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Abstract

Microglia are the resident immune cells in the brain. Microglial activation is characteristic of

several inflammatory and neurodegenerative diseases including Alzheimer’s disease, multiple

sclerosis, and Parkinson’s disease. Though LPS-induced microglial activation in models of

Parkinson’s disease (PD) is well documented, the free radical-mediated protein radical formation

and its underlying mechanism during LPS-induced microglial activation is not known. Here we

have used immuno-spin trapping and RNA interference to investigate the role of inducible nitric

oxide synthase (iNOS) in peroxynitrite-mediated protein radical formation in murine microglial

BV2 cells treated with LPS.

Treatment of BV2 cells with LPS resulted in morphological changes, induction of iNOS and

increased protein radical formation. Pretreatments with FeTPPS (a peroxynitrite decomposition

catalyst), L-NAME (total NOS inhibitor), 1400W (iNOS inhibitor) and apocynin significantly

attenuated LPS-induced protein radical formation and tyrosine nitration. Results obtained with

coumarin-7-boronic acid, a highly specific probe for peroxynitrite detection, correlated with LPS-

induced tyrosine nitration, which demonstrated involvement of peroxynitrite in protein radical

formation. A similar degree of protection conferred by 1400W and L-NAME led us to conclude

that only iNOS, and no other forms of NOS, are involved in LPS-induced peroxynitrite formation.
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Subsequently, siRNA for iNOS, the iNOS-specific inhibitor 1400W, the NF-kB inhibitor PDTC

and the P38 MAPK inhibitor SB202190 were used to inhibit iNOS directly or indirectly.

Inhibition of iNOS precisely correlated with decreased protein radical formation in LPS-treated

BV2 cells. The time course of protein radical formation also matched the time course of iNOS

expression. Taken together, these results prove the role of iNOS in peroxynitrite-mediated protein

radical formation in LPS-treated microglial BV2 cells.
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Introduction

Parkinson’s disease is the second most common neurodegenerative disease of the aging

brain and manifests itself mostly as a sporadic condition [1, 2]. Microglia-mediated

neuroinflammation is considered to be a priming event in onset and progression of

Parkinson’s disease [3–5]. The transformation of microglia into potentially toxic activated

microglia takes place in response to even subtle disturbances in the brain microenvironment

[4]. The activation of microglia takes place in almost every type of neurological disorder and

is often associated with the release of proinflammatory cytokines and an increased

production of superoxide (O2 •−) and nitric oxide (NO•). NO• and O2 •− react to form the

neurotoxic peroxynitrite (ONOO−), which has been implicated in Parkinson’s disease, in

part because the level of nitrotyrosine, a product of the reaction of peroxynitrite with

tyrosine, increases in Parkinson’s disease [6–8].

Lipopolysaccharide (LPS), an endotoxin released from the outer membranes of Gram-

negative bacteria, activates microglial cells, and the over-secreted products, in turn, are

cytotoxic to neurons. Activation of NADPH oxidase by LPS triggers excessive O2 • −

generation, which eventually exacerbates the inflammatory response [9, 10]. LPS also

induces selective expression of iNOS, which contributes to NO• production and subsequent

formation of peroxynitrite due to concurrent production of O2 • − from NADPH oxidase

during the microglial activation process [11, 12].

Though LPS-induced microglial activation is well known, the underlying mechanism of

peroxynitrite-mediated protein radical formation within microglia is not known.

Understanding the mechanism of protein radical formation during microglial activation is

important for defining targets that might be useful in minimizing proteotoxic stress and

inflammation, which is crucial in the onset and progression of several neurodegenerative

diseases. Possible biochemical consequences of protein radical formation may involve

changes in activity, triggering immunogenic responses, alteration in protein assembly and

formation of proteasome-resistant aggregates [13]. Nitration of a single tyrosine residue on

