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Abstract

O-GIcNAcylation is a modification that alters the function of numerous proteins. We hypothesized that augmented O-
GlIcNAcylation levels enhance myosin light chain kinase (MLCK) and reduce myosin light chain phosphatase (MLCP) activity,
leading to increased vascular contractile responsiveness. The vascular responses were measured by isometric force
displacement. Thoracic aorta and vascular smooth muscle cells (VSMCs) from rats were incubated with vehicle or with
PugNAc, which increases O-GlcNAcylation. In addition, we determined whether proteins that play an important role in the
regulation of MLCK and MLCP activity are directly affected by O-GlcNAcylation. PugNAc enhanced phenylephrine (PE)
responses in rat aortas (maximal effect, 14.2+2 vs 7.9+ 1 mN for vehicle, n=7). Treatment with an MLCP inhibitor (calyculin
A) augmented vascular responses to PE (13.4 =2 mN) and abolished the differences in PE-response between the groups. The
effect of PugNAc was not observed when vessels were preincubated with ML-9, an MLCK inhibitor (7.3+2 vs 7.5+2 mN for
vehicle, n=5). Furthermore, our data showed that differences in the PE-induced contractile response between the groups were
abolished by the activator of AMP-activated protein kinase (AICAR; 6.1+2 vs 7.4 £2 mN for vehicle, n=>5). PugNAc increased
phosphorylation of myosin phosphatase target subunit 1 (MYPT-1) and protein kinase C-potentiated inhibitor protein of 17 kDa
(CPI-17), which are involved in RhoA/Rho-kinase-mediated inhibition of myosin phosphatase activity. PugNAc incubation
produced a time-dependent increase in vascular phosphorylation of myosin light chain and decreased phosphorylation levels of
AMP-activated protein kinase, which decreased the affinity of MLCK for Ca®*/calmodulin. Our data suggest that proteins that
play an important role in the regulation of MLCK and MLCP activity are directly affected by O-GlcNAcylation, favoring vascular
contraction.
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Introduction

Vascular smooth muscle cells (VSMCs) are highly
specialized cells that regulate blood flow to all tissues and
organs through contraction and relaxation. A variety of
contractile proteins, ion channels and signaling molecules
regulate contraction of VSMCs, but the phosphorylation/
dephosphorylation of myosin light chain (MLC) is a key
event in the regulation of smooth muscle contraction. The
binding of calcium (Ca2™) by calmodulin activates smooth
muscle myosin light chain kinase (MLCK) by inducing a
conformational change that allows MLCK to phosphorylate

the 20-kDa regulatory MLC at serine (1,2). Furthermore,
Ca?*-dependent phosphorylation of MLC is followed by a
Rho-kinase-mediated Ca®* sensitization process, which
maintains the contracted state of VSMCs by inhibiting MLC
phosphatase (MLCP) activity via phosphorylation of the
MLCP target subunit (MYPT-1) (2-4).

The phosphorylation state of MLC depends on the
balance between MLCK, which phosphorylates MLC
leading to smooth muscle cell contraction, and MLCP,
which dephosphorylates MLC, resulting in smooth muscle
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cell relaxation. Therefore, a perfect balance between
MLCK and MLCP is critical to modulate VSMCs function,
and a disruption in these dynamic processes frequently
results in vascular dysfunction (2-4).

Horman et al. (1) have shown that phosphorylation of
AMP-activated protein kinase (AMPK), an energy sensor
at both the cellular and systemic levels in mammals,
decreases the affinity of MLCK for Ca2™ /calmodulin. They
also showed that aortic rings of a1-AMPK knockout mice
displayed an increased contractility in response to high
potassium (K*) concentration, as well as to phenyleph-
rine (PE), suggesting that AMPK attenuates contraction
by phosphorylating and inactivating MLCK. In addition to
the Ca“-dependent activation of MLCK, the state of MLC
phosphorylation is further regulated by MLCP, which is
also known as myosin phosphatase (5).

