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ARTICLE INFO ABSTRACT

Keywords: Acute lung injury (ALI), a devastating illness induced by systemic inflammation e.g., sepsis or local lung
R?ﬂ . inflammation e.g., COVID-19 mediated severe pneumonia, has an unacceptably high mortality and has no
E[l)tsratlon effective therapy. ALI is associated with increased pulmonary microvascular hyperpermeability and alveolar

flooding. The small Rho GTPases, RhoA and Racl are central regulators of vascular permeability through
cytoskeleton rearrangements. RhoA and Racl have opposing functional outcome: RhoA induces an endothelial
contractile phenotype and barrier disruption, while Racl stabilizes endothelial junctions and increases barrier
integrity. In ALL, RhoA activity is increased while Rac1 activity is reduced. We have shown that the activation of
RhoA in lipopolysaccharide (LPS)-mediated ALI, is dependent, at least in part, on a single nitration event at
tyrosine (Y)3*. Thus, the purpose of this study was to determine if the inhibition of Racl is also dependent on its
nitration. Our data show that Racl inhibition by LPS is associated with its nitration that mass spectrometry
identified as Y32, within the switch I region adjacent to the nucleotide-binding site. Using a molecular modeling
approach, we designed a nitration shielding peptide for Rac1, designated NipR2 (nitration inhibitor peptide for
the Rho GTPases 2), which attenuated the LPS-induced nitration of Racl at Y32, preserves Racl activity and
attenuates the LPS-mediated disruption of the endothelial barrier in human lung microvascular endothelial cells
(HLMVEC). Using a murine model of ALI induced by intratracheal installation of LPS we found that NipR2
successfully prevented Racl nitration and Racl inhibition, and more importantly attenuated pulmonary
inflammation, reduced lung injury and prevented the loss of lung function. Together, our data identify a new
post-translational mechanism of Racl inhibition through its nitration at Y32, As NipR2 also reduces sepsis
induced ALI in the mouse lung, we conclude that Racl nitration is a therapeutic target in ALL

Acute lung injury

1. Introduction respiratory insufficiency from pulmonary edema [2]. The acute lung

inflammation and increased vascular hyperpermeability associated with

The current pandemic of COVID-19 has caused over a hundred and
sixty thousand deaths in USA, mainly due to a severe form of lung
inflammation and edema, called acute lung injury (ALI) or its severe
form acute respiratory distress syndrome (ARDS) [1]. ALI and ARDS
represent the same disease spectrum characterized by hypoxemic

ALI can be caused by systemic inflammation such as sepsis, or lung
inflammation such as severe pneumonia induced by COVID-19 or other
bacteria or viruses [3]. Besides supportive care with low tidal volume
mechanical ventilation, general anti-inflammatory steroids, and extra-
corporeal membrane oxygenation (ECMO) in the intensive care unit
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(ICU), there are no specific drug therapies for ALI/ARDS, which still has
an unacceptably high mortality of ~30% [4]. Thus, a devastating de-
mand for effective therapies for ALI/ARDS exists.

A leading cause of ALI/ARDS is the excessive release of endotoxin or
lipopolysaccharide (LPS) from the outer membrane of gram-negative
bacteria, during sepsis [5]. The subsequent disruption of the microvas-
cular capillary integrity leads to endothelial hyperpermeability and
alveolar flooding. This leads to an accumulation of protein rich fluid in
the alveolar space, impairing gas exchange, and precipitating respira-
tory distress [1]. LPS-mediated vascular bed integrity disruption is
complex, although oxidative and nitrative stress is one of the leading
pathobiological mechanisms associated with endothelial barrier
disruption [6]. LPS induces overproduction of nitric oxide (NO) and
superoxide in endothelial cells. These two hyper-reactive radicals form
peroxynitrite and subsequently protein nitration [7,8]. Cellular protein
nitration, similar to phosphorylation, can alter the structure and func-
tion of specific proteins, through its interaction with the aromatic ring of
tyrosine residues [9]. Extensive evidence suggests that protein nitration
is implicated in the pathogenesis of a number of diseases [10-13]. In a
murine model of LPS induced acute lung injury, we have previously
shown that a peroxynitrite scavenging strategy decreases lung edema,
implicating protein nitration in the progression of ALI [8].

Endothelial barrier regulation is dependent on cytoskeleton rear-
rangements [14]. The small GTPases of the Rho protein family, RhoA,
Racl and Cdc42 are key regulators of the actin cytoskeleton [15]. Racl
and RhoA have antagonistic effects on endothelial barrier function in the
lung [16,17]. RhoA destabilizes endothelial junctions by increasing
myosin driven contractility via myosin light chain phosphatase inhibi-
tion, while Racl facilitates the assembly and maintenance of endothelial
adherens junctions [18]. Disruption of the balance between RhoA and
Racl signaling leads to several human pathologies including ALI/ARDS.
We reported earlier that LPS-induced peroxynitrite generation leads to
RhoA nitration and activation [19], however nothing is known about
possible nitration-mediated post-translational regulation of its endoge-
nous counter, Racl, a protein sharing significant similarities in structure
and function. Using a systems-biology like approach (protein mod-
ification—cellular function—disease modulation—therapeutic strategy
design), we investigated whether Racl activity was also regulated by
protein nitration. For the first time, we were able to show that LPS in-
duces Racl nitration and this is directly associated with an inhibition of
its activity. Further, we were able to demonstrate that Racl nitration is a
key regulator of endothelial barrier disruption during sepsis, especially
during the recovery phase. We identified the specific nitration site (Y32),
and designed a peptide, NipR2, which binds to the nitration site and
shields Y2 from nitration by peroxynitrite. We were able to demonstrate
that this shielding peptide is protective against LPS-induced Racl
nitration, pulmonary vascular leakage, lung injury and the loss of lung
function associated with LPS challenge in the mouse lung.

2. Materials & methods
2.1. Cells and reagents

Human lung microvascular endothelial cells (HLMVEC) were iso-
lated and cultured as described previously [20]. Primary antibodies used
in this project were purchased from Cell Signaling and Sigma-Aldrich
(Racl antibody), Calbiochem and Cell Signaling (3-Nitrotyrosine), and
Sigma-Aldrich (B-actin). The Racl GTPase activity kit was purchased
from Cytoskeleton. LPS, SIN1, peroxynitrite and MnTMPyP were pur-
chased from Sigma-Aldrich. Other biochemicals and chemicals were
purchased from Sigma-Aldrich unless specifically stated.

