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Summary

Inducible nitric oxide synthase (iNOS) functions as a homodimer. In

cell extracts, iNOS molecules partition both in cytosolic and particulate

fractions, indicating that iNOS exist as soluble and membrane associated

forms. In this study, iNOS features were investigated in human intestinal

epithelial cells stimulated with cytokines and in duodenum from mice

exposed to flagellin. Our experiments indicate that iNOS is mainly

associated to the particulate fraction of cell extracts. Confocal

microscopy showed a preferential localization of iNOS at the apical pole

of intestinal epithelial cells. In particulate fractions, iNOS dimers were

more abundant than in the cytosolic fraction. Similar observations were

done in mouse duodenum samples. These results suggest that, in

epithelial cells, iNOS activity is regulated by localization-dependent

processes.
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Introduction

The inducible nitric oxide synthase (iNOS) protein is responsible for

sustained release of nitric oxide (NO) and is typically synthesized in

response to pro-inflammatory stimuli [1]. iNOS protein is induced in a

large variety of human diseases, including intestinal disorders such as

chronic inflammatory bowel diseases and colon adenocarcinoma [2-4].

The pathobiological function of NO still remains largely uncertain in

view of the multiple and even opposite effects of NO. In fact, besides the

amount of NO produced, it has been recently suggested that the NO-

mediated actions depend on many other factors such as the nature of

iNOS induction signal, the cellular and subcellular site of production,

subsequent interactions with other cell components and redox

environment [5-7]. Although iNOS was originally described as a cytosolic

protein [8], it is distributed between cytosol and particulate fraction in

activated macrophages [9-11]. It is also present in the particulate but not

the cytosolic fraction from guinea-pig skeletal muscle [12] and it localizes

in vivo to the apical domain of human bronchial and kidney epithelial

cells [13]. iNOS protein is active in a dimeric form [14] but both dimers

and monomers can be found in cytoplasm. About 60% of cytosolic iNOS

is dimeric in activated murine macrophages [15] and 70% in activated rat

hepatocytes [16]. However, nothing is known about dimer-monomer ratio

of particulate iNOS. This may be relevant for understanding the control

of iNOS and defining targeting strategies for iNOS inhibition. The aim of

this study was therefore to characterize iNOS activity both in vitro, using
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cytosolic and particulate fraction of activated human intestinal epithelial

cells [17], and in vivo, using duodenum samples from mice exposed to

bacterial flagellin, which is known to upregulate iNOS expression in

intestinal epithelial cells [18].

Experimental procedures

Cell culture

Human intestinal epithelial DLD-1 cells (ATCC CCL-221) were

cultured and stimulated with 100 units/ml IFN-γ , 200 units/ml IL-6

(Roche Molecular Biochemicals, Rotkreuz, Switzerland), and 0.5 ng/ml

IL-1β (Calbiochem, La Jolla, CA, USA) to induce iNOS as previously

described [17]. A stimulation period of 14h was selected from a time

course study establishing that iNOS production and activity, which were

undetected in control cells, reached maximal levels within 10 hours of

cytokine exposure and then remained stable during the following six

hours [19].

To investigate iNOS induction in polarized epithelial cells, human

intestinal epithelial Caco-2 clone 1 cells, stimulated with cytokines as

above were used. Caco-2 cells were grown either on plastic dishes as

previously described [20], or on Transwell (6 mm in diameter, 3 µm pore;

Corning Costar, Cambridge, MA) where integrity of the epithelial layer

was verified by measurement of transepithelial resistance [21].

In some experiments DLD-1 or Caco-2 cells transfected with human

iNOS coding cDNA [22] subcloned into the NotI site of the pCIpuro

vector, which contains a puromycin resistance gene (kindly provided by
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Dr. J. Mirkovitch, Swiss Institute for Experimental Cancer Research,

Epalinges, Switzerland) were used.

 Mice exposure to flagellin

Protocols involving animals were reviewed and approved by the

State Authority (Commission du Service Veterinaire Cantonal, Lausanne,

Switzerland). C57BL/6 mice (8–10 weeks old) were challenged (i.v.)

with 1 µg of flagellin purified as previously described [21]. Mice were

sacrificed after 2h by cervical dislocation and duodenal tissue was

processed for RNA and protein analysis as described below.