Rho kinase has been shown to phosphorylate MYPT-1
at Thr®%, which decreases its phosphatase activity (6),
leading to increases in MLC phosphorylation and force
development (7). Furthermore, protein kinase C-potentiated
inhibitor protein of 17 kDa (CPI-17) can be phosphorylated
by protein kinase C (PKC) (5,8) and by Rho kinase (9).
When phosphorylated, CPI-17 also inhibits MLC phospha-
tase activity, prolonging or enhancing smooth muscle
contraction (2,9).

Numerous proteins, including kinases and phospha-
tases, have been identified as targets of O-GIcNAc
modification — that is, the O-linked attachment of N-acetyl-
glucosamine (O-GIcNAc) to serine and threonine residues
of nuclear and cytoplasmic proteins (10-12). This highly
dynamic post-translational modification plays a key role in
signal transduction pathways; and key contractile proteins,
such as myosin heavy chain, actin and MLC also have been
shown to be modified by O-GIcNAc in slow and fast skeletal
muscle, as well as in VSMCs (11,13,14).

Recent evidence from our laboratory (11,12,15) sug-
gests that endothelin-1 (ET-1) increases O-GIcNAcylation
levels in VSMCs, resulting in increased RhoA/Rho kinase
activation and consequent augmentation of vascular
reactivity to constrictor stimuli. However, a specific role of
O-GlIcNAcylation on vascular MLC, along with the activa-
tion of other components of the RhoA/Rho kinase pathway
by O-GIcNAcylation, was not assessed.

Considering that phosphorylation of MLC is a key event
in VSMC contraction (4,9) and that kinases and phospha-
tases have been identified as targets of O-GIcNAc
modification (11), we hypothesized that augmented O-
GlcNAcylation levels enhance MLCK and reduce MLCP
activity, leading to increased vascular contractile respon-
siveness.

To address our hypothesis, we used a pharmacological
approach to increase O-GIcNAcylation by exposing vascular
smooth muscle tissue to O-(2-acetamido-2-deoxy-D-gluco-
pyranosylidene) amino-N-phenylcarbamate — referred to as
PugNAc — which blocks O-GIcNAcase activity by mimicking
the enzyme-stabilized transition state (16-18). We also
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determined whether proteins that play an important role in
the regulation of MLCK and MLCP activity are directly
affected by O-GlcNAcylation.

Materials and Methods

Animals

Male Wistar rats (8-10 weeks-old, 230-250 g; Harlan
Laboratories, USA) were used in this study. All procedures
were performed in accordance with the Guiding Principles
in the Care and Use of Animals, approved by the Georgia
Health Sciences University Committee on the Use of
Animals in Research and Education and in accordance
with the Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health. The
animals were maintained on a 12-h light/dark cycle and fed
a standard chow diet with water ad libitum.

Vascular functional studies

After euthanasia, the thoracic aorta was removed and
cleaned of fat tissue in an ice-cold physiological salt solution,
containing 130 mM NaCl, 14.9 mM NaHCOj;, 4.7 mM
KCl, 1.18 mM KH,POy,, 1.18 mM MgSQO,-7H,0, 1.56 mM
CaCl,-2H,0, 0.026 MM EDTA, and 5.5 mM glucose.
Endothelium was removed and arterial segments were
incubated in Eagle’s minimum essential medium containing
1% L-glutamine, 10% fetal bovine serum (FBS), 0.5%
penicillin and streptomycin, and incubated with vehicle
(10 uL/mL methanol) or 100 uM PugNAc for 24 h. Follow-
ing incubation, thoracic aortas (4 mm in length) were
carefully mounted as ring preparations in standard organ
chambers for recording of isometric tension by a PowerlLab
8/SP data acquisition system (ADInstruments Pty Ltd.,
Australia). Tissues were immersed in solutions that were
continuously bubbled with a mix of 95% O, and 5% CO, and
were maintained at 37°C, under a resting tension of 30 mN.
After a 60-min equilibration period, aorta integrity was
assessed first by stimulation of vessels with a solution high
in potassium chloride (120 mM KCl); and, after washing and
a new stabilization period, the absence of the endothelium
was verified by contracting the segments with 1 uM PE
followed by stimulation with 10 uM acetylcholine.