2.2. Cell experiments

HLMVEC were challenged with LPS (1 EU/ml, 4 h) in the presence or
absence of the peroxynitrite scavenger, MnTMPyP (25 pM). In other sets
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of experiments, cultured HLMVEC were pretreated with either NipR2 or
NipR2F (5 pM, 5min) prior to LPS challenge (1 EU/ml], 4 h).

2.3. Western blot analysis

HLMVEC and mouse lung tissues were lysed using the protocol
previously described [21,22]. Total cell lysate protein concentrations
were calculated using BCA protein assay kit (Thermo-Fisher). Cell ly-
sates with equal amount of protein were separated on 12% gels (Bio--
Rad) and transferred to PVDF membrane (Bio-Rad), then blocked with
5% nonfat dry milk in Tris-buffered saline, 0.1% Tween 20 (TBST). The
membranes were probed with respective primary antibody in blocking
buffer, and the secondary antibody in blocking buffer after three time of
wash in TBST. Reactive bands were visualized using chemiluminescence
(Pierce) using either a Kodak 440CF image station or a LI-COR Bio-
sciences Odyssey Imaging System. Band intensity was quantified using
either Kodak 1D image processing software or Image Studio software
version 5.

2.4. Immunoprecipitation analysis

HLMVEC were homogenized in Pierce IP lysis buffer (Thermo-
Fisher). After centrifugation, the supernatant was collected and mixed
with A/G agarose beads (EMD/Calbiochem) with the pull-down anti-
body for 2 h at 4 °C. The beads were collected after centrifugation at
5000 rpm for 5 min and washed 3 times with IP wash buffer (Thermo-
Fisher). The beads were then boiled with 2x Laemmli buffer for 5 min.
Proteins were separated on 12% gels and transferred to PVDF membrane
and analyzed using Western blot methods described above. In another
experiment, immunoprecipitated proteins in gel stained with Coomassie
blue dye were digested with chymotrypsin and used for mass
spectrometry.

2.5. Analysis of Racl activity

Racl activity was measured using the Racl Pull-Down Activation
Assay Biochem Kit (Cytoskeleton Inc.). Briefly, HLMVEC and mouse lung
tissue were lysed using the cell lysis buffer and the lysate with PAK-PBD
beads was incubated at 4 °C on a rotator for 1 h. The PAK-PBD beads
were centrifuged at 5000 g and washed with wash buffer. Equal volume
of 2x Laemmli sample buffer was added to each tube and boiled for 5
min. Samples were analyzed by SDS-PAGE and Western blot analysis as
described above.

2.6. MALDI-TOF-TOF mass spectrometry

All spectra were taken on an AB Sciex 5800 MALDI-TOF-TOF mass
spectrometer in positive reflector mode (10 kV) with a matrix of CHCA.
Masses were calibrated to Sciex 6 peptides mix with their monoisotopic
mass Bradykinin (2#9 clip) Angiotensin I (1296.6853) Glul-
Fibrinopeptide (1570.6774) ACTH (1#17 clip) (2093.0867) ACTH
(18#39 clip) (2465.1989) ACTH (7#38 clip) (3657.9294). The human
Racl protein was digested with chymotrypsin (overnight in-gel diges-
tion, 30 °C) and cleaned with C18 ZipTip (Millipore). C18 bound pep-
tides were desalted and then eluted with 2.5 pl of acidic acetonitrile
(75% CH3CN, 0.1% TFA). The eluant was mixed with 2.5 pl of freshly
prepared CHCA stock solution (20 mg/ml CHCA in 50% acetonitrile,
0.1% Trifluoroacetic acid), and 1 pl portions of this mixture were
spotted onto the AB Sciex MALDI TOF sample plate for air-drying. MS/
MS of peptides were performed in positive reflector mode with collision-
induced dissociation. MS and MS/MS spectra were analyzed using Pro-
teinPilot software 5.0.1 and Mascot Distiller package. To evaluate NipR2
peptide nitration, we exposed NipR2 to authentic peroxynitrite (100
pM) for 30 min. Samples were desalted using a C-18 ZipTip, mixed with
CHCA matrix and were spotted directly onto a MALDI plate for further
MS and MS/MS analysis. The ability of NipR2 or NipR2F peptides to
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bind to Racl was also analyzed by mixing 100 ng/ml of peptide with
100 ng/ml of human recombinant Racl protein for 45 min at RT and
using MALDI MS Linear mode acquisition with sinapinic acid as a
matrix.

2.7. Molecular modeling

The Yet Another Scientific Artificial Reality Application (YASARA)
computer program was used for molecular visualizing, modeling, and
dynamics. Analysis of the x-ray crystal structure of Racl and RhoA
proteins showed that their respective nitrated tyrosines (Y>2 in Rac1 and
Y3#in RhoA) are located in a flexible region (flap) of the Switch I domain
responsible for nucleotide binding. Molecular modeling analysis of the
flap region in Racl nitrated at Y32 was carried out and the movement of
the flap region was superimposed onto the x-ray crystal structure of
Racl protein. Similarly, molecular modeling analysis of the flap region
in RhoA nitrated at Y>* was carried out and the movement of the flap
region was superimposed onto the X-ray crystal structure of RhoA
protein.

2.8. Generation of a nitration-specific Racl polyclonal antibody (Racl-
Y*2.N02)

A nitro-Y3? Racl specific antibody (Racl-Y32-N02) was raised
against a synthetic peptide antigen (LLISYTTNAFPGEYNC2[PTVFD),
where Y-NO; represents 3-nitrotyrosine as previously described [23].
The peptide was used to immunize rabbits. Tyrosine nitration-reactive
rabbit antiserum was first purified by affinity chromatography.
Further purification was carried out using immunodepletion using
non-nitrated peptide (LLISYTTNAFPGEYIPTVFD) resin chromatog-
raphy, after which the resulting eluate was tested for antibody speci-
ficity by immunoblotting and immunoprecipitation followed by mass
spectrometry. The RhoA-Y>%-NO, antibody was generated as previously
described [24].

