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Expression Plasmids. cDNAs for PGAM5 orthologs in human,
Drosophila (CG14816), and C. elegans (R07G3.5) were cloned by
reverse transcript (RT)-PCR using total RNA isolated from
HEK293 cells, Drosophila embryos, and C. elegans worms,
respectively. The following oligonucleotides were used for the
isolation of cDNAs: human PGAM5, sense, 5�-gcgaattcGGCAT-
GGCGTTCCGGCAGGCGC-3�, antisense, 5�-gcctcgagTCAG-
GATCGAGTGATCTTGTCG-3�; DPGAM5 (CG14816), sense,
5�-gcgaattcgccATGCGAAAGTTGACTAGCTTC-3�, anti-
sense, 5�-gctctagaCTAAACCACGTTTTTGACGTC-3�;
CePGAM5 (R07G3.5), sense, 5�-gcgaattcATGGTATCTAA-
GATCATAAAAC-3�, antisense, 5�-gcctcgagTTAGGTGAAG-
GAAATCTTGTTT-3� (the nucleotides shown in the lowercase
include sequences for digestion with restriction enzymes). cD-
NAs for human PGAM5 and CePGAM5 were digested with
EcoRI and XhoI and subcloned into a mammalian expression
plasmid pcDNA3 (Invitrogen) with an N-terminal or C-terminal
tag. An EcoRI/XhoI fragment of human PGAM5 cDNA was
also subcloned into a bacterial expression plasmid pGEX4T-1
(GE Healthcare). DPGAM5 cDNA was digested with EcoRI
and XbaI and subcloned into a Drosophila expression plasmid
pUAST. His105Ala and His105Phe mutants of PGAM5 and a
His94Ala mutant of DPGAM5 were obtained using the
QuikChange site-directed mutagenesis kit (Stratagene). Human
PGAM1 cDNA was cloned by RT-PCR using total RNA isolated
from HEK293 cells, digested with EcoRI and XhoI, and sub-
cloned into pcDNA3 with an N-terminal Flag tag. The following
oligonucleotides were used for the isolation of cDNA: sense,
5�-gcgaattcGCCATGGCCGCCTACAAACTGG-3�; antisense,
5�-gcctcgagTCACTTCTTGGCCTTGCCCTGG-3� (the nucleo-
tides shown in the lowercase include sequences for digestion with
restriction enzymes). Expression plasmids for ASK1 and DASK1
were described in refs. 1 and 2).

Antibodies and Reagents. PGAM5 polyclonal antibody was raised
against the peptide RTLGDTGFMPPDKITRS as described in
ref. 3. Phospho-ASK1 antibody was described in ref. 4. Mono-
clonal antibodies to the hemagglutinin (HA) (clone 3F10), Flag
(M2), and T7 tags were purchased from Roche, Sigma, and
Novagen, respectively. Phospho-specific antibodies to JNK, p38,
and ERK were purchased from Cell Signaling. Antibodies to
ASK1 (H300) and p38 (C-20-G) were purchased from Santa
Cruz Biotechnology. Antibody to actin (AC-40) was purchased
from Sigma. Recombinant PTP1B was purchased from Biomol.

RNA Interference. A cDNA fragment for DPGAM5 (520 bp)
corresponding to the amplicon free of off-target effects in the
Drosophila RNAi Screening Center (DRSC) library (ID: 18551)
(5) was generated by PCR using oligonucleotides with the T7
RNA polymerase sequence attached to the 5� end and Flag-
DPGAM5-pUAST plasmid as a template (DPGAM5#1). An-

other cDNA fragment for DPGAM5 (326 bp) was generated by
PCR using a cDNA pool derived from S2 cells as a template
(DPGAM5#2). A cDNA fragment for GFP was also generated
for control double-stranded RNA (dsRNA) using GFP-
pBluescript II SK(�) as a template. The following oligonucle-
otides were used: DPGAM5#1, sense, 5�-TAATACGACTCAC-
TATAGGGAGAGTGCGTCCACTGCGAAA-3�, antisense,
5�-TAATACGACTCACTATAGGGAGAGGGCTCGGCAG-
ACAAAG-3�; DPGAM5#2, sense, 5�-TAATACGACTCACT-
ATAGGGAGAAGGGTTGGCTACGGATTA-3�, antisense,
5�-TAATACGACTCACTATAGGGAGACAGTCGGAAGA-
TTCAATGA-3�; GFP, sense, 5�-TAATACGACTCACTATA-
GGGAGACTTCAGCCGCTACCCC-3�, antisense, 5�-TAAT-
ACGACTCACTATAGGGAGATGTCGGGCAGCACG-3�.
Each fragment was used as a template for in vitro transcription
reaction using T7 RNA polymerase (Promega). After DNase I
treatment, synthesized dsRNA was purified and checked by
agarose gel electrophoresis (6). S2 cells were plated into 12-well
plates (4 � 105 cells per well) with 300 mL Drosophila SFM
(Invitrogen) and 6 mg dsRNA. After a 30-min incubation at
26 °C, 700 mL Schneider’s Drosophila Medium (Invitrogen) were
added. Cells were further incubated for 72 h at 26 °C and then
subjected to quantitative PCR and immunoblot analyses. For
RNAi in Neuro2A cells, siRNAs targeting the 5�-AGUUGAC-
AUCCAGGCUGGAUCACUA-3� (#1) and 5�-UCCGACUU-
GCAAGCCUGGGAUUAAA-3� (#2) sequences of mouse
PGAM5 mRNA were purchased from Invitrogen (Stealth
RNAi). Stealth RNAi Negative CTL (Invitrogen) was used as a
control. Neuro2A cells that were seeded in 12-well plates were
transfected with 20 pmol per well siRNA using 2 �L per well
Lipofectamine RNAiMAX (Invitrogen). After 48 h, cells were
subjected to immunoblot analyses.