Concentration-responses to 1 nM to 100 uM PE were
measured in the presence and absence, for 40 min, of:
10 uL/mL methanol (vehicle for PugNAc), 0.5 puL/mL
dimethylsulfoxide (DMSO, vehicle for AICAR and ML-9),
an MLCP inhibitor (10 nM calyculin A), a selective Ca®*
-calmodulin-dependent MLCK inhibitor (1 uM ML-9), or 5-
aminoimidazole-4-carboxamide-1-B-D-ribofuranoside
(20 mM AICAR), a pharmacological activator of AMPK.
Response curves were calculated in each case.

VSMCs isolation and culture

VSMCs were isolated from rat thoracic aortas by
explantation, as previously described (19). Cultures were
maintained in Dulbecco’s modified Eagle’s medium
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(Gibco-BRL, USA) supplemented with 10% FBS
(Invitrogen, USA). Only fourth-passage cells were used.
Immunoreactivity assays were used to characterize the
VSMCs and to confirm the absence of other cell types in
the cultures. The cells expressed a-smooth muscle actin
and calponin, which are contractile proteins indicative of
VSMCs. No positive immunoreactivity to von Willebrand
factor VIIl or CD31 (PECAM-1), which are markers of
endothelial cells, was detected (data not shown).

After reaching maximum confluence, and 24 h after
removal of serum, cells were incubated with vehicle
(methanol) or 100 pM PugNAc (for 15 or 30 min, or 1, 6,
or 24 h).

Western blot analysis

Proteins (60 ug) extracted from aortas or VSMCs were
separated by electrophoresis on 10% polyacrylamide gels
and transferred to nitrocellulose membranes. Nonspecific
binding sites were blocked with 5% skim milk in Tris-buffered
saline solution with 10% Tween for 1 h at 24°C. Membranes
were then incubated with antibodies overnight at 4°C. Anti-
O-GIcNAc (CTD 110.6, 1:2000; Pierce Biotechnology,
USA), anti-AMPK (#80039, 1:1000; Abcam, USA), anti-
protein kinase CPI-17 (#32213, 1:1000; Abcam, USA),
anti-MYPT-1 (#2634), anti-rho-kinase (ROCK)-o (#8236),
anti-ROCK-B (#4035), anti-MLC (#8505) and anti-RhoA
(#2117) (all 1:1000; Cell Signaling, USA, or BD Biosciences
Transduction Laboratories, USA) were used. Immunoblots
for nonphosphoproteins were carried out on the same
membranes used to evaluate the phosphorylated (phospho-)
forms: phospho-MYPT-1 (Thr®®®), phospho-CPI-17
(Thr®®), phospho-MLC (Thr'®/Ser'®), and phospho-AMPK
(Thr'"?), (1:500; Cell Signaling, USA). After incubation with
secondary antibodies, signals were developed for chemi-
luminescence, visualized by autoradiography, and quanti-
fied densitometrically. Results were normalized to beta-
actin protein (#A5316, 1:10000; Sigma-Aldrich, Inc., USA),
or to the total form of each phosphorylated protein, and
reported as arbitrary units.