2.9. Racl overexpression plasmid construction and protein purification

His-tagged Racl recombinant protein was expressed in E. coli as
previously described [19]. Briefly, isopropyl-beta-p-thiogalactopyrano-
side (IPTG, 1 mM) was added and the cells were incubated for 18-20 h at
25 °C. Bacteria were then harvested by centrifugation and the pellet was
immediately lysed in 40 mM Tris-HCl, 5% glycerol, 1 mg/ml lysozyme,
100 mM NaCl, protease inhibitor cocktail, ribonuclease A (Sigma), and
deoxyribonuclease I (Sigma). The pellet was gently rocked for 30 min,
sonicated and subjected to ultracentrifugation. The supernatant was
loaded onto a Hisprep FF 16/10 column (Sigma) using binding buffer
(40 mM Tris-HCI, 100 mM NaCl, 5% glycerol, 30 mM imidazole) at 0.1
ml/min flow. The column was washed with 40 mM Tris-HCl, 300 mM
NaCl, 5% glycerol, 30 mM imidazole using a flow rate of 1.5 ml/min.
Elution of the histidine-tagged protein was accomplished using elution
buffer (40 mM Tris-HCl, 300 mM NaCl, 5% glycerol, 400 mM imidazole)
at 1.0 ml/min flow. Collected fractions were loaded for size-exclusion
gel filtration on a HiLoad 26/600 Superdex 75 column (Sigma) using
gel filtration buffer (60 mM Tris-HCl, 100 mM NacCl, 5% glycerol) at 0.2
ml/min flow. Fractions were collected and analyzed by Coomassie blue
staining and Western blot. All purification steps were performed at 4 °C,
and purified protein was stored at -80 °C. Recombinant human RhoA
protein was also purified using a bacterial expression system as previ-
ously described [19].

2.10. Adenoviral mediated Racl overexpression and protein purification

Pulmonary arterial endothelial cells (PAEC) were cultured as
described [25]. Ovine PAEC, isolated as previously described [25], were
transduced with a His-tagged Rac1 adenovirus (MOI = 5) and incubated
for 48 h at 37 °C. Cells were lysed and the His-tagged Racl protein was
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purified using HisPur Ni-NTA Columns (Thermo Scientific) and stored at
-80 °C. Fractions were analyzed by Coomassie blue staining and Western
blot analysis.

2.11. Racl nitration shielding peptide synthesis

Peptides containing 10 amino acids (FPGEYIPTVF) from aa28-37 of
Racl fused with the cell permeable TAT sequence were synthesized by
Peptide 2.0 Inc (Chantilly, VA). This peptide was designated NipR2
(nitration inhibitory peptide for the Rho GTPases 2) and designed to
interact with the flap region of the Racl protein. A similar
phenylalanine-substituted peptide (NipR2F) was also synthesized
harboring a Y32F mutation.

2.12. In vitro permeability assays

The electrical resistance of the endothelial cell monolayer was
measured with the electrical cell impedance sensor (ECIS) technique
[26]. HLMVEC were cultured on gold plated electrodes (8E10+) until
95% confluence. The change in electric resistance across the monolayer
was measured continuously. The data was normalized to the initial
values of basal resistance. In the transwell permeability assay, HLMVEC
were seeded on a semi-permeable membrane in the upper chamber of
the transwell (1 pm pore size, BD Biosciences, San Jose, CA). After
appropriate treatments, 40,000 MW FITC-dextran (1 pg/pl) (Sigma-Al-
drich) was added to the upper chamber. The amount of FITC-dextran
infiltrating into the lower chamber was determined using a Fluoroskan
Ascent Fluorometer.

2.13. Mouse models of acute lung injury (ALI)

The Committee on Animal Research at Georgia Regents University
and University of Arizona approved all animal protocols and procedures.
In the pre-injury model, male C57BI/6 mice (10 weeks) received vehicle
(saline) or MnTMPyP (5 mg/kg body weight) via an intraperitoneal
injection 30 min before intratracheal installation of E. coli 0127:B8 LPS,
6.75 x 10% Endotoxin Units/g body weight, Sigma-Aldrich). Mice were
examined 12 h after LPS challenge. At the end of the treatment, animals
were anesthetized, and the lungs were flushed with 3 ml of ice-cold PBS
(to remove blood) gently, and excised. A portion of the lung was quickly
snap-frozen in liquid nitrogen and stored at -80 °C. In the post-injury
model, male C57BI/6 mice (7-8 weeks) received vehicle (0.9% saline)
or E. coli 0127:B8 LPS (1.25 mg/kg body wt, Sigma-Aldrich) prepared in
0.9% saline via an intratracheal injection 4 days before administration
of NipR2 or NipR2F peptide (intraperitoneal injection, 1 mg/kg). On
Day 7 (post LPS) mice were euthanized, lungs were flushed with 3 ml of
ice-cold PBS (to remove blood) gently, and excised. A portion of the lung
was quickly snap-frozen in liquid nitrogen and stored at -80 °C. The
remaining lung tissue was fixed in PBS buffered formalin for histology
analysis.

Isolation of Bronchoalveolar Lavage Fluid (BALF).

BALF was obtained by instilling and withdrawing 1 ml of ice-cold
HANKS buffer (Sigma) via a tracheal cannula. BAL fluid was then
centrifuged 500 g for 10 min to collect pelleted cells. BAL cells were then
resuspended in red cell lysis buffer (RCLB) for 15 s, centrifuged 500 g for
10 min to remove RCLB, and resuspended in 200 pl of PBS. Total cell
count was then determined using a haemocytometer. Cell suspension
(50 pl) was also separated by Cytospin centrifuge (Thermo-fisher) 600 g
for 10 min onto glass slides. After air dry, the slides were stained with
Dif-Quik staining (VWR) for differential cell count.

2.14. Histological analysis of the mouse lung
Lungs were inflated with 10% formalin under 15 cm HO pressure

and immersed in the same solution before tissue processing into
paraffin-embedded blocks and 4 pm sections were then cut stained with
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H&E. Histopathological assessment was conducted by two researchers
who were masked to treatment group. H&E stained sections were scored
for the presence of neutrophil in the alveolar space, neutrophils in the
interstitial space, the existence of hyaline membranes, proteinaceous
debris filling the airspaces and alveolar septal thickening as described
previously [27].

2.15. Analysis of lung function

Mice were remaining anesthetized with isoflurane (5% with oxygen),
tracheostomized with a metal 1.2 mm (internal diameter) cannula and
connected to a Flexi Vent (Scireq Inc) ventilator. Ventilation was initi-
ated at a tidal volume of 10 ml/kg and a rate of 150/min. A TLC ma-
neuver was performed, followed by 15 s later, by a sinusoidal 1 Hz
oscillation. Subsequently, an 8 s forced oscillatory signal (0.5-19.6 Hz)
was applied, the mechanical input impedance of the respiratory system
was calculated, and a model containing a constant phase tissue
compartment was fit to input impedance in order to evaluate tissue
elastance. Dynamic pressure-volume maneuvers were performed by
stepwise increasing the airway pressure to 30 cm HyO and then
reversing the process. Transcutaneous oxygen saturation were moni-
tored via a small animal pulse oximeter (MouseOx Plus, STARR Life
Sciences Corporation, Oakmont, PA, USA) by placing the non-invasive
sensor on the neck, as previously described [28].