Cell or tissue lysate preparation and subcellular fractionation

Cell monolayers or 1 cm duodenum tissue were suspended in lysis

buffer (50 mM HEPES pH 7.4, 1 mM EGTA, 10% glycerol, 2 µM

tetrahydrobiopterin, 2 µM FAD, 5 µg/ml pepstatin, 3 µg/ml aprotinin, 10

µg/ml leupeptin, 0.1 mM 4-(2-aminoethyl)-benzenesulfonyl fluoride, 1

mM sodium vanadate and 50 mM sodium fluoride). Cell samples were

then homogenized by three freeze-thaw cycles. Tissues were

homogenized using Polytron (Kinematica AG, 6014 Littau, Switzerland).

Aliquots of homogenate were centrifuged at 100,000 x g for 15 minutes

at 4°C (Beckman Optima TLX Ultracentrifuge). The pellet

corresponding to the particulate fraction (48.4±2.7% and 53.8±4.7% of

the protein in cultured cells and tissue, respectively) was resuspended by

two freeze-thaw cycles in a final volume of lysis buffer equal to the

cytosolic. To check cell fractionation, activity of the cytosolic marker

lactate dehydrogenase was measured [23] and Western blot analysis of
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Na+, K+-ATPase, a membrane marker, was performed using a rabbit anti

α−subunit antibody (1:20,000) [24].

To further characterize epithelial iNOS, the particulate fraction, was

exposed to one of the following treatment: 1) extraction with 1 M KCl, 2)

incubation for 1 hour at 4°C with one of the following components

prepared in lysis buffer: 0.1 M Na2CO3 pH 11; 125 mM NaCl; 1% Triton

X-100 (TX-100); 1% TX-100 in the presence of 125 mM NaCl, 3)

resuspension in 0.17 M sucrose, 30% glycerol, 10 mM glycine buffer, pH

8.0, containing 0.25% each of sodium deoxycholate (DOC) and Lubrol

PX and 1.6 µM CaCl2 and immediate sonication at full power for 10 sec

at 4°C [25]. All extracts were separated by centrifugation at 100,000 x g.

The supernatant, corresponding to the soluble fraction, was retained and

the resulting pellet, corresponding to insoluble material, was resuspended

by sonication in the same volume as supernatant.

iNOS activity

Calcium-independent NOS activity was assessed by measuring the

conversion of L-[H3]-arginine to L-[H3]-citrulline, as previously

described [26]. iNOS specific activity was calculated from the ratio of

citrulline production to iNOS protein levels.

Western blot analysis

Proteins determination and Western blot analysis were performed as

previously described [17,20]. Denatured proteins were separated on 7.5%

SDS-polyacrylamide gel. Anti human iNOS antibody (kind gift of Dr.

Mumford, Merck Research Laboratories, Rahway, NJ, USA), or anti-

murine iNOS (Transduction Laboratories, Lexington, UK) were diluted
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at 1:40'000 or 1: 2'000, respectively. Detection was achieved by

enhanced chemiluminescence (Amersham Pharmacia, Dubendorf,

Switzerland) and densitometry (Imagequant, Molecular Dynamics) was

performed on non-saturated films.

Laser dissection microscopy (LMD), RNA isolation and real-time

PCR

The gut was rinsed with ice-chilled PBS to remove the intestinal

content. One-cm long duodenum segments were cut and villi were

microdissected to extract RNA and prepare cDNA as previously

described27. The latter was amplified by the SYBR-Green PCR assay,

and products were detected on a Prism 5700 detection system (SDS,

ABI/Perkin-Elmer, Foster City, CA, USA). Beta actin RNA was used to

standardize total amount of cDNA. Primers for iNOS

(GCTGCCAGGGTCACAACTTT and

ACCAGTGACACTGTGTCCCGT) and for beta actin

(GCTTCTTTGCAGCTCCTTCGT and CGTCATCCATGGCGAACTG)

yielded PCR products of 71 and 59 bp, respectively. Specificity of PCR

was checked by analyzing melting curve. Relative mRNA levels were

determined by comparing (a) PCR cycle threshold between cDNA of

iNOS and beta actin (∆C), and (b) ∆C values between treated and

untreated conditions (∆∆C) as previously described7,27.