Data analysis

The results are reported as means + SE for the number
of animals (n) used in the experiments. Contractions were
recorded as changes in the displacement (mN) from
baseline. Concentration-response curves were fitted using
a nonlinear interactive fitting program (Graph Pad Prism
5.0; GraphPad Software Inc., USA) for two pharmacologi-
cal parameters, the maximal effect (E,ax) generated by the
agonist, and —log ECs (pDs). Statistical analyses of Eax
or pD, values were performed using one-way ANOVA or
the Student f-test. Post hoc comparisons were performed
using the Newman-Keuls test. Western blot data were
analyzed by one-sample f-tests and P values were
computed from the t-ratio and the numbers of degrees of
freedom. Values of P<0.05 were considered to be
statistically significant.
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Figure 1. Calyculin A and PugNAc augment vascular reactivity to
phenylephrine (PE). PugNAc and calyculin A produced similar
increases in vascular contraction induced by PE in rat thoracic
aorta (A) and co-incubation did not modify this response (B). Data
are reported as means+SE (n=7). *P<0.05 vs vehicle (10 pL/
mL methanol, vehicle to PugNAc, or 0.5 uL/mL DMSO, vehicle to
calyculin A) (one-way ANOVA).

Results

Vascular contraction in response to the alpha 1-
adrenergic receptor agonist, PE, was augmented in rat
aortas incubated with PugNAc. In addition, treatment of
aortic segments with MLCP inhibitor (10 nM calyculin A)
augmented the contractile response to PE, with contrac-
tile levels comparable to those induced by PugNAc
(Figure 1A). No differences were observed in vascular
reactivity to PE between aortas treated with PugNAc or
calyculin A, and coincubation with both drugs did not
further increase the contractile responses (Figure 1B).

Since MLCK, which phosphorylates MLC leading to
VSMC contraction, is a substrate for AMPK, we decided
to evaluate the vascular effect of PugNAc in the presence
of MLCK inhibitor (ML-9) or with the activator of AMPK
(AICAR). The effect of PugNAc was not observed when
vessels were previously incubated with ML-9 (Figure 2A).
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Figure 2. ML-9 and AICAR incubation abolished the differences
between the groups. The effect of PugNAc was not observed
when vessels were previously incubated with myosin light chain
kinase inhibitor (ML-9) (A) or with an AMPK activator (AICAR)
(B). Treatment with ML-9 or AICAR, itself, did not modify PE-
induced contractile response. Data are reported as means + SE
(n=5-7). *P<0.05 vs vehicle (10 uL/mL methanol, vehicle to
PugNAc, or 0.5 uL/mL DMSO, vehicle to ML-9 and AICAR) (one-
way ANOVA).
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Figure 3. PugNAc increased expressions of phospho-CPI-17 (Thr®®), phospho-MYPT-1 (Thr®®%), phospho-MLC (Thr'8/Ser'®) and
RhoA in rat aorta. PugNAc incubation did not change expression of total CPI-17 (A), MYPT-1 (B), or MLC (C), but increased expression
of the phosphorylated forms of CPI-17 (Thr*®) (A), MYPT-1 (Thr®%%) (B), MLC (Thr'8/Ser'®) (C), and RhoA expression (D). Data are
reported as means =+ SE of the relative expression of phosphorylated forms of CPI-17 (Thr8), MYPT-1 (Thr®%), and MLC (Thr'8/Ser'®)
after normalization to the corresponding total protein expression (A, B, C) or the relative expression of RhoA after normalization to
B-actin expression (D) (n=6). *P<0.05 vs vehicle (10 uL/mL methanol, vehicle to PugNAc) (Student t-test).

Furthermore, our data showed that differences in the PE-
induced contractile response between the groups were
abolished with AICAR treatment (Figure 2B).

Considering that O-GlcNAcylation is a highly dynamic
post-translational modification that plays a key role in
signal transduction pathways, we determined whether
PugNAc changes the expression and activity (indicated by
phosphorylation levels) of proteins that are involved in the
regulation of MLCK and MLCP activity.

Our data showed that incubation of aortic segments with
PugNAc did not change expression of ROCK-o, ROCK-f
(data not shown), total CPI-17 (Figure 3A), or total MYPT-1
(Figure 3B). However, PugNAc increased expression of the
phosphorylated forms of MYPT-1 (Thr®®) and CPI-17
(Thr®8), which are directly involved in RhoA/ROCK-mediated
inhibition of myosin phosphatase. Furthermore, PugNAc
incubation also augmented phosphorylation levels of MLC
(Thr'®/Ser'®) (Figure 3C), which correlate with smooth
muscle contraction. In addition, our data showed that
RhoA expression in rat aortas was increased by PugNAc
(Figure 3D).

