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The pannexin family of channel-forming proteins is composed of 3 distinct but related members called Panx1, Panx2,
and Panx3. Pannexins have been implicated in many physiological processes as well as pathological conditions, primarily
through their function as ATP release channels. However, it is currently unclear if all pannexins are subject to similar or
different post-translational modifications as most studies have focused primarily on Panx1. Using in vitro biochemical
assays performed on ectopically expressed pannexins in HEK-293T cells, we confirmed that all 3 pannexins are N-glyco-
sylated to different degrees, but they are not modified by sialylation or O-linked glycosylation in a manner that changes
their apparent molecular weight. Using cell-free caspase assays, we also discovered that similar to Panx1, the C-terminus
of Panx2 is a substrate for caspase cleavage. Panx3, on the other hand, is not subject to caspase digestion but an in vitro
biotin switch assay revealed that it was S-nitrosylated by nitric oxide donors. Taken together, our findings uncover novel
and diverse pannexin post-translational modifications suggesting that they may be differentially regulated for distinct or

overlapping cellular and physiological functions.

Introduction

The pannexin family constitutes as class of channel-forming
proteins and is composed of 3 members: Panxl, Panx2, and
Panx3.? All 3 pannexins have been shown to form functional
3-6

channels capable of dye uptake.>® Importantly, functional analy-
sis of the channel properties of Panx1 and Panx3 have revealed a
significant role for these channels in releasing ATP to extracellular
spaces”® and facilitating Ca** influx into the cytosol.”! Panx1 has
been the most studied as it is more ubiquitously expressed than
Panx2 (predominantly found in the CNS) and Panx3 (found in
skin, bone, cartilage, and mammary gland).""! An important
physiological role for Panxl is the regulation of vascular smooth
muscle cell constriction in resistance arteries through an inter-
action with the al-adrenergic receptor.’? Panxl has also been
implicated in ischemic neuronal cell death," epileptic seizures,"
and colitis® raising its profile in a diverse array of pathologies. In
apoptotic immune cells, the ATP released from caspase-cleaved
Panxl1 channels acts as “find-me” signals for monocyte recruit-
ment and clearance of dead cells.'”® Human PANXI harbors 2
caspase cleavage sites, one residing in the intracellular loop
(residues 164—167) and another located in the C-terminus of
the protein (residues 376-379), with the C-terminal site being
responsible for the activation of the channel during apoptosis.'®'”
It is currently not known, however, whether the other 2 pannexin
isoforms are also substrates for caspase cleavage.

One common modification for all 3 pannexins is N-linked
glycosylation (or N-glycosylation), with Panx1 and Panx3 being
modified to the high-mannose and complex glycosylation spe-
cies associated with editing in the endoplasmic reticulum (ER)
and Golgi apparatus. Panx2, on the other hand, appears to only
be modified in the ER to a high mannose form, which remains
sensitive to endoglycosidase H de-glycosylation.® N-glycosylation
has been reported to regulate the cellular localization of pannex-
ins, their interactions with other pannexins, and potentially their
function at the cell surface or in intracellular compartments.**®"¥

In addition to post-translational modification by caspase cleav-
age and glycosylation, we have recently reported that PanxI can
be targeted for S-nitrosylation. Targeted modification of cysteine
thiols by the bioactive gas nitric oxide (NO) promotes reversible
S-nitrosylation of a number of membrane proteins, having dis-
tinct effects on protein function.?** S-nitrosylation of Panx1 can
occur at cysteines 40 and 346, with modification of both residues
imparting inhibition of Panxl channel currents and the ability
of the channels to release ATP.* To date, however, the ability of
Panx2 and Panx3 to be modified by S-nitrosylation remains to
be determined. Given the conserved sequence homology among
the 3 pannexins, the fact that they are co-expressed in many cells
and tissues and their shared function as large-pore membrane
channels, we set out to investigate if the post-translational modi-
fications that have been best reported for Panx1 are also involved
in the regulation of Panx2 and Panx3. In parallel studies, we
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Figure 1. Pannexins are N-glycosylated but not O-glycosylated as
defined by sensitivity to enzymatic digestion. Upon treatment of total
protein lysates from HEK-293T cells ectopically expressing Panx1, 2, or
3 with PNGase F, a significant gel mobility shift in western blots was
observed for Panx1 (A) and Panx3 (C) with a moderate change in mobil-
ity for Panx2 (B), indicating that all 3 pannexins are N-glycosylated.
Sequential treatments with sialidase A and O-glycanase resulted in a
change in the banding pattern of Fetuin in a Sypro-stained gel, used as
a positive control (D), but did not generate visible banding shifts in any
of the pannexin labeled blots (A, B, and C). The position of molecular
weight standards are shown in kDa.