Immunostaining and confocal microscopy

Caco-2 cells grown on Transwell filters were fixed in PBS 4%

paraformaldehyde then permeabilized 5 min with PBS 1% Triton.

Immunostaining was carried out by incubation with NO53 anti-iNOS
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antibody 1:10'000 followed by revelation using Cy3-conjugated anti-

rabbit-immunoglobulin (Ig) G antibodies (Jackson Immunoresearch

Laboratories, West Grove, PA) at a dilution of 1/200 for 45 minutes.

Filamentous actin expression was detected with Alexa Fluor 488

phalloidin (Molecular probes, Inc, Eugene OR, USA). Caco2 monolayers

were analyzed by an LSM-410 Zeiss confocal microscope. XZ sections

of monolayers were performed to determine iNOS localization.

Tissue specimens were frozen in OCT embedding compound (Sakura

Finetek Europe, Zoeterwoude, The Netherlands) and stored at –80°C.

Sections (5-µm thick) were fixed PBS 4% paraformaldehyde then

immersed in 0.01 M sodium-citrate buffer (pH 6.0) and placed into a

microwave oven for 10 min before incubation with the primary

antiserum. Antigen retrieval treatment significantly reduced the strong

background obtained in tissue using anti-murine iNOS antibody. Sections

were permeabilized 5 min with PBS 0.2% Triton, then sequentially

incubated with PBS containing 2% BSA, anti-murine iNOS (overnight at

4°C), followed by revelation using Cy3-conjugated anti-rabbit-

immunoglobulin. Since microwave treatment abolishes phalloidin

immunoreactivity, phalloidin staining was not performed on tissue

sections. For control of unspecific binding of the antibodies, we

performed control incubations by applications of isotype matched

antibodies directed against different defined antigens. All control

experiments were negative. Immunofluorescence was observed with a

Zeiss Axiophot immunofluorescence microscope.

Gel filtration chromatography
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To determine the relative amounts of iNOS dimers and monomers

present in cytosolic and solubilized particulate fraction, size exclusion

chromatography was carried out at 4°C using a Sephadex G200 gel

filtration column as already described for cytosolic fractions [15,16] or

fractions soluble in TX-100 [28]. The column was equilibrated with 40

mM Bis-Tris buffer pH 7.4, containing 2 mM DTT, 10% glycerol and

100 mM NaCl for human iNOS or 200 mM NaCl for murine iNOS [15,16].

Fractions were analyzed for iNOS protein by Western blot. The

molecular weights of the protein fractions were estimated relative to gel

filtration molecular weigh standards. Gel filtration fractions that fell

within a molecular mass range of 600 to 50 kDa (14 fractions) were

analyzed by Western blot as described above. The intensity of the iNOS

bands were quantitated by densitometry, integrated, and the ratio between

monomers and dimers was calculated from these values.

Data analysis

Values are means ± SEM of n independent experiments and

statistical analysis was performed using Student’s t-test.

Results

Subcellular distribution of iNOS protein and activity in vitro.

The distribution of iNOS protein in the cytosol and particulate

fraction was examined in DLD-1 cells exposed to cytokines. To

determine the partitioning of iNOS into soluble cytosolic and insoluble

membrane-associated forms, cell fractionation was performed. As

expected, lactate dehydrogenase activity was recovered at 98±4% (n=4)

in the cytosolic fraction, while membrane protein Na+, K+-ATPase was
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detected only in the particulate fraction (Fig. 1A), indicating that the

fractionation procedure is effective. iNOS protein was distributed at

66±2% and 34±2% in the particulate fraction and cytosol, respectively

(Fig. 1B and C), leading to a particulate to cytosol ratio of 2.0±0.1. To

investigate whether iNOS was delivered as an active enzyme, citrulline

production was also determined. Interestingly, compared to iNOS protein

ratio, iNOS activity partitioned in higher proportion in particulate vs

cytosolic fraction (66±2% versus 19±1%, respectively) (Fig. 1D). In

conclusion, iNOS specific activity was 1.8±0.1-fold higher for

particulate-bound iNOS than for the cytosolic one (p<0.001).