In order to better determine whether PugNAc elicits
changes in phosphorylation levels of MLC (Thr'®/Ser), rat
aortic VSMCs were exposed to PugNAc at various times.
PugNAc produced a time-dependent increase in phos-
phorylated MLC (Thr'®/Ser'®) in VSMCs (Figure 4). The
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Figure 4. PugNAc-incubation produces a time-dependent increase
in expression of phosphorylated myosin light chain (MLC) in
vascular smooth muscle cells (VSMCs). VSMCs cultured from rat
thoracic aortas were incubated with PugNAc at different times (15,
30 min, 1, 6, or 24 h). Western blot analysis was performed to
evaluate expression of phosphorylated MLC in comparison to
VSMCs that were incubated with vehicle (methanol, for 24 h). Data
are reported as means+SE of the relative expression of the
phosphorylated form of MLC (Thr'8/Ser"®) after normalization to the
corresponding total protein expression (n=6). *P<<0.05 vs vehicle
(10 puL/mL methanol, vehicle to PugNAc) (Student t-test).
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Figure 5. PugNAc incubation produced a time-dependent decrease in phosphorylated levels of AMP-activated protein kinase (AMPK).
Vascular smooth muscle cells (VSMCs) cultured from rat thoracic aortas were incubated with PugNAc at different times (15, 30 min, 1,
6 or 24 h). Western blot analysis was performed to evaluate expression of phosphorylated AMPK in comparison to VSMCs that were
incubated with vehicle (methanol, for 24 h) (A). Thoracic aortas incubated with PugNAc for 24 h also decreased phosphorylation levels
of AMPK compared to aortas treated with vehicle (24 h) (B). Data are reported as means =+ SE of the relative expression of the
phosphorylated form of AMPK (Thr'7?) after normalization to the corresponding total protein expression (n=6). *P<0.05 vs vehicle

(10 pL/mL methanol, vehicle to PugNAc) (Student t-test).

greatest effect on phosphorylation levels of MLC (Thr'®/
Ser'®) by PugNAc was observed at 24 h. Interestingly,
PugNAc incubation produced a time-dependent decrease
in levels of phosphorylated AMPK (Thr'"?) in VSMCs
(Figure 5A). In addition, as shown in Figure 5B, incubation
of aortas with PugNAc for 24 h decreased phosphorylation
levels of AMPK compared with aortas treated with vehicle.
This result suggested that augmented O-GIcNAcylation
increased vascular reactivity to constrictor stimuli, due
possibly in part to its effects on AMPK, and consequently
this increased MLCK activity.

Discussion

O-GlIcNAcylation is an innovative way to think about
signaling events both in physiological conditions and in
disease states. O-GIcNAc cycling in proteins is con-
trolled by two highly conserved enzymes, O-GIcNAc
transferase (OGT, or uridine diphospho-N-acetylglucosa-
mine: polypeptide B-N-acetylglucosaminyl transferase;
UDP-NAc transferase), and B-N-acetylglucosaminidase
(O-GIcNAcase). Whereas OGT catalyzes the addition of
O-GIcNAc to the hydroxyl group of serine or threonine
residues of a target protein, O-GlcNAcase catalyzes the
hydrolytic cleavage of O-GIcNAc from post-translationally
modified proteins (10,12,14,18). Accordingly, PugNAc, an
inhibitor of O-GIcNAcase, significantly increased the
content of O-GIcNAc proteins in arteries from Wistar rats
(10-12,15,18,20,21).