2.16. Statistical analysis

Statistical analysis was performed using GraphPad Prism version
4.01 (GraphPad). The mean + SD or SEM was calculated for all samples,
and the significance was determined either by the unpaired t-test (for 2
groups) and ANOVA (for > 3 groups). For the ANOVA analyses,
Newman-Kuels post-hoc testing was employed. A value of P < 0.05 was
considered significant.

3. Results

LPS decreases Racl activity through the nitration of Tyrosine 32
(¥*2.

In cultured HLMVEC, LPS challenge (1 EU/ml) induced significant
decrease in Racl GTPase activity and this was attenuated by the
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peroxynitrite scavenger, MnTMPyP (Fig. 1A). Utilizing immunoprecip-
itation analyses we demonstrated that Racl is subject to protein nitra-
tion and again this is attenuated by MnTMPyP (Fig. 1B&C). These
findings suggest that LPS-mediated Racl nitration is associated with
reduced Racl GTPase activity. To further confirm the nitration on Racl
peptide and identify the nitration site, we first utilized recombinant
human Racl protein purified using an expression purification system
based in E.coli [19]. Purity of Racl was determined to be >90% using
both SDS PAGE with Coomassie staining (Fig. 2A) and Western blot
analysis (Fig. 2B). The purified recombinant human Racl protein was
exposed to authentic peroxynitrite (100 pM, 30 min) and then digested
using chymotrypsin endoproteinase. The resulting peptide fragments
were subjected to MALDI-TOF MS and MS/MS analysis. A nitrated
peptide (1044.4Da) with sequence TTNAFPGEY®? was identified with a
single nitration site present on the tyrosine residue. A MS peak with
+45Da in molecular weight difference (equal to nitro group addition)
was observed with the nitrated Racl peptide fragment, within the region
of aa24-32 (Fig. 2C). Further MS-MS analysis confirmed the peptide
sequence and the position of the nitro-group as Y32 (Fig. 2G). We next
investigated the nitration of Racl in cultured pulmonary arterial endo-
thelial cells (PAEC). In order to achieve a quantifiable intracellular level
of Racl, PAEC were transduced with an adenovirus construct containing
a His-tagged human wildtype Racl. We confirmed that human Racl
protein could be purified utilizing a HisPur Ni-NTA Column (Fig. 2D).
Racl purification was confirmed by SDS PAGE with Coomassie staining
(Fig. 2D) and the identification of a single band by Western blot analysis
(Fig. 2E). Transduced PAEC were then exposed to the peroxynitrite
donor, SIN-1 (200 pM for 1 h) and Western blot analysis utilized to
confirm that peroxynitrite did not alter total Racl levels in the cells
(Fig. 2F). However, utilizing a nitrotyrosine antibody which specifically
binds nitrated tyrosine we were able to see a strong band in Western blot
at 21.5 kDa indicating a nitrated Racl protein in transduced PAEC
exposed to SIN-1 (Fig. 2G). The nitrated Racl protein was then purified
using HisPur Ni-NTA Column and the peptide fragments generated by
overnight chymotrypsin digestion were subjected to MALDI-TOF MS and
MS/MS analysis. After exposure to SIN-1, the same nitration site Y>2 was
detected in the Rac1 protein isolated from PAEC (Fig. 2H). These results
indicate that peroxynitrite is capable of inducing Racl nitration at a
specific site, Y32 both in vitro and in vivo. Next, using the known Racl
protein structure and a previously established computational modeling

Fig. 1. LPS induces Racl nitration in endothelial
cells. HLMVEC were challenged with LPS (1 EU/ml,
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method [19], we simulated the structural impact of Y32 nitration on
Racl. This modeling predicts that the Y32 containing region (the “flap”
next to the Switch I region of the catalytic domain) leads to a “close”
state in the flap region (Fig. 2I), compared to the “open” state induced by
nitration of Y3* in the flap region of RhoA [19] (Fig. 2J). These
computational modeling data, coupled with our Racl-GTPase activity
measurements (Fig. 1A), clearly demonstrate that LPS-mediated perox-
ynitrite stress induces Racl nitration at Y32 and that this is inhibitory for
Racl GTPase activity.

3.1. LPS induces Racl nitration in the mouse lung

In order to increase the detection sensitivity for Y>2 nitrated Racl, we
next generated a polyclonal antibody (Rac1-Y32-NO,) that specifically
recognizes Y>2 nitrated Racl following the protocol from the previous
study which used an antibody (RhoA-Y3%-NO,) that recognized Y>*
nitrated RhoA [24]. We confirmed that the Racl-Y32-N02 antibody
selectively detects Y>2 nitrated Racl in recombinant protein exposed to
authentic peroxynitrite in-vitro (Fig. 3A) and in-vivo HLMVEC exposed to
SIN-1 (Fig. 3B). Further, we validated that Racl—YBZ—Noz and
RhoA-Y34-NO, antibodies are preferential for nitrated Rac1l and nitrated
RhoA respectively (Fig. 3C). Using Rac1-Y>2-NO, antibody we were next
able to confirm that there was significant increase in Racl nitration in
the mouse lung 12 h after I.T. LPS challenge, and that again Racl
nitration was significantly suppressed by MnTMPyP (Fig. 3D). These
changes in Racl nitration correlated with change in Racl GTPase ac-
tivity (Fig. 3E). These data demonstrate that nitration of Racl at Y32, is
intimately involved in the loss of Rac1 activity in the mouse lung during
sepsis-mediated ALIL

3.2. Generation and analysis of a Racl nitration shielding peptide

We next aimed to design a peptide which specifically targets the flap
region of the Racl protein to prevent its nitration at Y>2. Docking sim-
ulations (Fig. 4A) were used to design a nitration shielding approach
that would bind to the flaps region of Rac1 similar to that used earlier for
RhoA [19]. This resulted in the design of a peptide with sequence
HRKKRRQRRRQFPGEYIPTVF designated nitration inhibitory peptide
for Rho GTPases 2 (NipR2). The molecular mass of the NipR2 peptide of
2755.5 Da was confirmed by MALDI MS (Fig. 4B) and peptide sequence
was confirmed by MS/MS (Fig. 4C). The NipR2 peptide was then
exposed to authentic peroxynitrite (100 pM, 30 min). MS and MS/MS
analysis confirmed that this produced a +45 Da mass shift (2800.5 Da)
related to the addition of a NO; group to the Tyrosine residue (Fig. 4B
and C). Further, MS analysis of the nitrated NipR2 peptide revealed a
photochemical decomposition pattern ([M+H]+, [M + H-16]+ and [M
+ H-32]+ (Fig. 4B). In another experiment, a control peptide
(HRKKRRQRRRQFPGEFIPTVF) in which Y2 was substituted with a
phenylalanine residue (NipR2F) was also synthesized. The molecular
mass of the NipR2F peptide was confirmed as 2739.5 Da with MALDI MS
(Fig. 4D) and peptide sequence was confirmed by MS/MS (Fig. 4E). As
expected, when the NipR2F peptide was exposed to peroxynitrite (100
pM, 30 min) there was no mass difference observed in MS and MS/MS
spectrum because of absence of the target tyrosine residue required for
nitration (Fig. 4D and E). Using MALDI MS Linear mode acquisition,
with sinapinic acid as a matrix, we also confirmed that both NipR2 and
NipR2F peptides we able to bind efficiently to intact human recombi-
nant Racl (Fig. 4F).