report that all 3 mouse pannexin isoforms are subject to vari-
able N-glycosylation but do not change their apparent molecular
weights in response to de-sialylation or O-deglycosylation. This
is the first study to report that similar to Panx1, murine Panx2
is also a substrate for caspase cleavage, while the C-terminus of
Panx3 is not cleaved by caspase 3 or 7. In addition, Panx3 can be
S-nitrosylated like Panx1, while Panx2 appears to be resistant to
NO-mediated cysteine modification.

Results
Glycosylation
Our research group and others have previously reported

that all 3 pannexin members are N-glycosylated to different
degrees, which affects the gel mobility of the proteins as assessed
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by SDS-PAGE.®*® Utilizing an enzymatic deglycosylation kit
(ProZyme/Glyko) we set out to investigate whether the 3 pan-
nexin members are also modified by O-linked glycosylation or
sialylation. Based on the assessment of SDS-PAGE gel mobility
after sequential addition of the 3 enzymes: PNGase F, Sialidase
A, and O-glycanase, we observed the greatest pannexin band
shifts after PNGase F treatment (Fig. 1A, B, and C). Subsequent
desialylation and O-glycanase digestion did not result in any
further visible change in pannexin band mobility for any of the
3 pannexins, indicating N-glycosylation as the primary modi-
fication responsible for the band shift. As a positive control,
Fetuin, a protein known to be N- and O- glycosylated as well as
sialylated,?® exhibited increasing gel mobility following digestion
with each enzyme, as visualized on a Sypro-stained gel (Fig. 1D).
PNGase F digestion removes high-mannose as well as complex
glycans present on glycoproteins, thus confirming that all 3 pan-
nexins are N-glycosylated, with Panx1 and Panx3 exhibiting the
largest gel mobility shift upon de-glycosylation (Fig. 1A and C).
Panx2 presented a more subtle change in mobility after PNGase
F treatment (Fig. 1B) consistent with previous reports indicating
its existence as a high-mannose species.®