Hsp90 is documented to convert it from a prosurvival protein into a potent mediator of

neuronal death [14].
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The formation of free radicals resulting from microglial activation, which may have dire

consequences for both microglia and neurons, has not received the attention it deserves,

mostly due to the limitations of detecting free radicals in biological systems. To overcome

these limitations, we used the highly sensitive immuno-spin-trapping technique [15] to

investigate protein radical formation during LPS-induced microglial activation. Though it

used to be problematic to establish an unambiguous link between peroxynitrite and protein

radical formation in biological systems due to limitations of specific detection of

peroxynitrite, recent advancements in peroxynitrite detection using fluorogenic boronate

probes has made this possible [16, 17]. Specifically, coumarin-7-boronic acid reacts

stoichiometrically and rapidly with peroxynitrite to form hydroxycoumarin, which exhibits

blue fluorescence and facilitates specific detection of peroxynitrite [16, 17]. Therefore, we

used coumarin-7-boronic acid based peroxynitrite detection to demonstrate its involvement

in LPS-induced protein radical formation.

Here we report for the first time that LPS induces protein radical formation in murine

microglial BV2 cells, which is peroxynitrite-mediated, and that iNOS plays a crucial role.

Furthermore, we report an interaction between iNOS signaling and protein radical formation

in microglial BV2 cells. The information gathered in this study will provide new insights on

involvement of protein radicals in microglia-mediated neurodegenerative disorders.

Materials and Methods

Materials

The murine microglial BV2 cell line was obtained from the neuropharmacology lab, NIEHS

(Research Triangle Park, NC). Coumarin-7-boronic acid (CBA) was synthesized as

described earlier [18]. LPS (Escherichia coli 0111:B4) was purchased from Calbiochem (La

Jolla, CA) and was reconstituted in ultrapure water and kept at 4°C. Apocynin, L-ω-

nitroarginine methyl ester (L-NAME), N-3-(aminomethyl)benzylacetamide.2HCl (1400W),

paraformaldehyde, phorbolmyristate acetate (PMA), pyrrolidine dithiocarbamate (PDTC),

5,10,15,20-tetrakis(4-sulfonatophenyl) porphyrinato iron (III) chloride (FeTPPS), SB

202190, sodium nitrite, and TNFα were from Sigma (St. Louis, MO). DMPO was obtained

from Dojindo Laboratories (Rockville, MD) and used without further purification. Chicken

polyclonal anti-DMPO antibodies were developed in our laboratory and used in the

immuno-spin-trapping studies. Rabbit polyclonal anti-iNOS antibody and siRNA against

iNOS were from Santa Cruz Biotechnology (Dallas, TX). Rabbit polyclonal anti-3-nitro

tyrosine was from Abcam (Cambridge, MA). Lipofectamine RNAiMAX reagent and

transfection media were from Invitrogen (Grand Island, NY).

Cell culture and treatments with LPS, DMPO and various inhibitors

Murine microglial BV2 cells were cultured in high glucose Dulbecco’s modified Eagle’s

medium, supplemented with 10 % heat-inactivated fetal bovine serum, 50 U/ml penicillin,

and 50 µg/ml of streptomycin. Cells were maintained in a humidified atmosphere of 5%

CO2 at 37°C and cultured in T-75 Falcon tissue culture flasks at an initial density of 1×10 6

cells/flask. The culture medium was replenished on day 2 and changed on day 5. BV2 cells

were treated with FeTPPS (10 µM), L-NAME (100 µM), apocynin (1 mM) or 1400W (10
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µM) for 2 hours prior to LPS treatment. Afterwards, cells were treated with LPS (500 ng/

ml)-containing medium for another 24 hours, while inhibitors remained in the culture

medium. Typically, cells were incubated for 24 hours in complete medium containing 500

ng/ml LPS and 50 mM DMPO.

