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Abstract
Arachidonic acid derived endogenous electrophile 15d-PGJ2 has gained much attention in recent
years due to its potent anti-proliferative and anti-inflammatory actions mediated through thiol
modification of cysteine residues in its target proteins. Here, we show that 15d-PGJ2 at 1µM
concentration converts normal mitochondria into large elongated and interconnected mitochondria
through direct binding to mitochondrial fission protein Drp1 and partial inhibition of its GTPase
activity. Mitochondrial elongation induced by 15d-PGJ2 is accompanied by increased assembly of
Drp1 into large oligomeric complexes through plausible intermolecular interactions. The role of
decreased GTPase activity of Drp1 in the formation of large oligomeric complexes is evident
when Drp1 is incubated with a non-cleavable GTP analog, GTPγS or by a mutation that
inactivated GTPase activity of Drp1 (K38A). The mutation of cysteine residue (Cys644) in the
GTPase effector domain, a reported target for modification by reactive electrophiles, to alanine
mimicked K38A mutation induced Drp1 oligomerization and mitochondrial elongation,
suggesting the importance of cysteine in GED to regulate the GTPase activity and mitochondrial
morphology. Interestingly, treatment of K38A and C644A mutants with 15d-PGJ2 resulted in
super oligomerization of both mutant Drp1s indicating that 15d-PGJ2 may further stabilize Drp1
oligomers formed by loss of GTPase activity through covalent modification of middle domain
cysteine residues. The present study documents for the first time the regulation of a mitochondrial
fission activity by a prostaglandin, which will provide clues for understanding the pathological
and physiological consequences of accumulation of reactive electrophiles during oxidative stress,
inflammation and degeneration.
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Introduction
Mitochondrial structure and function in cells is maintained by a delicate balance between
fission and fusion events mediated by dynamin related GTPases [1]. Dynamins are large
proteins with amino-terminal GTPase domain followed by middle domain and a GTPase
effector domain (GED) [2]. Mitochondrial fission is mediated by a large dynamin related
GTPase called dynamin related protein 1 (Drp1) likely through cooperation of mitochondrial
outer membrane proteins Fis1 and Mitochondrial fission factor Mff [1]. Drp1 is located in
the cytosol of mammalian cells and translocates to mitochondria at fission sites/foci where it
couples GTP hydrolysis to membrane constriction and fission [3]. It has been reported that
an increase in Drp1 oligomerization reflects an increase in the fission-competent rings
formed before mitochondrial fragmentation [4]. Moreover, posttranslational modifications
like phosphorylation and sumoylation of Drp1 were also shown to regulate mitochondrial
shape changes [5]. Notwithstanding the regulation of Drp1 function by above mentioned
posttranslational modifications, very little is known regarding the functional regulation of
Drp1 by protein reactive electrophiles in vivo.

The lipid electrophile 15 deoxy-Δ12,14-prostaglandin J2 (15d-PGJ2), a cyclopentenone
prostaglandin (CyPG), has been established as a modulator that is produced in vivo during
resolution phase of inflammation [6]. In addition to its anti-inflammatory property, 15d-
PGJ2 also exhibits diverse biological effects, including anti-proliferative and anti-viral
activities. Prostaglandins are reported to be physiologically present in the body fluids in
picomolar to nanomolar concentrations with local concentrations reaching low micromolar
range at sites of acute inflammation [7]. However, the concentrations of reactive CyPGs are
often underestimated several folds lower than that were originally produced because they
form covalent adducts with proteins. CyPGs alter normal function of many proteins as well
as their redox status by reacting with free cysteine thiols of cellular proteins via Michael
addition. 15d-PGJ2 has been shown to either impair activities of I kappa B kinase, AP-1
family genes, NF-kappa B, thioredoxinand β-actin proteins or promote activities of H-Ras
and PPARγ proteins through adduct formation with cysteine residues of these proteins. As
15d-PGJ2 exerts its biological effects at least in part through a reaction with cellular
proteins, the identification of target molecules of 15d-PGJ2 may facilitate efforts to develop
new strategies to deal with these electrophilic protein modulators. Here we demonstrate for
the first time that 15d-PGJ2 interacts with the mitochondrial division protein Drp1 and
causes an extensive mitochondrial networking and fusion.