NipR2 peptide protects Racl from LPS-induced Racl nitration and
inhibition in human lung microvascular endothelial cells.

HLMVEC were challenged with LPS (1 EU/ml, 4 h) and Racl protein
was then immunoprecipitated and subjected to overnight in-gel
chymotrypsin digestion. Similar to our earlier findings, a nitrated pep-
tide with sequence TTNAFPGEY>? was identified with a single nitration
site present on the tyrosine residue. The MALDI MS also showed a
photodecomposition pattern of the nitro group ([M+H]+, [M + H-16]+
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and [M + H-32]+) (Fig. 5A). The MS/MS spectrum was analyzed using
the Mascot Distiller package which identified the peptide sequence as
TTNAFPGEY from a human Racl protein modified at Tyr>2 by nitro
group (Fig. 5A). Next, we utilized NipR2 (5 pM, 5 min before LPS
challenge) to examine effects on Racl nitration and Racl GTPase ac-
tivity in LPS challenged HLMVEC. Our data demonstrate that NipR2
pretreatment significantly attenuated LPS-induced Racl nitration
(Fig. 5B) and preserved Racl GTPase activity (Fig. 5C) in HLMVEC.
Conversely, NipR2F failed to block Racl nitration (Fig. 5D) or preserve
Racl GTPase activity (Fig. 5E) in LPS challenged HLMVEC. NipR2 also
successfully attenuated the LPS-mediated disruption of the HLMVEC
barrier as determined both by preservation of transendothelial electrical
resistance (Fig. 5F) and a reduction in transwell permeability of FITC-
dextran (Fig. 5G). As expected, the NipR2F did not exhibit any func-
tional activity upon LPS-mediated endothelial integrity loss (Fig. 5F&G).
Together these data demonstrate that NipR2 can effectively attenuate
Racl nitration, Racl activity inhibition, and endothelial barrier
disruption in a cell model of LPS induced ALL

NipR2 peptide attenuates Racl nitration and inhibition in the lungs
of LPS treated mice.

To evaluate the therapeutic potential of NipR2, we utilized a mouse
model of ALI induced by the intratracheal (i.t.) installation of LPS. Mice
were challenged with LPS (1.25 mg/kg) and treated with NipR2 or
NipR2F peptides (0.1 mg/kg) 4 days post LPS challenge and harvested 7
days post LPS challenge (Fig. 6A). As expected, NipR2, but not NipR2F,
significantly attenuated LPS-mediated Racl nitration (Fig. 6B) and
restored Racl GTPase activity (Fig. 6C). Mice were also used to perform
additional physiological, biochemical and morphological studies to
evaluate the efficacy of the NipR2 peptide in attenuating symptoms of
ALL Cell infiltration into the BALF was significantly increased in LPS
treated animals (Fig. 6D). NipR2, but not NipR2F, reduced this increase
(Fig. 6D). We also assessed histopathological changes in the lungs. LPS
induces severe alveolar damage that includes the presence of large
numbers of neutrophils and red blood cells in the alveolar and intersti-
tial space, formation of hyaline membranes, septal thickening and debris
accumulation in the alveoli (Fig. 6E). Again, NipR2, but not NipR2F,
reduced these pathological changes (Fig. 6E &F).

3.3. NipR2 peptide preserves lung function in LPS treated mice

We next assessed the effect of NipR2 on lung function in LPS chal-
lenged mice. NipR2 restored oxygen saturation from ~72% to ~95%
(Fig. 7A). Using FlexiVent technology, we also performed respiratory
pressure-volume loop (PV loop) measurement and analysis. LPS induced
a characteristic downward shift of the PV loop, compared to control
mice (Fig. 7B). Consistent with the oxygen saturation findings, NipR2,
but not NipR2F, restored the PV loop, indicative of an improvement in
respiratory mechanical function. Specifically, NipR2 increased the res-
piratory maximal volume at highest pressure (Fig. 7C). NipR2 also
prevented the LPS-mediated attenuation of total respiratory compliance
(Fig. 7D) and the increase in respiratory elastance (Fig. 7E). Together
these data demonstrate that NipR2 significantly improved lung function
in this murine model of acute lung injury.