Measurement of peroxynitrite formation by monitoring oxidation of coumarin-7-boronic
acid

BV2 cells were grown in phenol-free DMEM medium as mentioned above. Cells were

incubated with LPS (500 ng/ml) for 21 hours and then coumarin-7-boronic acid was added

(20 µM); fluorescence intensities were monitored immediately after coumarin-7-boronic

acid addition using a Tecan SpectraFluor-Plus plate reader (Research Triangle Park, NC)

equipped with the appropriate excitation (320 nm) and emission (430 nm) filters. The

instrument was prewarmed and kept at 37°C during measurements, and fluorescence

intensity read from the top of each well was recorded every 10 minutes for 180 minutes. In

other experiments, cells were incubated with LPS (500 ng/ml) and TNFα (50 ng/ml) for 21

hours, and then co-treated with coumarin-7-boronic acid and PMA (200 ng/ml) in the same

medium before monitoring fluorescence.

Confocal microscopy of cells

2×10 5 BV2 cells were incubated overnight at 37°C on glass coverslips, followed by the

treatments mentioned above. To localize nitrone adducts after the treatments, the cells were

fixed with 4% paraformaldehyde for 15 minutes at room temperature, washed twice for 5

minutes, permeabilized for 5 minutes with 0.5% Triton X-100 in PBS (pH 7.4), and washed

twice for 5 minutes. After blocking with 4% fish gelatin in PBS (pH 7.4) overnight at 4°C,

the cells were incubated with chicken polyclonal anti-DMPO (diluted 1:2,000) for 2 h,

followed by secondary anti-chicken AlexaFluor 488 (diluted 1:1,000) for 1 h. Then

coverslips were washed four times and mounted on glass slides using Prolong Gold anti-fade

reagent with DAPI. Confocal images were snapped on a Zeiss LSM 510-UV meta

microscope (Carl Zeiss Inc, Oberkochen, Germany) using a Plan-NeoFluar 40×/1.3 Oil DIC

objective.

Assessment of morphological changes

2×10 5 BV2 cells were incubated overnight at 37°C on glass coverslips, followed by

treatment with LPS for 24 hours. Images of these cells were taken directly under an inverted

phase contrast microscope at 40× magnification.

Determination of total nitrone adducts in cells

Cell lysates for use in ELISA or Western blotting for the detection of DMPO-protein nitrone

adducts were prepared by scraping cells in RIPA buffer (0.05 g of sodium deoxycholate, 100

µl of Triton X-100, and 10 µl of 10% SDS in 10 ml of 0.1M PBS) containing protease

inhibitors. After a 30-min incubation of the scraped samples in ice, samples were

centrifuged at 20,000 g for 20 min. The soluble fraction (supernatant) was stored at 4°C until

use. Nuclear/cytosolic fractionation was also carried out in some samples using a nuclear/

cytosolic fractionation kit from BioVision (Mountain View, CA) to determine the cellular
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distribution of nitrone adducts. Rabbit polyclonal anti-DMPO antibody was used to detect

DMPO-protein-derived nitrone adducts using a standard ELISA in all samples [19].

RNA interference

2.5×105 BV2 cells were seeded in 6-well plates in antibiotic-free normal growth medium

and incubated for 24 hours to attain 60% confluence. siRNAs for iNOS were used with

Lipofectamine RNAiMAX reagent following the manufacturer’s instructions (Invitrogen,

Grand Island, NY) for transfection. Forty-eight hours after transfection, cells were incubated

with LPS (500 ng/ml) for 24 hours and then harvested for total protein extraction. Western

blot using an iNOS antibody was performed to assess the extent of inhibition.

Statistical analysis

One-way analysis of variance (ANOVA) was used for statistical analysis. The Newman–

Keuls post-test was used for multiple comparisons. The results are expressed as mean ±

SEM. The differences were considered statistically significant when p values were less than

0.05.

Results

LPS induces morphological changes and protein radical formation in BV2 cells

BV2 cells treated with increasing concentrations of LPS for 24 hours underwent dramatic

morphological changes characterized by vacuolization (at 1000 ng/ml of LPS) and

hypertrophy, especially at higher concentrations of LPS (Figure 1). Even low concentrations

of LPS induce signaling cascade and microglial activation [20]; however, to ensure a

detectable protein radical formation, we used 500 ng/ml of LPS to activate BV2 cells; this

concentration of LPS induced the maximum level of nitrite and had no significant

cytotoxicity to BV2 cells [10].