Caspase cleavage

Human PANXI has been shown to be a substrate for cas-
pase-dependent cleavage in its C-terminal domain promoting
ATP release and apoptotic cell clearance in immune cells.'® To
determine whether the murine isoform of Panxl (mPanx1) can
be modified in the same manner, we utilized an in vitro cell-free
caspase assay which demonstrated that mPanx1 is also susceptible
to caspase 3 and caspase 7 cleavage. In these assays, ectopically-
expressed Panx1 was immobilized on beads by immunoprecipi-
tation with an antibody directed against the C-terminus, and
subjected to caspase digestion. Following digestion, Panx1 was
eluted from the beads and processed for immunoblotting for
detection of modified Panxl. The loss in immunoreactivity to
the Panx1 C-terminal antibody indicates cleavage of this epitope
from the pannexin polypeptide. Only a small fragment (-5 kDa)
of the protein C-terminus remained attached to the beads after
caspase cleavage rendering it difficult to detect at the bottom of
the gel after elution (Fig. 2A). We next tested whether the other
2 pannexins could be modified by caspase cleavage and found
that Panx2, but not Panx3, is also a substrate for caspase 3 and
caspase 7-dependent digestion (Fig. 2B, C). To better visualize
the small C-terminal fragments left attached to the beads after
caspase digestion, we utilized C-terminus GFP-tagged versions
of Panx1 and 2 in the caspase 3 assay, which revealed C-terminal
fragments for Panx1 and Panx2 following caspase digestion that
were readily detected by immunoblotting (Fig. 2D and E). The
predicted caspase-cleavage site in the Panxl C-terminal resides
at residue 378 (sequence DIID, according to CASVM server;
http://www.casbase.org) and caspase cleavage of the GFP-tagged
version of this protein yields a fragment of approximately 32 kDa.
This fragment size is consistent with the predicted caspase cleav-
age site at amino acid 378, which is ~4.8 kDa from the end of the
Panx1 polypeptide plus the molecular weight of GFP (26.9 kDa
of GEP + -5 kDa of mouse Panx1 C-terminus). Similarly, Panx2-
GFP cleavage results in a ~63 kDa fragment (26.9 kDa of GFP +
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Figure 2. Panx1 and Panx2 are substrates for caspase cleavage. In vitro caspase 3 and caspase
7 cleavage of Panx1, -2, and -3, ectopically expressed in HEK-293T cells. Panx-CT antibodies
were used for pull down (IP) of all 3 pannexins, treated with: buffer only, exogenous caspase 3
or 7 (500 nM), or both caspase 3 (500 nM) and the pan-caspase inhibitor Z-VAD-OMe-FMK (50
uM). After immunoblotting (IB) with Panx-CT antibodies, the absence of protein bands indi-
cated caspase cleavage of Panx1 (A) and Panx2 (B) as compared with controls. The presence
of Panx3 protein bands despite the addition of activated exogenous caspase suggested that
Panx3 is not a substrate for caspase-dependent cleavage in vitro. The IgG (50 kDa) antibody
heavy chain is found in all 3 blots as expected. Cleaved protein bands detected at ~32 kDa for
Panx1-GFP (D) and ~63 kDa for Panx2-GFP (E) suggested that the caspase cleavage sites are
located in the C-terminal domains of both proteins. Cleavage is inhibited in the presence of the

post-translational modifications of the other
2 pannexins is restricted to the evidence that
they are N-linked glycoproteins. Protein gly-
cosylation plays a crucial role in many key bio-
logical processes such as cell-cell interactions,
adhesion, signal transduction, and recogni-
tion.”” Consequently, this and other post-
translational modifications may be important
for the regulation of pannexin channels as has
been well documented for other ion channels
and connexin channels modulated by phos-

~36 kDa of Panx2 C-terminus), indicating a caspase 3 cleavage
site in the first part of the C-terminus of the 677 amino acid long
Panx2 polypeptide. To verify that the absence of protein bands
in these assays was not the result of non-specific protein degrada-
tion, addition of the pan-caspase inhibitor Z-VAD prevented cas-
pase-dependent cleavage of both Panx1 and Panx2. (Fig. 2D and
E). In summary, we report for the first time that Panx2, similar
to Panxl, is a novel target for caspase-dependent modification.

S-Nitrosylation

While S-nitrosylation of Panx1 has previously been reported®
and shown to negatively regulate the activity of the channel,
the ability of Panx2 and Panx3 to be modified in this manner
has not been determined. To assess the potential for pannexins
to be modified by S-nitrosylation, HEK-293T cells were engi-
neered to express Panxl, Panx2, or Panx3 and subjected to the
Biotin Switch assay. Following treatment of pannexin express-
ing cells with the NO donor molecule S-nitrosoglutathione
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phorylation, palmitoylation, S-nitrosylation,
and SUMOylation.”” Most tissues express at
least 2 pannexin isoforms that could, in some instances, func-
tionally compensate for each other, particularly if they are differ-
entially regulated by posttranslational modifications. Among the
3 pannexins, we have previously reported that sequence homol-
ogy is highest between Panxl and Panx3 (41% identical/59%
conserved),® particularly in the transmembrane domains of the
2 isoforms.*® Yet, N-glycosylation sites have been found in the
second extracellular loop of Panxl (N254,'%%°) and in the first
extracellular loop of Panx2 (predicted site at N86)¢ and Panx3
(N71,%°) indicating that these isoforms undergo distinct N-linked
glycosylation targeted to very different polypeptide domains rais-
ing the possibility that this may have functional importance.
Panx1 and Panx3 are N-glycosylated to different levels going
from an unglycosylated form (Gly0), to a high mannose modi-
fication (Glyl), and finally a complex glycosylated form (Gly2),
while Panx2 seems to be present only in Gly0 and Glyl forms.