4. Discussion

ALl is a complex syndrome with an unacceptable mortality. ALI
pathogenesis involves disruption of the epithelial and endothelial bar-
riers leading to an increased permeability and decreased edema fluid
clearance [29]. Lung barrier permeability is tightly regulated by adhe-
rens junctions, tight junctions, and gap junctions. Junctional integrity is
vital for cell-cell adhesion, actin cytoskeleton remodeling, intercellular
signaling, and transcriptional regulation [30]. Racl regulates lung
endothelial integrity via cytoskeleton rearrangements that determine
cell shape and junctional integrity of the lumen [31]. Interestingly,
within the Rho-family small GTPases, Racl and RhoA are antagomirs
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Fig. 4. Development of a nitration shielding peptide for Rac1 to prevent Y32 nitration. Molecular modeling analysis shows the interaction between the peptide
sequence FPGEYIPTVF and the flap region of Racl protein (A). This sequence was fused with the cell permeable TAT sequence to produce NipR2
(HRKKRRQRRRQFPGEYIPTVF). The NipR2 peptide mass was confirmed by MALDI-MS to have a molecular weight of 2755.5 Da. Exposure of NipR2 to peroxynitrite
(100 pM, 30 min) produced a +45 Da mass shift (2800.5 Da) produced by NO, group addition to the tyrosine residue (HRKKRRQRRRQFPGEYNOZIPTVF) (B). MS/MS
analysis of the NipR2 peptide (2755.5 Da) and nitrated NipR2 peptide (2800.5 Da) after treatment with peroxynitrite were obtained in positive reflector mode. MS/
MS analysis confirmed the change in peptide mass after exposure of NipR2 to peroxynitrite (C). A control peptide was also produced in which the tyrosine residue was
replaced by a phenylalanine to produce NiPR2F (HRKKRRQRRRQFPGEFIPTVF). Exposure of NipR2F to peroxynitrite (100 M, 30 min) caused no change in mo-
lecular weight (2739.5 Da) (D). MS/MS analysis of the NipR2F peptide (2739.5 Da) and NipR2F peptide after treatment with peroxynitrite were obtained in positive
reflector mode. MS/MS analysis confirmed no change in peptide mass after exposure of NipR2F to peroxynitrite (E). MALDI MS Linear mode acquisition analyses
tiemonstrate that both NipR2 and NipR2F peptides bind efficiently to intact human recombinant Racl (F).
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Fig. 5. The NipR2 peptide prevents LPS-mediated Racl nitration and preserves endothelial barrier function. HLMVEC were challenged with LPS (1 EU/ml, 4
h) and Racl protein was then immunoprecipitated and subjected to overnight in-gel chymotrypsin digestion. A nitrated peptide with sequence TTNAFPGEY>? was
identified with a single nitration site present on the tyrosine residue and MALDI MS showed a typical photodecomposition pattern observed for addition of nitro
group ([M+H]+, [M + H-16]+ and [M + H-32]+) (A). The MS/MS spectrum was fitted to the peptide sequence TTNAFPGEY from a human Racl protein modified at
Tyr32 by nitro group (A). Cultured HLMVEC were pretreated with either NipR2 or NipR2F (5 pM, 5min) prior to LPS challenge (1 EU/ml, 4 h). Cells were harvested
and lysates were subjected to Western blot analysis using the Rac1-Y>2-NO2 antibody. In the presence of NipR2 (B), but not NipR2F (D), the LPS-mediated increase in
Racl protein nitration is attenuated. Similarly, the LPS-mediated inhibition of Racl GTPase activity is prevented by NipR2 (C), but not NipR2F (E). The decrease in
TER in LPS challenged cells is attenuated by NipR2 but not NipR2F (F) with reductions in the nadir of TER (6 h post LPS challenge) and a stimulation of barrier
restoration (24 h post LPS challenge). A representative normalized TER (fold change) trace from all groups is shown (F). Similarly, the LPS (1 EU/ml, 4 h) mediated
extravasation of FITC-dextran was significantly attenuated in cells treated with NipR2 but not NipR2F (100 ng/ml) (G). NipR2 and NipR2F peptides were added at
100 ng/ml 30 min prior to LPS challenge. Data are mean + SEM. N = 4. *P < 0.05 vs. Control; P < 0.05 vs. LPS alone; {P < 0.05 vs. LPS + NipR2F.

[32]. Racl is involved in the maintenance and stabilization of micro-
vascular endothelial barrier functions (maintains junctional formation
and cell relaxation), whereas RhoA primarily acts antagonistically to
impair barrier properties [33]. Post-translational modification can
directly influence the structure, function and stability of the Rho
GTPases [34]. This particular study confirms, for the first time, that Racl

can be nitrated at Y32, which leads to a persistent inhibition of GTPase
activity. Crystal structure analysis of Racl indicates that Y32 lies adja-
cent to the nucleotide-binding site within the Switch I (residues 26-45),
a region known to modulate GTP/GDP binding. The Switch regions in
the Racl are the most important structural element of the protein.
Molecular modeling analysis predicts that the nitration of Y32 of Racl
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Fig. 6. The NipR2 peptide enhances lung repair after LPS exposure in the mouse. C57BI/6 mice received vehicle (0.9% saline) or LPS (1.25 mg/kg) prepared in
0.9% saline via an intratracheal injection 4 days before administration of NipR2 or NipR2F peptide (intraperitoneal injection, 1 mg/kg) (A). On Day 7 (post LPS) Racl
nitration in lung protein homogenate was determined using Western blot analysis. In the presence of NipR2, but not NipR2F, the LPS-mediated increase in Racl
protein nitration is reversed (B). Similarly, the LPS-mediated inhibition of Racl GTPase activity is reversed by NipR2, but not NipR2F (C). NipR2, but not NipR2F,
also significantly attenuated the LPS-mediated increase in inflammatory cell numbers in the BALF on day 7 post-LPS (D). Lung sections were stained with hema-
toxylin and eosin (E, representative micrographs are shown) and scored for lung injury (F). NipR2, but not NipR2F, attenuated the lung injury score (F). Data are
mean + SEM. N = 4-6. *P < 0.05 vs. NipR2F + Vehicle; {P < 0.05 vs. NipR2F + LPS.
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Fig. 7. NipR2 peptide restores lung function in mice exposed to LPS. C57BI/6 mice received vehicle (0.9% saline) or LPS (1.25 mg/kg) prepared in 0.9% saline
via an intratracheal injection 4 days before administration of NipR2 or NipR2F peptide (intraperitoneal injection, 1 mg/kg) (A). On Day 7 (post LPS) Transcutaneous
oxygen saturation was recorded using a small animal pulse oximeter. In the presence of NipR2, but not NipR2F, the LPS-mediated decrease in oxygen saturation is
reversed (A). The analysis of dynamic pressure-volume relationships in the mouse lung also shows that NipR2, but not by NipR2F, reverses the LPS-mediated
disruption of lung airway mechanics. The data represent pressure-volume loops for four groups with two curves, one for inhalation and one for exhalation events
(B). The decrease in respiratory maximal volume at highest pressure (30 cmH;0) is prevented by NipR2 (C). NipR2 also prevents the decrease in compliance (D). The
increase in respiratory elastance is also attenuated by NipR2 (E). Data are mean + SEM. N = 4-6. *P < 0.05 vs. NipR2F + Vehicle; P < 0.05 vs. NipR2F + LPS.