Immuno-spin trapping experiments with LPS-treated BV2 cells showed intense anti-DMPO

staining (Figure 2A), which gives strong evidence of protein radical formation. Confocal

images showed cytosolic staining in LPS-treated BV2 cells, which was attenuated

significantly by pretreatment with a peroxynitrite decomposition catalyst (FeTPPS), a total

NOS inhibitor (L-NAME), an iNOS inhibitor (1400W) and apocynin (Figure 2A). In order

to specifically quantify the DMPO nitrone adducts in different cell-compartments, we

separated the cytosolic and the nuclear fractions and analyzed them by ELISA (Figure 2B).

The cytosolic fraction had much higher levels of DMPO nitrone adducts, which indicated

that the anti-DMPO signal was mostly from cytosolic proteins and not or minimally from

DNA. We quantified protein-derived radicals with anti-DMPO ELISA (Figure 2C), which

showed concurrence with the confocal images (Figure 2A). All pretreatments were

significantly effective in mitigating LPS-induced protein radical formation. A similar degree

of inhibition was conferred by the relatively specific iNOS inhibitor (1400W) and broad-

spectrum NOS inhibitor (L-NAME) (Figure 2C), leading us to conclude that only iNOS and

no other forms of NOS (eNOS or nNOS) are involved in LPS-induced protein radical

formation.
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LPS-induced protein radical formation in BV2 cells is peroxynitrite-mediated

LPS-induced microglial activation is often associated with NADPH oxidase activation and

iNOS induction [11, 12]. Therefore, we looked for peroxynitrite generation as a possible

mechanism for protein radical formation in BV2 cells. To investigate the role of

peroxynitrite in LPS-induced protein radical formation, we analyzed BV2 cells exposed to

LPS in the presence and absence of various inhibitors using anti-3-nitro tyrosine staining

and ELISA. Tyrosine nitration as an indirect measure of peroxynitrite generation was

significantly attenuated by pretreatments with a peroxynitrite decomposition catalyst

(FeTPPS), a total NOS inhibitor (L-NAME), an iNOS inhibitor (1400W) and apocynin

(Figure 3A, B). The similar extent of inhibition by the relatively specific iNOS inhibitor

(1400W) and the total NOS inhibitor (L-NAME) further indicated that iNOS is the key to

peroxynitrite generation. The obvious tyrosine nitration and its concurrence with protein

radical formation prompted us to monitor the real time generation of peroxynitrite in a more

specific manner.

Real time monitoring of peroxynitrite in LPS-induced BV2 cells

To confirm the involvement of peroxynitrite in LPS-induced BV2 cells, we used

coumarin-7-boronic acid, a boronate based fluorogenic probe that selectively reacts with

peroxynitrite [17]. It is noteworthy that the chemistry and mechanisms of reaction of H2O2

and peroxynitrite with most boronates are very similar [21]; therefore, we used a targeted

boronic acid-based fluorophore coumarin-7-boronic acid, which is specific for detection of

peroxynitrite [17]. Activation of BV2 cells with only LPS led to mild but significant

oxidation of coumarin-7-boronic acid as evidenced by increased fluorescence with time

(Figure 4A). The increase in fluorescence as a measure of peroxynitrite generation was more

pronounced when cells were activated by LPS, TNF α, and phorbolmyristate acetate (PMA)

than in cells stimulated with LPS alone (Figure 4 B). Addition of superoxide dismutase

(SOD) to activated BV2 cells significantly reduced coumarin-7-boronic acid-derived

fluorescence. SOD-mediated reduction in coumarin-7-boronic acid-derived fluorescence

indicated impaired peroxynitrite generation due to effective dismutation of superoxide and,

therefore, indicated the specificity of coumarin-7-boronic acid for peroxynitrite.