Volume 8 Issue 2
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Figure 3. Panx1 and Panx3 are post-translationally modified by S-nitrosylation. Western blots for Panx1 (A), Panx2 (B), and Panx3 (C) following an assay
for detection of S-nitrosylated proteins. HEK-293T cells ectopically expressing murine Panx1, Panx2, or Panx3 were treated with 100 uM GSNO to facili-
tate S-nitrosylation and samples were processed by the Biotin Switch assay. For controls, Panx expressing cells were stimulated with 100 uM reduced
GSH, the backbone molecule in GSNO that lacks the capacity to release NO, or with the reducing agent DTT (1ImM) following GSNO treatment to reduce
S-nitrosylated protein thiols. As a negative control, ascorbate was omitted from the reducing step to prevent reduction of S-nitrosylated cysteines and
subsequent biotinylation. GAPDH was used as input controls. Protein sizes are noted in kDa.

In our previous work, we used cell surface biotinylation of 293T
cells ectopically expressing pannexins to detect the most preva-
lent glycosylation forms present at the surface of the cell.® From
those assays, it was apparent that the Gly2 forms (complex gly-
cosylation) of Panxl and Panx3, as well as a subpopulation of
Panx2 (Glyl) are more abundant at the cell surface than their
unglycosylated forms. However, as proof of principle in this over-
expression system, a small subpopulation of the N-glycosylation
deficient mutants (Gly0) of Panxl and Panx3 were still able to
traffic to the cell surface and form functional channels capable
of dye uptake.® Therefore, N-glycosylation may regulate cellular
localization but does not seem to directly affect Panx1 or Panx3
single membrane channel function.

While all 3 pannexins are N-glycosylated, denaturing enzy-
matic assays with sequential addition of exoglycosidases to expose
the core GalP(1-3)GalNAc attached to a serine or threonine,
followed by O-glycanase digestion, did not reveal any evidence
for O-glycosylation. While O-linked deglycosylation did cause
a band shift in the control fetuin used in this study, it is pos-
sible that pannexins have a minimal amount of O-linked glyco-
sylation that fails to generate a band shift upon removal, while
fetuin, containing 3 N-linked and 3 O-linked carbohydrate side
chains significantly modifies its molecular weight.?® It is also pos-
sible that PNGase treatment and de-sialylation are not stringent
enough to remove all the modifications of the core structure,
which may block the action of the O-glycanase.”3