preferentially stabilizes the closed conformation of Switch I. Comparing
the Racl protein sequence to the RhoA protein reveals that there is an
identical tyrosine residue (Y34 in RhoA and Y*? in Racl) in the flexible
flap region which is susceptible to nitration mediated modifications. The
Rho GTPases share a conserved region for the nucleotide binding. The
Switch I and Switch II regions are able to change their conformations
when GDP is exchanged for GTP to signal downstream to effector pro-
teins. Our prior work has demonstrated that nitration of Y3* in RhoA
leads to the opening of the flap similar to that seen in the crystal
structure containing a RhoA-GEF complex and that this decreases the
affinity of RhoA for GDP, leading to faster GDP release, thus increasing
RhoA activity [19]. In this study, our molecular dynamics simulations
predict that peroxynitrite mediated nitration of Y32 in Racl leads to a
closing of the flap region mimicking the conformational shift observed
when a GDI is bound leading to decreased Racl GTPase activity. Another
post translational modification of relevance is the S-nitrosylation of Ras
superfamily GTPases. Nitric oxide (NO) can serve as important regulator
of small GTPase proteins. NMR and X-ray crystal structures for Rho
family GTPases propose that the Cys18 thiol in the GXXXXGK(S/T)C
motif is accessible for solvent and suggest reactive oxygen species and
reactive nitrogen species possibly target the Cys18 thiol [35-37].
Further, we have shown that S-nitrosylation of RhoA attenuates the
activity of RhoA [38]. The effect of S-nitrosylation on Racl is unresolved
but we speculate that as nitration activates while S-nitrosylation inhibits
RhoA that S-nitrosylation may stimulate Racl activity. However, further
studies will be required to test this possibility. Besides nitration a
number of other post translational modifications have been reported
that have the potential to alter its activity/function. These include
ubiquitination [39-41], phosphorylation [42,43], and adenylylation
(AMPylation) [44], all of which have all been shown to play important
roles in the regulation of Racl. Interestingly, it has been reported that
Y32 in Racl is a target for AMPylation [44]. Therefore, we speculate that
nitration might inhibit phosphorylation and/or AMPylation of Y32 in
Racl which could permanently alter its activity. Thus, it is likely that the
competition among these various potential modifications likely has both
physiological and pathological implications. Again, further studies will
be required to investigate this.

During sepsis-like conditions, LPS exposure stimulates the produc-
tion of peroxynitrite which leads to protein nitration of tyrosine resi-
dues, a nonreversible event which often affects protein structure and
function. Previously we had reported that peroxynitrite stress induced
by LPS challenge causes RhoA nitration at Y>* which facilitates its
persistent activation [19]. Racl and RhoA, as a balanced control
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mechanism of lung endothelial integrity, is disrupted by peroxynitrite
stress. Even though RhoA and Rac1 share structural homology, RhoA is
involved in endothelial barrier disruption during the development of
ALI while Racl is involved in endothelial barrier recovery during the
resolution phase of ALIL The fact that each protein acts in a different
phase of ALI could provide a therapeutic window to target Racl, instead
of RhoA, in the patients in ICU, most of whom have passed the earlier
phase of endothelial disruption and are most likely in the slow recovery
phase of this devastating disease. This possibility is supported by our
animal studies in which we have utilized our NipR2 peptide to target
Racl nitration in a “reversal’-, instead of “prevention”-, strategy to
effectively “treat” experimental ALL Our study reveals a new mecha-
nism by which endothelial integrity loss is maintained through
nitration-mediated Racl inhibition during sepsis-associated ALIL
Importantly, we developed two new research tools in this study, a
polyclonal antibody which specifically detects Y32-nitrated Racl, and
NipR2, a synthetic peptide which prevents Rac1 nitration at Y2, Since
Racl is wildly expressed in multiple tissues with multidisciplinary
function, our nitration specific Racl antibody has significant potential as
a research tool in a number of pathologic states. Further, we validated
the nitration shielding potency NipR2 in both cultured cells and a mu-
rine model of sepsis induced ALL Thus, NipR2, or its next generation,
may have clinical utility given the fact that ALI still does not have a
selective drug therapy. However, this possibility should be tempered by
the fact that previous ALI drug clinical trials have all failed. We propose
that this is due to the fact that ALI is a syndrome that results from
different insults (e.g., COVID-19 induced ALI is clearly different from
trauma induced ALI), and the involvement of multiple systems failure
such as endothelial barrier disruption, macrophage activation, and
leukocyte infiltration. In this study, we report that NipR2 selectively
targets Racl nitration and effectively blocks murine lung injury, but the
therapeutic efficacy in ALI patients is hard to predict. We anticipate that
a successful clinical efficacy of NipR2 or similar product might require:
1) precision medicine approach to identify patients in the sub-group
with satisfactory responsiveness of Racl nitration blockade, as not all
triggers of ALI (e.g., trauma) will lead to endothelial oxidative stress and
peroxynitrite generation; 2) combination therapy with other effective
reagents, including suppressor of the cytokine storm and/or neutrophil
eliminators; 3) selective tissue delivery vehicle, to increase therapeutic
index. Further, we propose that conditional genetically modified in-vivo
models will be needed to fully elucidate the biological functions of the
Rho GTPases in different physiological environments and pathological
conditions, and this information will likely be required to develop
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precise pharmacological inhibitors.

LPS is a known activator of endothelial ROS generation [45,46].
Interestingly the generation of ROS might be “designed” a result of
detoxification of oxidative species in oxygen-rich environment, and
sometimes as a signaling cascade, since it can be generated and removed
quickly. However, these protective or regulatory signaling pathways can
be overwhelmed, leading to “oxidative stress”. In the lungs, multiple cell
types, including endothelial cells, macrophages, epithelial cells, and
infiltrated inflammatory leukocytes, are good ROS generators. LPS can
activate several endogenous machineries to generate ROS including
NADPH oxidase (NOX), uncoupled NOS, dysfunctional mitochondria,
and xanthine oxidase, all of which have been reported to be involved
with the oxidative stress associated with ALI [47-51]. The link between
increased oxidative stress and lung injury, as well as the success of
antioxidant therapy in preclinical models makes ROS generation an
attractive target in ALI. However, the complex roles of ROS in ALI
development and recovery have restricted the efficacy of antioxidant
therapy. ROS is involved in tissue injury [52], barrier disruption [53],
proinflammatory cytokine production [54]. While it is also involved in
endothelial barrier recovery [55], and endothelial adherens junction
re-assembly [56]. Endothelial cells have abundant NO which is mainly
produced by eNOS, which, upon LPS-challenge mediated uncoupling,
also starts to generate ROS. The downstream effector of NOS uncoupling
is likely peroxynitrite, formed from the interaction of NO with super-
oxide generated from different sources. We propose that targeting
adverse events downstream of ROS, such as Rac1 nitration, will be more
selective and effective to terminate ROS associated adverse outcome,
and reduce ALI Nitration unlike phosphorylation, which is selectively
mediated by kinases and phosphatases, and modulated by signaling
cascades regulating these enzymes, is not dependent on enzymes to
facilitate the post-translational modification. Peroxynitrite mediated
tyrosine nitration is a covalent modification that adds a nitro group
(-NOy) to one ortho carbon of tyrosine’s phenolic ring to form 3-nitrotyr-
osine. Protein tyrosine nitration introduces a net negative charge to the
nitrated tyrosine at physiological pH, thus altering structural properties.
Previously, we had reported that like Racl, its antagomir RhoA can also
be nitrated at Y>*, a similar location in the flexible flap region, leading to
its persistent activation. We speculate that nitration will only occur at
accessible tyrosine residues that are already sites for other
post-translational modifications such as phosphorylation. Indeed,
nitration is very similar to phosphorylation in terms of charge, and thus
could lead to a similar structural/functional outcome to that obtained by
phosphorylation. Alternatively, the presence of a 3-nitrotyrosine modi-
fication could potentially prevent the tyrosine residue being available
for phosphorylation events. Since no enzyme has been identified as
being responsible for the removal of nitration sites, mimicking the
counter part of phosphatase for phosphorylation, the structure/function
effect is persistent and thus deleterious as it is not balanced and coun-
tered. This might also explain the opposite functional outcome between
Racl and RhoA nitration at a similar domain.