Furthermore, because SOD cannot enter cells, much of the detected peroxynitrite formation

is apparently extracellular. Simultaneously, the absence of any significant effect by catalase,

which catalyzes decomposition of H2O2, further indicated specificity of this probe towards

peroxynitrite. Thus, under conditions generating both H2O2 and peroxynitrite, CBA

appeared to react primarily with peroxynitrite. Inhibition of coumarin-7-boronic acid-

derived fluorescence by 1400W further confirmed the role of iNOS in LPS-induced

peroxynitrite generation.

iNOS expression is crucial to peroxynitrite-mediated protein radical formation in LPS-
induced BV2 cells

In order to investigate the correlation between iNOS-mediated peroxynitrite generation and

protein radical formation in LPS-induced BV2 cells, we performed a time-course study,

which showed a concurrence between iNOS expression and protein radical formation, with

both peaking 18–24 hours after LPS exposure (Figure 5). Taken together with previous
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results, the concurrence of iNOS expression and protein radical formation indicated

causality between them.

To further confirm the role of iNOS in peroxynitrite-mediated protein radical formation,

iNOS in BV2 cells was silenced using different siRNAs and inhibited using several

signaling inhibitors such as the NF-Kβ inhibitor PDTC or P38 MAP kinase inhibitor

SB202190. The siRNA-mediated iNOS gene-silencing and the iNOS signaling inhibitors

significantly mitigated iNOS levels in LPS-induced BV2 cells (Figure 6A, B). Anti-DMPO

ELISA of LPS-treated BV2 cells showed significant attenuation in protein radical formation

when iNOS was silenced or inhibited (Figure 6C). Results from the time course and iNOS

inhibition experiments consistently indicated a direct link between iNOS expression and

protein radical formation. Taken together, these results confirmed the significant role of

iNOS in peroxynitrite-mediated protein radical formation.

Discussion

This is the first report that demonstrates the role of iNOS in peroxynitrite-mediated protein

radical formation during LPS-induced microglial activation. Reaction and decay of protein

radicals in the cellular milieu is a complex process that depends on the cellular

microenvironment [22, 23]. For instance, these radicals may react with molecular oxygen to

form peroxyl radicals, which eventually decompose to produce oxidation end products [22].

Protein radicals mostly decay to form oxidized and aggregated proteins [24]. Although

various models of Parkinson’s disease show α-synuclein aggregates forming in the mid

brain, the role that protein free radicals play in their formation in vivo is unknown, as is the

more general question of the role of protein radicals in the onset and progression of

Parkinson’s disease [25–27]. The detection of protein radicals in microglia can be used to

achieve further insights to explore the possible implications of protein radicals in

neurodegenerative diseases.

DMPO, a nitrone spin trap which is permeable to the plasma membrane, binds to radicals on

macromolecules and enables their detection by immuno-spin trapping [15, 28]. Protein

radicals can result from one-electron oxidation of proteins by several reactive moieties such

as superoxide and various other free radicals, redox active metals, peroxidases and

peroxynitrite-derived radicals [28]. In this study, initial experiments indicated the

involvement of NADPH oxidase and iNOS in peroxynitrite-mediated protein radical

formation (Figure 2 A–C).

Based on the extent of inhibition by apocynin, NADPH oxidase appeared as the largest

single source of superoxide generation leading to peroxynitrite formation in BV2 cells. In

addition to NADPH oxidase [29–31] there are other sources, such as mitochondria [32],

uncoupling of iNOS [33] and the endoplasmic reticulum [34] which may contribute to

superoxide generation. Instead of focusing on these other superoxide sources, we focused

primarily on NO•-generating nitric oxide synthase isoforms, which contribute to

peroxynitrite generation. Eventually, with anti-DMPO staining experiments, it appeared that

only iNOS, and no other isoforms of NOS (eNOS and nNOS), contributes to protein radical

formation in LPS-challenged BV2 cells.
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Interestingly, DMPO has been shown to form adducts in high yield with protein tyrosyl

radicals [35–38], and for that reason DMPO-based detection of protein radicals (Figure 2A)

and tyrosine nitration (Figure 3A) in this study showed similar patterns. Although tyrosine

nitration as an indirect marker of peroxynitrite formation has been documented in various

models of neurodegenerative disorders [6, 39, 40], the exclusive role of peroxynitrite in

tyrosine nitration has been questioned by several investigators [41, 42]. •NO2 formed

through peroxynitrite-independent processes such as myeloperoxidase (MPO) and H2O2-

catalyzed oxidation of nitrite also leads to tyrosine nitration [39, 41]. However, adding

exogenous nitrite could not elicit any additional increase in LPS-induced tyrosine nitration