Previously, Sandilos et al. reported a degree of sequence diver-
sity between human PANXI and murine Panxl in a region of
mismatched amino acids located between residues 371-391 in
the predicted caspase cleavage site in the C-terminus.”” They
also reported a constitutive basal current observed from mPanx1
channels which was significantly greater than the basal currents
from the hPANX1 channel.” However, generation of murine and
human Panxl1 constructs that harbor engineered Tobacco Etch
Virus (TEV) protease sites replacing the endogenous caspase
site revealed that both channels are capable of being activated by
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C-terminus cleavage.” In the current study, we confirmed that
murine Panx! is indeed a substrate of both caspase 3 and caspase
7 with a predicted cleavage site in the C-terminus as reported for
human PANX1." There is an additional predicted cleavage site
in the intracellular loop of Panx1, but since our studies relied on
immobilizing the proteins with the CT antibodies, it was not
possible to detect other cleavage sites once the rest of the pan-
nexin protein was cleaved off at the C-terminal site. Based on
our analytical assay, the C-terminal domain of Panx3 does not
appear to be a target for caspase digestion. However, since Panx3
has a predicted caspase site at amino acid 14 in the N-terminus
(MLSD), it is possible that any cleavage that would remove only
a small 1.4 kDa fragment may not be detected as a change in gel
mobility using the C-terminus antibody for detection.
Importantly, murine Panx2 was shown for the first time to
be a substrate for both effector caspases, and based on the size
of the cleaved fragment, we predict that the caspase cleavage site
resides in the first part of the carboxyl terminal domain. Based
on the Panx2 sequence analysis on CASVM servers, this region
has many predicted sites for caspase cleavage at residues 373
(NESD), 407 (QTVD), 416 (AEPD), and 479 (PLLD).
Although Panx2 tends to localize mostly to intracellular
compartments,® N-glycosylated Panx2 has the capacity to traf-
fic to the cell surface, especially when co-expressed with Panx1.6
Swayne et al.?®
localized intra-cellularly in neural progenitor cells, the non-pal-

also reported that while palmitoylated Panx2 is

mitoylated form is present at the cell surface of mature neurons.
Bargiotas et al.? reported the formation of Panx2 channels capa-
ble of dye release from calcein green-loaded cortical neurons even
in the absence of Panx1. These authors also postulate that activa-
tion of pannexin channels during ischemic stroke may occur dur-
ing apoptosis as a result of caspase 3 cleavage which is activated in
cerebral ischemia.?® A double knockout (Panx1-"-, Panx2™'") was
required in that study to confer protection against ischemic brain
damage resulting in reduced infarct size and better functional
and neurological outcomes 24 h after ischemic stroke or 48 h
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after permanent occlusion of the distal middle cerebral artery.’>%

We hypothesize that Panx2 may play a similar function to that
of Panxl, releasing ATP or other molecules during cell death,
since both are potential substrates for caspase cleavage. However,
it remains to be determined whether Panx2 channels can be
activated by caspase cleavage in vivo, whether there is a role for
caspase cleavage of Panx2 while a resident of the endoplasmic
reticulum and the possible repercussions of Panx2 regulation on
cellular physiology.”

The modification of cysteine thiols by nitric oxide has emerged
as a key process in protein regulation and increasing evidence
suggests that the pannexin family may serve as downstream
targets for S-nitrosylation. Indeed, Panx1l was recently demon-
strated to be modified by S-nitrosylation at 2 specific cysteine
residues, resulting in functional inhibition of channel currents
and ATP release into the extracellular milieu.”” Here we show
that like Panx1, Panx3 can also be modified by S-nitrosylation,
while Panx2 appears to be resistant to NO-mediated modifi-
cation. Future studies will be instrumental in determining the
specific functional impact of S-nitrosylation of Panx3 and the
physiological context in which this modification may be rel-
evant. Panx3 has been implicated in a number of cellular pro-
cesses including its involvement in the regulation of keratinocyte
and chondrocyte proliferation and differentiation, participation
in Ca** leak from the endoplasmic reticulum and the promotion
of bone development.”®*3¢ The participation of NO signaling
events in a number of these processes has also been well docu-
mented. For example, NO promotes bone and cartilage develop-
ment by influencing osteoblast and chondrocyte differentiation,
processes that are influenced by activation of Panx3 channels
at the plasma membrane and ER.?7%® In this context, targeted
S-nitrosylation of Panx3 in these cells may serve as an impor-
tant regulatory element controlling cell growth and differentia-
tion. In addition, keratinocytes are stimulated to proliferate in
low NO while prompted to differentiate in high NO.**%° In these
same cells, Panx] and Panx3 act to suppress proliferation and
augment differentiation.”*' Concurrently, the ability of Panxl
and Panx3 to be modified by S-nitrosylation may serve a role in
regulating the activity or localization of these 2 pannexins during
skin development and wound repair. These provocative observa-
tions may place the pannexin family at the heart of a number
of NO-mediated responses, providing novel targets for clinical
intervention.