In conclusion, for the first time, we have used mass spectrometry as
well as cell and molecular biology methodologies to identify Racl as
being susceptible to nitration. This single nitration site located at Y32
leads to Racl GTPase inhibition and enhances LPS-mediated barrier
disruption. We have also demonstrated that Racl nitration plays an
important role in sepsis-mediated ALI and that blocking Racl nitration
using a shielding peptide approach has therapeutic potential to reverse
LPS-induced lung injury. Further studies will be required but this
approach has the potential to produce a treatment for ALI that has so far
proven to be intractable to all the pharmacologic approaches tried to
date.

Declaration of competing interest

The authors have no conflict of interest to declare related to this
research article.

12

Redox Biology 38 (2021) 101794
Acknowledgements

This work was supported in part by HL60190 , (SMB), HL137282
(SMB), HL134610 (SMB and TW), HL146369 (SMB and TW),
RO1HL142212 (SMB), and the Interdisciplinary Training in Cardiovas-
cular Research T32 HL007249 (to XW) all from the National Heart,
Lung, and Blood Institute, Bethesda, MD USA.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.redox.2020.101794.

His-tagged human Racl recombinant protein was purified from
E. coli BL21 strain using a Hisprep FF 16/10 column and further sepa-
rated by size-exclusion chromatography. Purity was confirmed by SDS-
PAGE followed by Coomassie Blue staining (A) and Western blot anal-
ysis using a Racl specific antibody (B). Recombinant Racl protein was
incubated or not with authentic peroxynitrite (100 pM, 30 min), and the
chymotrypsin digested Racl peptides were subjected to MALDI-TOF MS
and MS/MS analysis. A single nitrated peptide with sequence
TTNAFPGEY* was identified in peroxynitrite incubated Racl protein
sample corresponding to a peptide mass of 1044.4 m/z from its un-
nitrated mass of 999.4 m/z. Further, MS/MS analysis of the 1044.4 m/
z peptide was obtained in positive reflector mode (C). The resulting MS/
MS spectrum was fitted to the peptide sequence (TTNAFPGEYN?,) from
human Rac1 protein (C). A Racl-HIS adenoviral construct was used to
transduce PAEC (48 h, MOI = 5) and the Rac1-HIS protein was purified
using a HisPur Ni-NTA Column. Samples (control cell lysate, transduced
cell lysate, and purified Rac1) were separated by SDS-PAGE and stained
with Coomassie blue dye (D) or subjected to Western blot analysis using
Racl antibody (E). PAEC transduced with Racl-HIS adenovirus were
then exposed to SIN-1 (200 pM, 1 h) and Western blot analysis
confirmed equal Racl protein levels between untreated and SIN-1
treated PAEC (F) and a strong band was observed at 21.5 kDa after
probing with nitrotyrosine antibody indicating SIN-1 mediated Racl
nitration in PAEC (G). Reprobing with an antibody to p-actin was used to
verify equal loading (F&G). Human Racl-HIS protein was digested with
chymotrypsin and the Racl peptides subjected to MALDI-TOF MS and
MS/MS analysis. Racl protein isolated from endothelial cells treated
with SIN-1 exhibited the same nitration site on Y°2 (TTNAFPGEYNoz) on
human Racl (H). Molecular dynamic simulations of Racl nitrated at y32
within the flexible region (flap) of the Switch I domain responsible for
nucleotide binding was carried out and the movement of the flap region
was superimposed onto the X-ray crystal structure Racl protein
demonstrating a more closed configuration when Y32 is nitrated (I).
Molecular dynamic simulations of the flap region in RhoA nitrated at Y>*
was carried out and the movement of the flap region was superimposed
onto the X-ray crystal structure RhoA protein demonstrating a more
open configuration when Y34 is nitrated .

A polyclonal antibody was generated to selectively detect the Racl
protein when nitrated at Y32 (Racl-Y32-NO2). To test its specificity,
Western blot analysis was carried out on His-tagged human Racl re-
combinant protein purified by a Ni-NTA column incubated or not with
authentic peroxynitrite (100 pM, 30 min) (A) or HLMVEC exposed to
SIN-1 (200 pM, 1 h) (B). Both peroxynitrite (A) and SIN-1 (B) increased
the levels of nitrated Racl observed in in-vitro and in-vivo experiments
respectively. Reprobing with an antibody to p-actin was used to verify
equal loading (B). Purified human recombinant Racl or RhoA [19] were
exposed or not to the peroxynitrite donor, SIN-1 (100 pM, 15min) then
subjected to Western blot analysis using custom made antibodies spe-
cific to either nitrated Racl or nitrated RhoA (C). There is increased
binding with the Rac1-Y32-NO, and RhoA-Y3*-NO2 antibodies to their
cognitive proteins after SIN-1 exposure (C). C57/B6 mice were chal-
lenged with LPS (i.t. 6.75 x 10* Endotoxin Units/g body weight, 12 h) in
the presence or absence of MnTMPyP (i.p. 5 mg/kg body weight). Lung
tissues were harvested and lysates subjected to Western blot analysis
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using the Rac1-Y32-NO2 antibody. LPS exposure increases Racl nitra-
tion in the mouse lung and this is attenuated in the presence of
MnTMPyP (D). Membranes were reprobed with Racl to normalize for
total Racl levels (D). Rac 1 GTPase activity is also inhibited by LPS and
preserved in the presence of MnTMPyP (E). Data are mean + SEM. N =
4. *P < 0.05 vs. Control; {P < 0.05 vs. LPS alone.
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