This post-translational modification interferes with
vascular processes, mainly vascular reactivity, under
conditions where ET-1 levels are augmented (e.g., salt-
sensitive hypertension, ischemia/reperfusion, and stroke)
(12,20). Recent evidence from our laboratory suggests
that ET-1 increases O-GIcNAcylation levels in VSMCs,
which leads to augmented RhoA/Rho kinase activation,
consequently increasing vascular reactivity to constrictor
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stimuli (11). Although it is known that augmented O-
GlcNAcylation increases vascular reactivity to constrictor
stimuli, there is a paucity of information on the vascular
effects of O-GlcNAcylation, especially whether this post-
translational modification directly alters MLC function.

We have previously demonstrated that PugNAc incuba-
tion, which increased vascular content of O-GIcNAc-pro-
teins, augments responses to contractile stimuli (10,15,20).
Our data show that calyculin A, an MLCP inhibitor, mimics
PugNAc effects on vascular reactivity. In addition, calyculin A
incubation had a minor and nonsignificant effect on arteries
incubated with PugNAc. Based on these observations, one
may speculate that elevated levels of O-GIcNAc augment
vascular reactivity to constrictor stimuli via a decrease in
MLCP activity, thereby contributing to phosphorylation of
MLC and a contracted state of VSMCs.

Considering that calyculin A effects on PE reactivity
were not observed in the presence of PugNAc, we
determined whether increased levels of O-GlcNAcylation
modify the proteins that regulate MLCP activity.

Rho-kinase is a serinefthreonine protein kinase that
contains an N-terminal catalytic kinase domain. As men-
tioned, the small G protein RhoA and its downstream target
Rho kinase play an important role in the regulation of MLCP
activity (4,22). We observed that increased vascular O-
GlcNAc levels by PugNAc augmented phosphorylation of
CPI-17 and RhoA expression, whereas expression of Rho-
kinase isoforms was unchanged. A study by Wang et al. (23)
reported that silencing of both ROCK isoforms leads to
reduced MYPT-1 and MLC phosphorylation. On the other
hand, functional studies have demonstrated that CPI-17 can
be phosphorylated by PKC as well as by Rho-kinase. PKC
phosphorylates CPI-17, which then inhibits MLCP, increas-
ing MLC phosphorylation and enhancing vascular smooth
muscle contraction (9,24,25). Interestingly, immunoprecipi-
tation assays in vascular segments have shown that
different PKC isoforms, including PKC-a, -Bll, and -¢, are
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targets for O-GIcNAc modification (18). Together, these
results suggest that increased vascular O-GIcNAcylation
potentiates the activation of PKC, which may contribute to
augmented phosphorylation levels of CPI-17.

Several recent studies suggest a role for additional
regulators of MLCK and MLCP (26,27). Similar to CPI-17,
Rho-kinase was first identified to phosphorylate MYPT-1,
inhibiting its activity. Later, many kinases were found to
phosphorylate MYPT-1, thus promoting the phosphoryl-
ated state of MLC (4,9). Our data showed that PugNAc
increased the expression of phosphorylated MYPT-1.
Accordingly, Cheung et al. (28) have shown that changes
in protein activity, such as MYPT-1, as well as changes in
cell physiology, are associated with transient and dra-
matic alterations in O-GIlcNAcylation levels (28,29).

The calmodulin-dependent protein kinase promotes
VSMC relaxation by decreasing the sensitivity of MLCK
for Ca?* (4). AMPK is activated by phosphorylation of
Thr'"2 in a number of physiological and pathological states
in which an increase in the AMP/ATP ratio occurs in the cell
(30,31). It has been shown that AMPK, when phosphoryl-
ated, decreased the affinity of MLCK for Ca®* /calmodulin
(1). Our data showed that the effect of PugNAc was not
observed when vessels were pre-incubated with ML-9. In
addition, treatment with an AMPK activator augmented
vascular responses to PE and abolished the differences in
PE-response between the groups. Furthermore, PugNAc
incubation produced a time-dependent decrease in phos-
phorylated levels of AMPK (Thr'"2) in VSMCs. Interestingly,
the greatest effect on phosphorylation levels of MLC by
PugNAc was correlated with decreased AMPK phosphor-
ylation by PugNAc. These results suggest that increased
vascular O-GlcNAcylation attenuates phosphorylated forms
of AMPK, allowing the MLC to remain phosphorylated,
thereby promoting contraction.