(Supplementary Figure 1), which negated involvement of nitrite/peroxidase chemistry as a

significant cause of tyrosine nitration in these cells. This was perhaps due to lack of

peroxidase activity in BV2 cells [43, 44]. Furthermore, microglia shows certain similarities

with macrophages in which peroxynitrite mediated tyrosine nitration is well documented

[45, 46]. Based on these similarities and lack of peroxidase activity in these cells we tried

more specific boronate probes to specifically detect the involvement of peroxynitrite in

tyrosine nitration and protein radical formation.

Thus, boronate probes, which form measurable products by reacting directly and rapidly

with peroxynitrite rather than relying on radical intermediates like •NO2, are a significant

advance. Coumarin-7-boronic acid, a boronate probe which specifically reacts with

peroxynitrite to give a fluorescent product provides more specific evidence of peroxynitrite

generation [17]. It has been repeatedly shown that specific boronates react directly and

stoichiometrically with peroxynitrite a million times faster than with H2O2 and nearly two

hundred times faster than with HOCl and thereby are highly specific even in the cellular

systems, which may produce a higher flux of H2O2 under proinflammatory conditions [17,

18, 47].

The concurrent formation of superoxide anion radicals and nitric oxide leads to peroxynitrite

generation; therefore a relatively strong coumarin-7-boronic acid-derived fluorescence was

seen when cells were activated by LPS, TNFα and PMA (Figure 4B). However, a weaker

peroxynitrite signal from cells activated by LPS alone appears to be due to a lower flux of

NO• from iNOS induction and/or superoxide anion radical [5, 48]. The significant inhibition

of coumarin-7-boronic acid-derived fluorescence by SOD, which cannot diffuse through the

cell membrane, indicates that peroxynitrite generation is mostly extracellular. Being freely

diffusible, NO• produced within microglia diffuses out and reacts with superoxide produced

at the surface of the cell membrane by NADPH oxidase. However, due to the detection of a

small fraction of SOD-insensitive peroxynitrite, partial intracellular generation may also

occur.

The analysis of data from the time course of iNOS induction and protein radical formation

indicates a link between iNOS and protein radical formation (Figure 5). Though superoxide

generation begins much before iNOS induction, the maximal superoxide generation in

microglia is reported to take place 15 hours after LPS treatment [11]. Concurrent higher

levels of iNOS in activated microglia led to a higher flux of peroxynitrite, formation of

protein radicals, and 3-nitrotyrosine. Furthermore, iNOS inhibition by siRNA or

pharmacological inhibitors decreased protein radical formation. The neuroprotection by
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gene- silencing of iNOS in various models of Parkinson’s disease as shown by several

investigators [2, 49] is possibly due to the role of iNOS in peroxynitrite-mediated protein

radical formation. Under pathological conditions nitric oxide production results from

transcriptional activation of iNOS, which is barely present in the healthy brain [49]. Once

induced, iNOS produces sustained high levels of NO, which leads to toxicity via

peroxynitrite generation [50].