Materials and Methods
Materials

Rat kidney proximal tubule cells (RPTC) and HeLa cells were grown in serum
supplemented Ham's F-12/DMEM and MEM medium, respectively. All prostaglandins,
GW9662, and T0070907 were from Cayman chemicals. Anti-HA (Sigma Aldrich) and α-
Drp1 (BD Bioscience) mouse monoclonals, α-AIF rabbit polyclonal (Santa Cruz
Biotechnology) and HRP-conjugated secondary antibodies to mouse and rabbit IgG
(Jackson Immunoresearch Laboratories) were used. Nucleotides and ATP measurement
reagents (Sigma Aldrich), MitoTracker Red (Invitrogen), MitoDsRed plasmid (Clontech),
Fugene HD transfection reagent (Roche Applied Science) and site-directed mutagenesis kit
(Stratagene) were used. Plasmids overexpressing Drp1 Wild-type and Drp1 K38A were a
kind gift from Dr. Alex Van Der Bliek. All other reagents were of the highest grade
available.
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15d-PGJ2 treatment
RPTC were plated at 1–2 × 105 cells/cm2 in 35-mm collagen coated dishes. After overnight
growth, cells were incubated with 20 µM of 15d-PGJ2 in fresh growth medium for different
times. For each data point, triplicate cultures were prepared and data represents average of at
least three independent experiments. All controls were treated with DMSO. HeLa cells were
similarly treated with 15d-PGJ2 after growing cells overnight. 0.25 × 105 cells per cm2 were
seeded in 35mm dishes for transfection and treatments were done within 20–24h after
transfection. In some experiments, the thiol containing anti-oxidant NAC was added to the
cells 1h before 15 d-PGJ2 treatment.

Mitochondrial morphology and Measurement of ATP
Mitochondrial morphology was observed either by stable expression of MitoDsRed plasmid
in RPTC and HeLa or by staining with 250 nM of MitoTracker red. Confocal images were
obtained on a confocal laser scanning microscope (Olympus FV-1000 or Zeiss LSM 510) at
the Institutional Imaging Facility. To measure ATP, control and experimental cells were
lysed in perchloric acid and ATP in cell extract was measured as described before [8].

Electron microscopy
Control and 15d-PGJ2 treated cells in a 35 mm dish were processed for electron microscopy.
Cells were washed and fixed with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer
pH 7.4. Fixed cells were incubated with 1% osmium tetroxide (OsO4) for 1 hr at 4°C and
after 20 min incubation at 4°C in 1% uranyl acetate; cells were washed thoroughly and
further processed for electron microscopy.

Western blotting
Protein concentration was estimated with BCA reagent (Pierce Kit) using BSA as standard.
Proteins were resolved by reducing SDS-PAGE in Xcell II mini cell on 4–12% and 10%
NuPAGE gels using MOPS running buffer (Invitrogen). Proteins from the gel were
electroblotted onto 0.2-µm PVDF membranes after electrophoresis and were analyzed by
western blotting using appropriate primary and peroxidase-conjugated secondary antibodies.

Blue Native PAGE
Homogenization, fractionation of mammalian cells (HeLa and RPTC) for blue native PAGE
(BN-PAGE) was done as described [9]. Briefly, cells were homogenized in diluted sucrose
buffer (83 mM sucrose, 6.6 mM imidazole/HCl, pH 7.0) in a 1 ml dounce homogenizer and
mitochondrial and microsomal pellet and cytosolic supernatant fractions were collected by
differential centrifugation. Mitochondria were extracted in 20 µl of 1× Native PAGE sample
buffer (Invitrogen) containing 1% Dodecyl maltoside (DDM) [9]. The 100,000×g
supernatant containing the cytosol was further concentrated using a Nanosep 10 kDa cutoff
membrane (Pall Corporation). 35 µg of cytosol was mixed with 1× Sample buffer containing
1% DDM. All samples were centrifuged at 50,000×g for 15 minutes and mixed with
Coomassie blue G-250 dye before loading onto BN-PAGE gels (Invitrogen). Proteins
resolved were transferred onto PVDF membranes, and subjected to immunoblotting for HA
or Drp1. The sizes of the complexes were established on the basis of the mobility of marker
proteins (GE Healthcare): thyroglobulin (669 kD), apoferritin (440 kD), catalase (232 kD)
and BSA (67 kD).