Subcellular distribution of iNOS dimers and monomers

To further characterize iNOS activity, various solubilization

protocols as described in material and methods were applied to

particulate fractions. As shown in Fig. 2A, complete iNOS protein

solubilization was achieved by TX-100/NaCl or Lubrol /DOC. However,

TX-100/NaCl reduced iNOS activity by 51±2% (n=3). Solubilization

with Lubrol/ was highly effective compared to other methods and

resulted in recovery of most iNOS activity (91.1±6.1 %) indicating that

this method is more appropriate to solubilize functional iNOS.

The biochemical properties of particulate bound iNOS were

independent of cytokine signaling since a similar extraction profile was

obtained in DLD-1 cells transfected with human iNOS cDNA (Fig.2B).

In transfected cells it was also possible to verify that the same activity

was recovered when cells were harvested either in lysis buffer or in
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Lubrol/DOC (data not shown), indicating that treatment with these

detergent does not result in artificial increase of iNOS activity.

Taken together these data indicate that in epithelial intestinal cells

iNOS intrinsically associates with particulate matter and intact activity

can be extracted with Lubrol/DOC.

Since iNOS activity requires dimerization14, we investigated iNOS

oligomerisation in cell fractions using gel filtration chromatography,

which allows defining the amount of monomers and dimers. Western blot

analysis of chromatography fractions showed that only dimers were

present in the particulate compartment (Fig.3). In contrast, some

cytosolic iNOS is in monomeric form (monomers/ dimers estimated to

0.33±0.06, n=3). Using this information it is possible to calculate how

much of the protein present in the cytosol (Fig.1) is under dimeric form.

Indeed total protein in this compartment is represented by the sum of

monomer plus dimer. Knowing that monomer=0.33*dimer, total iNOS

protein is equivalent to 1.33*dimer. Therefore, the level of dimer was

estimated to 26% (34%/1.33) of total iNOS in cytosol whereas it reached

100% in particulate fraction. Thus, iNOS specific activity standardized to

iNOS dimer levels was not significantly different in particulate-

associated and cytosolic iNOS. In conclusion, these results suggest that

the prevalence of iNOS dimers is essential for enrichement in iNOS

activity within the particulate fraction of epithelial cells.

Apical distribution of iNOS in intestinal epithelial cells
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To get more insight into the localization of iNOS in intestinal cells,

Caco-2 cells were investigated. CaCo-2 cells spontaneously differentiate

to enterocyte-like cells when they are cultured for 20 days after

confluency onto plastic or for 10 days on filters. At this stage they form

polarized monolayers sealed by tight junctions, and display a well-

developed apical brush border membrane expressing specific enterocyte

hydrolases [29]. As previously described [20], iNOS protein decreased

upon differentiation in CaCo-2 cells (Fig.4A left panel). After cytokine

addition, iNOS expression was dramatically increased in Caco-2 cells in

both proliferating and differentiated cells (Fig.4A left panel). iNOS was

also expressed after CaCo-2 transfection with human iNOS cDNA

(Fig.4A right panel). As in DLD-1 cells, iNOS was mostly associated to

particulate matter in cytokine-activated or iNOS-transfected cells (data

not shown). To correlate the iNOS partitioning in particulate fraction to a

specific subcellular distribution, immunostaining was performed on

differentiated enterocyte (Fig.4B). Confocal microscopy showed that

iNOS localized to the apical domain of enterocytes and co-localized with

filamentous actin (Fig. 4B left panel). The apical distribution was

independent of cytokine stimulation as assessed with Caco-2 cells

transfected with human iNOS cDNA (Fig.4B, right lower panel).

Taken together, these data suggest a specific localization of iNOS to

apical domains of intestinal epithelial cells.

Particulate fraction association of iNOS in vivo
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In order to determine the distribution of iNOS in intestinal epithelial