In conclusion, the present study demonstrates through several lines of evidence that iNOS is

key to peroxynitrite-mediated protein radical formation, which might have consequences in

several neurodegenerative diseases including Parkinson’s disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
LPS triggers microglial activation and changes in morphology. Phase contrast images

showing morphology of BV2 cells treated with different concentrations of LPS for 24 hours.
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Figure 2.
LPS induces protein radical formation in BV2 cells. (A) Confocal images showing the anti-

DMPO staining of BV2 cells treated with 500 ng/ml LPS and 50 mM DMPO for 24 hours in

the presence and absence of pretreatment with FeTPPS (10 µM), L-NAME (100 µM),

1400W (10 µM), and apocynin (1 mM). (B) Anti-DMPO ELISA from the nuclear and

cytosolic fractions of LPS-treated BV2 cells. (C) Anti-DMPO ELISA of BV2 cells treated

with 500 ng/ml LPS and 50 mM DMPO for 24 hours in the presence and absence of

pretreatment with FeTPPS (10 µM), L-NAME (100 µM), 1400W (10 µM), and apocynin (1
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mM). Data show mean values ± SEM or representative images from three independent

experiments (n=6). (*** P<0.001, with respect to control, and ### P<0.001, with respect to

the LPS-treated group.)
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Figure 3.
LPS induces tyrosine nitration in BV2 cells. (A) Confocal images showing anti-3-nitro-

tyrosine staining of BV2 cells treated with 500 ng/ml LPS and 50 mM DMPO for 24 hours

in the presence and absence of pretreatment with FeTPPS (10 µM), L-NAME (100 µM),

1400W (10 µM), and apocynin (1 mM). (B) Anti-nitrotyrosine ELISA of BV2 cells treated

with 500 ng/ml LPS and 50 mM DMPO for 24 hours in the presence and absence of

pretreatment with FeTPPS (10 µM), L-NAME (100 µM), 1400W (10 µM), and apocynin (1

mM). Data show mean values ± SEM or representative images from three independent
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experiments (n=6). (*** P<0.001, with respect to control, and ### P<0.001, with respect to

the LPS-treated group.)
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Figure 4.
Measurement of peroxynitrite formation by monitoring the oxidation of coumarin-7-boronic

acid. (A) Cells were incubated with LPS (500 ng/ml) for 21 hours and then CBA was added

(20 µM) to the medium. (B) Cells were incubated with LPS (500 ng/ml) and TNFα (50

ng/ml) in the presence and absence of the iNOS inhibitor 1400W (10 µM) for 21 hours, and

then co-treated with CBA and PMA (200 ng/ml) in the same medium. Additionally, in some

samples, the O2 •− scavenger SOD (500 U/ml) and/or the H2O2 scavenger catalase (1000
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U/ml) were added along with CBA and PMA. Continuous fluorescence intensity

measurements were initiated immediately after CBA was added.
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Figure 5.
Correlation between iNOS expression and protein radical formation. Anti-DMPO and anti-

iNOS ELISA of BV2 cells exposed to 500 ng/ml LPS and 50 mM DMPO (0–48 hours).

Data show mean values ± SEM from three independent experiments (n=6).
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Figure 6.
Effect of iNOS inhibition/silencing on LPS-induced protein oxidation in BV2 cells. (A) BV2

cells were transfected with siRNA1, 2, 3 of iNOS or control (scrambled) siRNA. Forty-eight

hours later, cells were incubated with LPS (500 ng/ml) for 24 hours and then harvested for

Western blot. The upper panel shows a Western blot of iNOS and the lower panel shows the

band density ratio of iNOS and β-actin. (B) BV2 cells transfected with most effective

siRNA#2 for iNOS or cells exposed to direct (1400W) or indirect (PDTC, SB202190)

inhibitors of iNOS were analyzed by Western blot (upper panel). The lower panel shows the

band density ratio of iNOS and β-actin. (C) Anti-DMPO ELISA of BV2 cells treated with

500 ng/ml LPS and 50 mM DMPO for 24 hours in the presence and absence of iNOS
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silencing/inhibition. Data show mean values ± SEM or representative images from three

independent experiments (n=6). (*P<0.05, ** P<0.01, *** P<0.001, with respect to control,

and ### P<0.001, with respect to the LPS-treated group.
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Scheme.
iNOS is crucial to LPS-induced protein radical formation in microglia

Role of iNOS in LPS-induced protein radical formation in BV2 cells.
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