Protein capture by biotinylated-15d-PGJ2
RPTCs were treated with 10 µM of biotinylated 15d-PGJ2 for 2h. Control and experimental
cells were lysed in isotonic buffer containing 1% NP40 and biotinylated proteins were
bound to MPG streptavidin beads (Pure Biotech LLC, Middlesex, NJ) following the
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manufacturer’s instructions. The presence of Drp1 in the bound proteins was detected by
Western blotting.

GTPase Activity Assay
The cDNA for wild-type Drp1 cloned in pCAL-n-EK for the production of calmodulin-
binding peptide (CBP)-Drp1 fusion protein was a kind gift from Dr. Craig Blackstone. The
soluble CBP-tagged full length wild-type Drp1 was purified from Escherichia coli BL21
(DE3) using calmodulin affinity resin [10] and was dialyzed against buffer (20 mM HEPES,
pH 7.2, 2 mM MgCl2, and 1 mM dithiothreitol). GTP hydrolysis by recombinant Drp1 was
assayed using a simple, continuous, coupled GTP regenerating assay as described before
[11] by measuring the depletion of NADH in a fluorescence reader (TECAN).

Results
15d-PGJ2 induces extensive mitochondrial elongation and mitochondrial dysfunction

Treatment of RPTC with 15d-PGJ2 induced extensive mitochondrial elongation within 2h of
treatment. Unlike HeLa cells, normal rat kidney proximal tubule cells or primary cultures of
mouse proximal tubule cells (supplementary Fig.1) contain punctiform mitochondria (Fig.
1A, left panel). The punctiform mitochondria fused into long tubular structures within 1h of
2 µM 15d-PGJ2 treatment (Fig. 1A, middle panel). In two hours, mitochondria became
completely fused and interconnected (Fig. 1A, right panel). The number of cells with
moderately long or fused and interconnected mitochondria increased from <20% in
untreated cells (0h) to ~60% with 1µM and to ~90% with 2 µM of 15d-PGJ2 treatment (Fig
1B). In view of the ability of serum proteins to sequester 15d-PGJ2 and reduce its activity
[12], we determined whether serum attenuated 15d-PGJ2 activity in RPTC. Not surprisingly,
it required 10–20 fold higher concentration of 15d-PGJ2 (20 µM) in the presence of 10%
serum to induce mitochondrial changes (Fig. 1C and E) compared to serum free medium
(Fig. 1 A and B). To avoid the confounding effects of serum starvation on 15d-PGJ2
induced changes, rest of the experiments were performed in serum-containing medium.
Mitochondrial elongation induced by 15d-PGJ2 was also confirmed by electron microscopy.
As shown in Fig. 1D, untreated RPTC contain small round mitochondria, which became
elongated when treated with 15d-PGJ2. Since 15d-PGJ2 is a natural ligand of nuclear
receptor, PPARγ, we tested the effect of PPARγ antagonists, GW9662 and T0070907 on
15d-PGJ2 induced mitochondrial changes. Both the antagonists failed to prevent 15d-PGJ2
induced mitochondrial fusion (Fig. 2A) suggesting role of PPARγ independent events in
mediating these changes. To test the specificity of 15d-PGJ2 on mitochondrial shape
change, we tested other prostaglandins. Our results indicated that in contrast to 15d-PGJ2,
either prostaglandin A2 (PGA2) or prostaglandin D2 (PGD2) or PGE2 (not shown) did not
cause significant mitochondrial elongation (Fig. 2B). Since PPARγ independent effects of
15d-PGJ2 have been shown to be mediated by production of ‘ROS’, we ruled out the
involvement of ROS by including ROS scavengers, TEMPOL and Trolox. Only thiol
containing antioxidants NAC and NMPG blocked 15d-PGJ2 induced mitochondrial
elongation (supplemental Figure 2). Furthermore, 15d-PGJ2 treatment also resulted in
decreased production of ATP, which was more pronounced when cells were forced to use
the mitochondrial pathway for ATP production in a medium devoid of glucose, containing
pyruvate and 2-deoxy-glucose (Fig 2C). This result is consistent with the finding of Parone
et al [13] indicating that lack of fission results in mitochondrial dysfunction.

