides and cultured in Neu-
ral Basal with B27 supplement for 24 h. Next the medium was
changed to C medium (DMEM with 10% fetal bovine serum, 50
ng/mL NGF [Harlan Bioproducts for Science|, 2 mM glutamine,
and 11 mM glucose). After 5 d, myelination was induced by
culturing the DRG explant cultures in C medium, supple-
mented with 50 pg/mL vitamin C (ascorbic acid [AA]; Sigma),
and with or without different concentration of PA, U0126 (30
1M; Cell Signaling), PD98059 (50 uM; Cell Signaling), and pro-
pranolol (20 uM; Sigma). Explants were harvested after 3 or 4
wk. The number of myelinated segments was determined after
staining with Mpz antibody. Only well-defined myelin seg-
ments were counted. The amount of Mpz expression was deter-
mined by Western blotting.
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Phosphatidic acid quantitation PA was quantified according
to the previously described protocol (Saulnier-Blache et al.
2000). The endoneuriums from two nerves were homogenized
in 1.5 mL of PBS containing 0.5 mM Na orthovanadate (Sigma)
and extracted twice with 1 volume of butanol. After evapora-
tion, phospholipids were solubilized in 1 mL of PBS containing
1% BSA and 0.5 mM Na orthovanadate. An aliquot of the so-
lution was incubated for 90 min at 37°C in the presence or not
of bovine pancreatic PLA2 (3.8 U/mL; Sigma). At the end of the
incubation, phospholipids were extracted with butanol and
dried, and LPA was quantified. The amount of PA corresponds
to the amount of LPA detected after treatment with PLA2 after
the subtraction of the amount of LPA detected without PLA2
treatment. The assay was performed in triplicate for each
sample.

PAP activity measurement PAP activity was measured ac-
cording to the previously described protocol (Han et al. 2006).
Briefly, samples were disrupted using a Dounce homogenizer at
4°C in 50 mM Tris-HCI (pH 7.5) buffer containing 0.25 M su-
crose, 10 mM B-mercaptoethanol, 1 mM benzamidine, 0.5 mM
PMSEF, and 5 mg/mL aprotinin, leupeptin, and pepstatin. The
lysed cells were centrifuged at 1000g for 10 min at 4°C, and the
supernatant was used as the cell extract. Total PAP activity
(Mg?*-dependent and Mg?*-independent) was measured for 20
min at 30°C in the reaction mixture (total volume of 100 uL)
containing 50 mM Tris-HCI (pH 7.5), 1 mM MgCl,, 10 mM
B-mercaptoethanol, 0.2 mM PA, 2 mM Triton X-100, and en-
zyme protein. The Mg>**-independent PA phosphatase activity
was measured in the same reaction mixture except that 1 mM
EDTA was substituted for 1 mM MgCl,. The difference be-
tween the two enzyme activities was calculated as Mg?*-depen-
dent PA phosphatase activity. The assay was performed in trip-
licate for each sample.
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