Quantitative RT-PCR. Total RNA was isolated from dsRNA-
treated S2 cells using Isogen (Wako) and reverse-transcribed
with the QuantiTect Reverse Transcription Kit (Qiagen). Quan-
titative PCR was performed with Power SYBR Green PCR
Master Mix using the ABI PRISM 7000 Sequence Detection
System (Applied Biosystems). The following oligonucleotides
were used: DPGAM5, sense-1, 5�-TTATTTCCAACACTTTA-
ACTGAGACC-3�, antisense-1, 5�-CATGGTGGTTTACACA-
GTCTCG-3�, sense-2, 5�-AAGCCGGAGGCATCTCAGTT-3�,
antisense-2, 5�-GGTGGAAGTATCGGCGAAAG-3�; DASK1,
sense, 5�-CCCCCTCCATAATATCACTCAC-3�, antisense, 5�-
AACCCCTTTATTCTCCCTCTTAA-3�; rp49, sense, 5�-CGG-
ATCGATATGCTAAGCTGT-3�, antisense, 5�-GCGCTTGTT-
CGATCCGTA-3�. Combinations of oligonucleotides for
DPGAM5, sense-1/antisense-1 and sense-2/antisense-2, were
used for RNAi experiments using DPGAM5 dsRNA#1 and
dsRNA#2, respectively. To normalize the relative expression of
DPGAM5 and DASK1 to the rp49 control, a standard curve was
prepared for rp49 and DPGAM5 or DASK1 in each experiment.
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Fig. S1. ClustalW alignment of the amino acid sequences of PGAM5 orthologs. Residues identical among 3 or 4 proteins and among all 5 proteins are shaded
in gray and black, respectively. The transmembrane and PGAM domains are underlined (thin and bold lines, respectively). The putative residues comprising the
catalytic core are indicated by asterisks.
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Fig. S2. Interaction between PGAM5 and ASK1 in transiently transfected HEK293 cells. N- or C-terminally Flag-tagged PGAM5 (Flag-PGAM5 or PGAM5-Flag,
respectively) and HA-tagged ASK1 (HA-ASK1) were expressed in HEK293 cells. Cells were lysed with the IP lysis buffer (50 mM Tris�HCl, pH 8.0, 150 mM NaCl, 1%
deoxycholate, 1% Triton X-100, 10 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, and 5 �g/mL aprotinin). Cell extracts were clarified by centrifugation, and
the supernatants were immunoprecipitated with M2 gel (Sigma). The gels were washed 3 times with the IP lysis buffer before analysis by immunoblotting (IB).
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Fig. S3. Phosphorylation of neither Ser-83 nor Ser-966 in ASK1 decreases in response to overexpression of PGAM5. HA-ASK1-�coil was expressed with or without
Flag-PGAM5 in HEK293 cells. Cell lysates were subjected to immunoblotting (IB) using P-ASK1 Ser-83 and P-ASK1 Ser-966 antibodies (purchased from Cell
Signaling) and P-ASK antibody.
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Fig. S4. PGAM5-dependent mobility shift of ASK1-CT is not affected by substitution of Ser-1033 to Ala. HA-ASK1-CT or HA-ASK1-CT Ser1033Ala was expressed
with or without PGAM5 in HEK293 cells. Cell lysates were subjected to immunoblotting (IB).
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Fig. S5. Efficiency of knockdown of DPGAM5 in S2 cells. mRNA expression of DPGAM5 and DASK1 in S2 cells treated with control double-stranded RNA (GFP
dsRNA) or dsRNA targeting DPGAM5 was determined by quantitative RT-PCR. Combinations of oligonucleotides for DPGAM5, sense-1/antisense-1, and
sense-2/antisense-2 were used for RNAi experiments using DPGAM5 dsRNA#1 and dsRNA#2, respectively. Results shown are the means � SD. of 3
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