Binding, inhibition of GTPase activity and induction of oligomerization of Drp1 by 15d-
PGJ2

Since our immunoblots indicated possible modification of Drp1, but not other fission and
fusion proteins, by 15d-PGJ2 (not shown), RPTC were treated with a biotinylated derivative
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of 15d-PGJ2. Proteins that were modified by the prostaglandin were purified by streptavidin
conjugated beads were further analyzed. Data shown in Fig. 3A clearly indicated that 15d-
PGJ2 was able to bind to Drp1. To test the effect of 15d-PGJ2 on intrinsic GTPase activity
of Drp1 upon binding in vitro, we used recombinant full length Drp1 and observed
significant inhibition of GTPase activity by the cyclopentenone prostaglandin (Fig. 3B).
Since oligomerization of Drp1 is required for cooperative increase in GTPase activity
necessary for mitochondrial fission, we tested the effect of 15d-PGJ2 on the formation of
oligomeric complexes of Drp1.

Analysis of Drp1 from cytosolic and mitochondrial fractions of normal and DMSO treated
cells indicated that it predominantly exists as a tetramer with a molecular weight of ~300
kD. 15d-PGJ2 treatment resulted in a change in the migration of Drp1 as several distinct
high molecular weight oligomeric complexes that may reach the size of ~2×106 daltons (Fig.
3C). There is not only an increase in oligomerization of Drp1 in the cytosol but also
translocation of these large oligomers into mitochondria (Fig. 3C). However, this increased
oligomeric Drp1 in mitochondria failed to cause their fragmentation suggesting that these
stabilized Drp1 oligomers may be devoid of fission activity. Therefore, we hypothesized that
decreased GTPase activity of Drp1 may not affect its assembly into oligomeric complexes
but prevent their disassembly required for mitochondrial fragmentation. To test this
hypothesis, we incubated cytosol from untreated cells with a non-cleavable GTP analog,
GTPγS. Interestingly, lack of GTP cleavage resulted in a shift in the mobility of tetrameric
Drp1 into larger complexes in BN-PAGE gels (Fig. 3D). To further confirm our hypothesis
that loss of Drp1 GTPase activity results in the stabilization of its oligomeric complexes due
to failed disassembly, we expressed wild-type and GTPase inactive mutant forms of Drp1 in
HeLa cells. Exogenously expressed HA-tagged wild-type Drp1 migrated as a tetramer with a
molecular weight of ~300 kD by BN-PAGE (Fig. 3E). In contrast, the GTPase mutant of
Drp1 (K38A) migrated as several oligomeric complexes of high molecular weight (Fig. 3E).
Compared to 15d-PGJ2 treatment, the complexes of mutant Drp1 (K38A) were less distinct,
with a smeared appearance (Fig. 4E). Moreover, NAC significantly inhibited the formation
of Drp1 oligomers, thus confirming that 15d-PGJ2 interacts with free sulfhydryls of Drp1 to
stabilize its oligomers (Fig. 3F).