In summary, our findings suggest that there is much diversity
in the way all 3 pannexins are post-translationally modified, and
these modifications may significantly modulate pannexin chan-
nel function and their roles in health and disease.

Materials and Methods

Ectopic expression

Transfections were completed as described by Penuela et al.®
Briefly, human embryonic kidney 293T (HEK-293T or 293T)
cells were cultured in 100-mm petri dishes and 35-mm petri

dishes. Cells were cultured in high-glucose Dulbecco’s modified
eagle medium (DMEM), with 10% Fetal Bovine Serum (FBS),
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2 mM L-glutamine, 100 units/ml penicillin G, and 100 pg/ml
streptomycin. At 50-75% confluency, cells were transfected in
Opti-MEM1 medium with Lipofectamine2000 (Invitrogen) and
5 pg of GFP tagged or untagged Panxl, 2, or 3 plasmid DNA for
4 h at 37 °C. Opti-MEMI with Lipofectamine2000 was aspi-
rated and replaced with culture media. After 48 h, proteins were
extracted with Triton-based extraction buffer [1% Triton X-100,
150 mM NaCl, 10 mM Tris, 1 mM EDTA, 1 mM EGTA, 0.5%
NP-40, 100 mM NaF, 100 mM Na,VO,, and ProteoGuard 1X
EDTA-free proteinase inhibitor (Clonetech)]. Total protein con-
centrations were quantified by bicinchoninic acid (BCA) assay
after protein extraction (Thermo Scientific Pierce BCA protein
assay kit). Protein expression was assessed by western blot.

De-glycosylation

Total cell lysates were processed for sequential de-glycosyl-
ation using the “Enzymatic de-glycosylation kit” from ProZyme/
Glyko following the manufacturer’s instructions. In brief, a
denaturation protocol was performed using 100 pg of total pro-
tein heated in denaturation buffer solution for 5 min at 100 °C.
PNGase, Sialidase A, and O-glycanase (1 pl of each enzyme)
were added to different aliquots of total lysate in different combi-
nations and incubated for 3 h at 37 °C, followed by western blot
analysis (see below). Fetuin protein extract was used as positive
control and visualized after enzymatic digestion using a Sypro-
stained gel. Gels were scanned with a BIO-RAD UV scanner and
images analyzed using QuantityOne software.

Western blot

Total protein was resolved by 8% sodium dodecyl sulfate PAGE
(SDS-PAGE) and resolved proteins transferred to nitrocellulose
membranes as described earlier.’* Membranes were blocked with
3% Bovine Serum Albumin (BSA) in 0.05% Tween-Phosphate
Buffer Saline (T-PBS) for 45 min and probed overnight with
affinity purified anti-Panxl1, -Panx2, and -Panx3 carboxyl-termi-
nal antibodies at 4 °C. Panx1-CT-395, and Panx3-CT-379 anti-
bodies were previously reported by Penuela et al.® Panx2-CT-523
antibody, from epitope GTKKAKTEAVPPALPASRS was cus-
tom-made by GeneMed Synthesis. Dilutions of antibodies in 3%
BSA in 0.05% T-PBS were as follows: Panx1-CT (0.2 pg/ml),
Panx2-CT (0.5 pg/ml), and Panx3-CT (0.2 pg/ml). After sev-
eral washes with T-PBS, membranes were probed with anti-rab-
bit Alexa-Fluor-680 secondary antibody (1:10000; Invitrogen)
diluted in 3% BSA in 0.05% T-PBS for 45 min and scanned by
an Odyssey imaging system (Li-Cor Biotechnology).