One potential mechanism by which O-GIcNAcylation
may change protein activity includes the complex interplay
between O-GIcNAcylation and phosphorylation (32). O-
GIcNAc is similar to protein phosphorylation (O-phosphate
attachment); both modifications occur on serine and
threonine residues, both are dynamically added and
removed from proteins in response to cellular signals,
and both alter the function and association of the modified
protein (18,33).

As mentioned, VSMC contraction is principally regu-
lated by Ca?*-calmodulin-activated MLC phosphorylation,
which enables the molecular interaction of myosin with
actin (4,34). We observed that increased O-GIcNAc levels
augmented phosphorylation of MLC (Thr'®/Ser'®) and that
PugNAc incubation changed expression of the phosphoryl-
ated forms of MYPT-1 (Thr®%3), and AMPK (Thr*®), which
are directly involved in the inhibition of myosin phosphatase
and myosin kinase, respectively. Thus, we speculate that
an imbalance between phosphorylation/O-GIcNAcylation
may alter phosphorylation levels of proteins that play an
important role in the regulation of MLCK and MLCP activity,
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prolonging phosphorylated MLC levels and maintaining
muscle contraction.

The cross-talk between O-GIcNAcylation and phos-
phorylation may occur by steric competition (35). For
example, increased O-GIcNAc modification of endothelial
nitric oxide synthase (eNOS) is associated with decreased
phosphorylation of eNOS at Ser'"”” (eNOS- Ser''") and
decreased eNOS activity (10,36). The steric competition
between phosphorylation and O-GIcNAcylation occurring
in eNOS is an example of competition that is occurring in
the same site of occupancy. However, in other proteins, the
competition occurs in proximal or distant sites (35), such as
that observed in the tumor suppressor p53 (37).

Several specific kinases and phosphatases, encoded
by distinct genes, regulate phosphorylation. In contrast,
and as previously discussed, O-GlcNAcylation is con-
trolled exclusively by two enzymes, OGT and O-
GlcNAcase that are encoded in animals by a single highly
conserved gene (35). The interplay between O-GIcNAc
and O-phosphate is also underscored by interaction
between enzymes that regulate these two post-transla-
tional modifications. Few studies have determined the
effects of kinase and phosphatase inhibitors on the levels
of O-GIcNAc of specific proteins (38). Furthermore, Wells
et al. (39) have shown that OGT and protein phosphatase
1 (PP1c) B and v exist together in a complex. As OGT, O-
GIcNAcase has been shown to interact with specific
proteins, including protein phosphatase-2B (40).
Interestingly, the binding of MYPT-1 to PP1c inhibits the
enzymatic activity of MLCP, allowing MLC to remain
phosphorylated, thereby promoting contraction (4). In
addition, the small protein CPI-17 also binds to the
catalytic subunit of MLC phosphatase (PP1c) to inhibit the
enzyme’s activity (4,9). Together, these results suggest
that interplay between O-GIcNAc and O-phosphate may
alter actin-myosin interactions and myosin assembly, and
may therefore favor vascular contraction.

The major finding of this study was that augmented
O-GIcNAc modification seemed to compromise AMPK
activation in vascular smooth muscle, favoring the
activity of MLCK and augmenting vascular responses
to contractile stimuli. In addition, increased O-GIcNAc in
key proteins of the RhoA-Rho kinase pathway seems to
augment the activation of this Ca®* sensitization path-
way, contributing to greater contractile responsiveness.
We speculate that an imbalance between phosphoryla-
tion/O-GIcNAcylation may alter actin-myosin interac-
tions and modify myosin assembly, favoring vascular
contraction.
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