Mutation of GED domain cysteine (C644A) induces formation of oligomeric Drp1 and its
association with mitochondria

In general, mitochondria in untreated HeLa cells are relatively elongated compared to RPTC
(Fig. 4A, left panel). However, treatment with 15d-PGJ2 resulted in further elongation and
entanglement of mitochondria (Fig. 4A, right panel) and increased formation of high
molecular weight oligomeric complexes of Drp1 in both cytosolic and mitochondrial cellular
fractions (Fig. 4B). In contrast, treatment with carbonyl cyanide m-chlorophenylhydrazone
(CCCP), a mitochondrial uncoupler, resulted in severe fragmentation of mitochondria (Fig.
4A, middle panel) without any change in the Drp1 oligomerization status or translocation
(Fig. 4B). The single cysteine (644 Cys) residue in the GED domain of Drp1, conserved
among Drp1 like proteins (Fig. 4C) but not among dynamins, was shown before to be the
target of thiol reactive electrophiles [14]. To test the role of cysteine 644 in the maintenance
of Drp1 structure and function, we substituted it with alanine through site-directed
mutagenesis. While expression of wild-type Drp1 resulted in increased fragmentation of
mitochondria in HeLa cells, expression of mutant proteins resulted in mitochondrial
elongation (Fig. 4E). BN-PAGE analysis of cytosolic and mitochondrial fractions clearly
indicated that in contrast to wild-type Drp1, both the mutants of Drp1 (K38A and C644A)
showed more Drp1 oligomeric complexes both in the cytosol and mitochondria. While wild-
type Drp1 predominantly appeared as cytosolic (Fig. 4D, lanes 1, 1’), the mutant forms
increasingly localized to mitochondria in addition to cytosolic presence (Fig. 4D, lanes 1’,
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3’, 4’). Similarly, 15d-PGJ2 treatment caused Drp1 oligomerization and increased
mitochondrial association (Fig. 4D, lanes 1’, 2’). Immunofluorescence analysis of HeLa
cells transfected with wild-type and C644A mutant of Drp1 by double staining for HA
epitope of exogenous Drp1 and endogenous mitochondrial marker, AIF clearly supported
our BN-PAGE data that while wild-type Drp1 is predominantly localized to the cytosol,
C644A mutant is associated with mitochondria (Fig. 4E). To test whether the C644A further
interacts with 15d-PGJ2 or not, HeLa cells expressing mutant Drp1 were incubated with
biotinylated-15d-PGJ2. From the streptavidin pull-down assay, we observed binding of both
wild-type and mutant (C644A) Drp1 to 15d-PGJ2. For reasons not known, the level of wild-
type Drp1 expressed is much lower than mutant Drp1. The ability of C644A mutant to bind
biotinylated-15d-PGJ2 (Fig. 4F) suggests that other cysteine residues in the middle domain
of Drp1 may also be involved. Moreover, 15d-PGJ2 was able to super-oligomerize C644A
and GTPase (K38A) mutants (Fig. 4G) based on the relative abundance of 669 kD oligomer
over the ~300 kD tetramer suggests that covalent modification of middle domain cysteine/s
by 15d-PGJ2 may stabilize Drp1 oligomers.