Immunoprecipitation

Equal amounts of protein lysates (500g) were incubated
overnight in 1X immunoprecipitation (IP) buffer [1% Triton
X-100, 150 mM NaCl, 10 mM Tris, 1 mM EDTA, 1 mM
EGTA, 0.5% NP-40,100 mM NaF, and 100 mM Na VO,] at
4 °C with 5 pg of C-terminal (CT) anti-Panxl, -Panx2, and
-Panx3 antibodies. Protein-antibody complexes were then incu-
bated for 2 h at 4 °C with Protein A-agarose beads (Pierce) with
gentle agitation. Beads were centrifuged at 4500 rpm for 2 min
and washed 4 times with 1X IP buffer. Beads were then dried
and resuspended in 2X Laemmli loading buffer, boiled for 5
min, and the eluates were processed by western blot as previ-
ously described.
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Cell-free caspase assay

Caspase buffer was prepared as described by Stennicke
et al.*> and caspase assays were conducted as described by
Stennicke and Salvesen.” Pannexin proteins were isolated by
IP using C-terminus antibodies for all 3 pannexins as described
above. Beads were washed twice with 500 wl of 1X IP buffer,
and 2 times with 1X caspase assay buffer. The beads were
resuspended in 250 pl of 2X caspase assay buffer contain-
ing 20 mM dithiothreitol (DTT) and preheated at 37 °C for
15 min to optimize enzymatic reactions. Activated caspase 3
and caspase 7 (500 nM) generated as described by Duncan
et al.* were incubated with the preheated mixture at 37 °C for
1 h. Samples were centrifuged (4500 rpm for 2 min) washed 2
times with 1X caspase assay buffer, mixed with 2X Laemmli
loading buffer, boiled for 5 min, and western blotted. Blots were
probed with C-terminal antibodies, washed, and probed with
secondary antibodies to verify the presence of caspase cleavage
as described above.

Cell-free exogenous caspase cleavage assay of GFP-tagged
pannexin proteins with Z-VAD-OMe-FMK (Z-VAD) controls
were done with proteins isolated by immunoprecipitation with
Panx-CT antibodies and treated with buffer only, exogenous cas-
pase 3 (500 nM), or both exogenous caspase 3 (500 nM) and
pan-caspase inhibitor Z-VAD-OMe-FMK (50 pM, Millipore),
and processed as described above.

Biotin switch assay

The biotin switch assay for assessment of pannexin
S-nitrosylation was performed as described previously.”*® In
brief, HEK-293T cells were transfected with plasmids encod-
ing murine Panxl, Panx2, or Panx3 using Lipofectamine 2000
(Invitrogen) as per the manufacturer’s protocol. Following

48 h of culture, cells monolayers were treated with 100 pM
S-nitrosoglutathione (GSNO) or vehicle for 10 min at 37 °C.
Cells were then washed twice with 1x PBS and lysed in RIPA
buffer containing protease inhibitors. Cell lysates were subjected
to the Bradford assay for quantification of total protein. Three-
hundred micrograms of total protein was precipitated for each
sample by the addition of acetone and incubated at -20 °C for 30
min followed by centrifugation for 5 min at 10000 x g to pellet
precipitated proteins. Protein pellets were resuspended and non-
modified cysteine residues were blocked with NEM for 20 min
at 50 °C. Following an additional acetone precipitation to remove
unreacted NEM, protein samples were treated with 1 mM ascor-
bate to reduce S-nitrosylated cysteine residues, and these reduced
cysteines were biotinylated with EZ-link HPDP-Biotin (Thermo
Scientific) for 1 h at room temperature. Biotinylated proteins were
then precipitated by incubation with streptavidin-agarose beads
(Sigma) for 1 h at room temperature and subjected to SDS PAGE
and western blotting using primary antibodies against Panxl,
Panx2, or Panx3.¢ As a negative control, ascorbate was omitted
from the assay, which prevents reduction of S-nitrosothiols and
subsequent biotinylation. In some experiments, transfected cells
were treated with GSNO followed by 1 mM DTT to reverse cys-
teine modifications.
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