cells in vivo, experiments were conducted in mice injected with bacterial

flagellin. Flagellin activates TLR5, which induces iNOS expression in

intestinal epithelial cells in vivo [18]. Quantitative RT-PCR showed 5-

fold induction of iNOS mRNA levels in duodenum of flagellin-treated

compared to untreated animals (Fig.5A). We also found a 50-fold

induction of iNOS mRNA levels in microdissected epithelium from villi

(Fig.5A) which indicates that epithelial cells were the main source of

iNOS. In addition, production of iNOS protein was significantly

uupregulated in mice exposed to flagellin (Fig.5B). Immunostaining of

duodenum sections revealed that iNOS was distributed apically in

intestinal crypts (Fig. 6A) corroborating observation in cultured polarized

cells. Soluble and particulate fractions were extracted from intestinal

homogenate from flagellin exposed mice and analyzed by Western blot

(Fig. 6B, left panel). We found that iNOS protein was 4.6 fold more

abundant into the particulate fraction than into the cytosol. iNOS activity

was distributed 87±12% in the particulate fraction and 13±12% in the

cytosolic fraction (Fig. 6B, right panel). Thus, iNOS activity normalized

by total iNOS protein was 1.5-fold higher for particulate-bound iNOS

than for the cytosolic (p<0.05).

The iNOS monomers/ dimers ratio was 0.60±0.08 (n=3) for cytosolic

fraction and 0.20±0.04 (n=3) for the particulate fraction.  These results

indicate that iNOS dimer in flagellin-stimulated intestine corresponded to

11% and 69% in cytosol and particulate fraction, respectively. Therefore,
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the preferential partioning of iNOS activity into particulate fraction likely

results from the enrichement in iNOS dimers.

Discussion

While the occurrence of iNOS in particulate cellular fraction is

known for several years [9-11,13], the biological significance of this

association is not clear at the moment. Our results showed that both, in

vitro and in vivo, most iNOS protein or activity is associated to the

particulate fraction in intestinal epithelial cells. These results are

consistent with iNOS features in neutrophils from urine of patients with

bacterial urinary tract infection [30], primary proximal tubule, human

bronchial epithelial cells 16HBE14o- [13] and activated rodent

macrophages [9-11,28]. Previous studies have shown that iNOS interacts

with cytoskeleton via components like α-actinin 4 [28] and proteins

harboring spectrin-like motif [31]. We found that epithelial iNOS co-

localized also with actin cytoskeleton proteins. A recent study shows that

the C-terminus of iNOS promotes in vitro interactions with the PDZ

protein EBP50 [13]. Interestingly, EBP50 has different binding partners

including ezrin that can be anchored to the actin cytoskeleton [32].

Our solubilization protocol allows efficient recovery of iNOS

activity and analysis of monomer/dimer ratio in particulate fractions [14-

16,33]. Previous investigations focused on cytosolic fractions or fractions

soluble in 0.1% TX-100 [28], which do not represent total iNOS [10]. Our

data show that iNOS activity in epithelial cells is not only controlled by

the number of iNOS molecules but also by the oligomerisation feature in

subcellular fractions. Variation in iNOS specific activity was correlated
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to subcellular localization. In murine macrophages, co-expression of

Rac2, a member of the Rho GTPase family, led to a specific distribution

of iNOS to insoluble fraction. Furthermore, iNOS activity increases

without change in protein levels [34]. Similarly, inhibitiontion of iNOS

interaction with the α-actinin 4 results in loss of activity [28].

Targeting iNOS activity to specific cellular domain is independent of

stimulation since a similar distribution is observed in transfected cells.

Taken together these observations indicate that cells set up efficient

strategies to bring iNOS where NO production is required. This may be

necessary, as proposed by others35, to direct NO toward extracellular

pathogens, which, in intestinal cells, could be bacteria present in the

intestinal lumen. This hypothesis is supported by positioning of iNOS on

the apical side of intestinal crypts. Recently PDZ-binding α2/β1-NO-

sensitive guanylate-cyclase36 was found to be expressed in intestinal

tissue37. Active iNOS might be targeted to this NO-sensitive form of

guanylate cyclase via PDZ-dependent mechanisms. Nitric oxide can also

interact with superoxide to form the strong oxidant peroxynitrite38,39.

Superoxide is produced in vivo by membrane-associated NADPH

oxidase complex, which is present in intestinal epithelial cells40-42.

Exposure of NADPH oxidase expressing-human intestinal cells to

flagellin can increase superoxide production42. Combined with our

observation that flagellin increases expression of a particulate fraction-

associated iNOS, this suggests a co-localization and a functional synergy

between these enzymes.
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Different scenarios can be considered according to the iNOS dimer

enrichment in the particulate fraction. One possibility is that the

scaffolding protein anchoring iNOS to the particulate fraction recognizes

mainly the active dimer. This might explain why under denaturing

conditions iNOS did not immunoprecipitate with PDZ protein EBP50

[13]. Alternatively, monomers might have distinct turnover rate

depending on their subcellular localization. The fact that antifungal

molecule clotrimazole is able to change the ratio of dimeric to

monomeric iNOS in the cytosol without affecting total protein amount

[33,43] favors the hypothesis that iNOS monomers are stable in the

cytosol. On the other hand we have shown that proteasomal iNOS

degradation seems to occur in detergent insoluble domains [17].