Discussion
This is the first report to show that 15d-PGJ2 induces novel changes in mitochondrial
morphology through possible inactivation of Drp1. Our conclusion is based on the following
findings: (a) 15d-PGJ2 induced mitochondrial elongation, (b) biotinylated-15d-PGJ2 was
found to directly bind Drp1, (c) 15d- PGJ2 reduced GTPase activity and induced
oligomerization of Drp1, (d) oligomerization of Drp1 also mimicked by non-cleavable GTP
analog (GTPγS) or the GTPase inactive mutant of Drp1 (K38A) or GED cysteine mutant
(C644A). Since mitochondrial morphology is regulated by a balance of fission and fusion
protein activity, inactivation of the fission protein Drp1 by 15d-PGJ2 (Fig. 3) could shift the
balance towards fusion, resulting in mitochondrial elongation. However, involvement of
other fission or fusion proteins in prostaglandin mediated mitochondrial fusion cannot be
completely excluded. Changes in mitochondrial morphology induced by 15d-PGJ2 were
unique to this prostaglandin as other prostaglandins failed to do so (Fig. 2B). Our BN-PAGE
results revealed the formation of high molecular weight oligomeric complexes of Drp1 in
the cytosol and mitochondria within 2 h of 15d-PGJ2 treatment (Fig. 3C). It is interesting to
note that mutation of cysteine residue (Cys644), the target for electrophile binding[14], also
resulted in increased self assembly and mitochondrial association of Drp1, and
mitochondrial elongation (Fig. 4) suggesting this residue to be a potential site for redox
regulation. Like Dynamin, Drp1 forms higher order oligomeric structures that are sensitive
to GTP [3,16]. Consistent with GTP hydrolysis requirement, the non-cleavable GTP analog,
GTPγS, accentuates oligomerization (Fig. 3D). Interestingly, inhibition of GTPase activity
by mutagenesis or inactive GTP analog substitution only generated diffused oligomers. On
the other hand, 15d-PGJ2 treatment resulted in the formation of distinct oligomers although
GTPase activity was only partial inhibited. The reason for only 50% of GTPase activity
being inhibited by 15d-PGJ2 is that in the absence of cysteine residues in the GTPase
domain, covalent modification of GTPase effector domain (GED) will only reduce faster
exchange of GDP-GTP required for higher activity but will not completely block GTPase
activity. Mutations in GTPase domain such as K38A are known to completely inhibit
GTPase activity of Drp1 [15]. Therefore, it is likely that 15d-PGJ2 may bind to additional
sulfhydryls to stabilize oligomers formed by GTPase inhibition. There are 8 other cysteine
residues in the middle domain that can be modified by 15d-PGJ2. In fact, C644A mutant
showed not only binding to biotin-15d-PGJ2 (Fig.4F), but also super oligomerized in the
presence of 15d-PGJ2 as shown by the relative abundance of 669 kD oligomer over the
~300 kD tetramer (Fig.4G). Our future investigations will include mutagenesis of all the 8
middle domain cysteine residues.
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For dynamin and its related proteins, oligomerization appears to stimulate GTPase activity
through conformational interactions between the GTPase and the GED domains [17] that
causes the dissociation of oligomers. As per the recent models proposed for dynamin [18],
inhibition of GTPase activity either by interfering with the GTPase domain or GED domain
or both will result in the failed disassembly of Drp1 oligomeric complexes. In this regard, it
is noteworthy that either 15d-PGJ2 treatment or overexpression of the GED C644A mutant
resulted in the formation of high molecular weight oligomeric complexes and elongated
mitochondria (Fig. 3 and Fig. 4). Similar formation of Drp1 oligomeric complexes by
GTPase and GED mutants of Drp1 were reported by Zhu et al [15]. So far it has been
reported that Drp1 is able to assemble and this assembly stimulates its GTPase activity [1].
The role of GTPase in disassembly of Drp1 appears to be more important than in assembly
from our studies as well as from the studies described by Zhu et al [15]. Inhibition of 15d-
PGJ2 induced Drp1 oligomerization by thiol antioxidant NAC may be due to protection of
cysteine residues on Drp1 from possible modification by the prostaglandin.

Conclusion
This finding illustrates that Drp1 is susceptible to modification by reactive electrophiles
formed from toxic chemicals and endogenous oxidant stress. Identification of proteins
susceptible to such modification may provide novel insights to understand cellular
mechanisms of adaptive response to oxidative stress and consequences of protein damage
due to inflammation, injury, cellular redox alteration, toxicity or disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 15d-PGJ2 induces extensive mitochondrial fusion and elongation
Cells expressing MitoDsRed were observed by confocal fluorescence microscopy. Changes
in mitochondrial morphology in RPTC from punctiform in control (0 h) to fused and
interconnected structures (indicated by white asterisks) in cells treated for 1h or 2h with 2
µM 15d-PGJ2 in serum-free growth medium (A) or 20 µM 15d-PGJ2 for 2h in full growth
medium containing 10% serum (C); Bar: 10 µm. Number of cells with punctiform or fused
and interconnected mitochondrial structures were scored in control and 15d-PGJ2 treated at
1 and 2 µM concentrations for 2h (B) or 20 µM 15d-PGJ2 in serum containing medium (E).
Data represent mean + s.d. (from triplicates, * Student’s t-test P<0.01). Electron microscopic
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images showing changes in mitochondrial structure in RPTC after treating with 20 µM 15d-
PGJ2 for 0 and 2h (D) ; Bar: 500 nm.

Mishra et al. Page 10

Biochem Biophys Res Commun. Author manuscript; available in PMC 2011 April 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. 15d-PGJ2 induced changes in mitochondrial morphology are PPAR γ independent and
are unique to 15d-PGJ2 that leads to decreased ATP production
A) Effect of PPAR γ antagonists GW9662 or T0070907on 15d-PGJ2 induced mitochondrial
remodeling in RPTC expressing MitoDsRed. B) Mitochondria morphology of RPTC treated
with DMSO (CON) or 20 µM of PGA2, PGD2 or 15d-PGJ2 for 2h, observed by confocal
microscopy as described above. C) Total cellular ATP levels in RPTC that were grown in
regular medium or glucose-free medium containing pyruvate and 2-deoxy Glucose at 0h and
2h of treatment with 15d-PGJ2 (20 µM). Asterisk (*) represents Student’s t-test P<0.05 from
three independent experiments. Bar: 10 µm.
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Figure 3. Covalent binding by 15d-PGJ2 and inhibition of GTPase activity resulted in
oligomerization of Drp1
A) Western blot showing captured Drp1 by streptavidin beads after incubating RPTC with
biotinylated 15d-PGJ2 (bio-15d-PGJ2) for 6h. B) Effect of 15dPGJ2 on GTPase activity of
recombinant Drp1, indirectly measured by coupled assay of NADH oxidation as described
in the experimental section. Data represents an average of two independent experiments. C)
Oligomeric complexes of Drp1 in cytosol and mitochondria in RPTC treated with 15d-PGJ2
were observed by immunoblotting after BN-PAGE as described in methods section. D)
Incubation with non cleavable GTP analog (GTPγS) but not GTP promotes Drp1
oligomerization in the cytosol. E) Immunoblotting of total cell lysates expressing HA-tagged
wild-type Drp1 and mutant Drp1 (K38A) that is deficient in GTPase activity after separated
by BN-PAGE. Asterisk (*) indicates a non-specific reactive band to α-HA antibody. F)
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Effect of thiol antioxidant N-acetyl cysteine (NAC) on Drp1 oligomerization induced by
15d-PGJ2.
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Figure 4. C644A GED domain mutation is similar to K38A GTPase inactive mutation in causing
mitochondrial elongation
A) Mitochondrial morphology of HeLa cells (preloaded with mitotracker red dye) treated
with either 15d-PGJ2 for 3h or CCCP for 4h were observed by confocal fluorescence
microscopy. B) Immunoblotting for Drp1 of HeLa cells that were treated with 15d-PGJ2 or
CCCP as above. Cytosolic and Mitochondrial fractions were prepared as described in
experimental section and were subjected to BN-PAGE and Western blotting. C) Cysteine
residue in the GED domain of Drp1 is conserved from humans to Saccharomyces cerevisiae
(Dnm1p). D) BN-PAGE analysis of cytosolic and mitochondrial fractions isolated from
HeLa cells that were transfected with wild-type (HA-Drp1), GTPase mutant (HA-K38A
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Drp1) or GED mutant (HA- C644A Drp1) as described before. E) Cells that were
transfected with HA-tagged wild-type (wt) or mutant (C644A) Drp1 were double
immunostained for both Drp1 (α-HA; monoclonal) and AIF, a mitochondrial marker that
were labeled with Cy3 and Alexa 488 conjugated secondary antibodies, respectively. Bar:
10µm. F) Capture of wild-type and C644A mutant Drp1 by biotin-15d-PGJ2. G) Oligomeric
complexes of wildtype, K38A, C644A mutant Drp1 proteins in transfected HeLa cells that
were treated with or without 15d-PGJ2.
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