In conclusion, this study in cytokine- or flagellin- stimulated

intestinal epithelial cells corroborated previous observations of iNOS

accumulation in the particulate cellular fraction and showed for the first

time that monomeric to dimeric iNOS ratio is different in particulate

versus cytosolic fraction. These results indicate a new regulation of iNOS

activity relying on localization-dependent molecular conformation and

provide tools for further investigation of the mechanisms involved in this

differential iNOS distribution.
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Figure Legends

FIG. 1. Subcellular distribution of iNOS in human cultured intestinal

cells. DLD-1 cells were incubated with cytokines for 14 hours before cell

fractionation. A, distribution of Na+, K+-ATPase or LDH in cytosol (C)

and particulate (P) fractions. B, Subcellular distribution of iNOS protein.

Equal volumes of the cytosolic and particulate were analyzed. C,

densitometric analysis of iNOS protein distribution. The protein amount

in each fraction was expressed relatively to the iNOS amount found in

homogenate and values are the means ± SEM from 7 independent

experiments. D, Subcellular distribution of iNOS activity. The enzyme

activity was determined by the amount of citrulline produced in cytosol

versus resuspended particulate fraction and was expressed as % of the

production measured in the whole cell homogenate (64.3±6.3

pmol/min.mg protein n=7). Values are the means ± SEM from 7

independent experiments.

FIG. 2. Effect of salts and detergents on iNOS association with

membranes in cultured cells. A. Particulate fractions prepared from

cytokine-treated cells were extracted with 1M KCl or incubated for 1

hour with one of the following components prepared in lysis buffer:

0.1M Na2CO3 pH 11; 125 mM NaCl; 1% TX-100; 1% TX-100 together

with 125 mM NaCl or sonicated after addition of Lubrol-DOC. Soluble

(S) and insoluble (I) material were separated by centrifugation at

100'000g. The insoluble pellet was resuspended by sonication in the
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same volume as supernatant and equal volumes of the two fractions were

loaded. B. DLD-1 cells transfected with iNOS were incubated for 1 hour

with one of the following components prepared in lysis buffer: 125 mM

NaCl; 1% TX-100; 1% TX-100 together with 125 mM NaCl or sonicated

after addition of Lubrol-DOC. Soluble (S) and insoluble (I) material were

separated by centrifugation at 100'000g. The insoluble pellet was

resuspended by sonication in the same volume as supernatant and equal

volumes of the two fractions were loaded. Blot shown is representative of

3 independent experiments.

FIG. 3. Distribution of iNOS monomers and dimers in solubilized

particulate fraction (P) and cytosol (C) of DLD-1 cells stimulated during

14h with cytokines. Lubrol-DOC extracts of particulate fraction and

cytosols were fractionated by gel filtration chromatography and column

fractions were analyzed by SDS-PAGE and Western blot. Fractions were

designated to contain iNOS dimers or monomers based on the estimated

molecular weight of the gel filtration fraction. Blot shown is

representative of 3 independent experiments.

FIG. 4. iNOS localizes to the apical domain of polarized intestinal

epithelial cells. A. Western blot analysis of iNOS expression 15h after

cytokine stimulation of proliferative vs differentiated cells (left panel) or

in Caco-2 cells transfected with iNOS (right panel). Actin was used as

control for protein loading. B. xz confocal sections of cytokine treated

CaCo-2 cells (left panel) or iNOS transfected CaCo-2 cells (bottom right
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panel, not all transfected cells expressed iNOS). Cells were

immunostained using anti -iNOS and phalloidine (F-actin detection).

Only F-actin staining was observed when sections from cells exposed to

cytokine15h were stained without the iNOS primary antibody (control:

upper right panel). The arrows indicate the position of the filter

(basolateral side of cells). Scale bar = 6 µm.

FIG. 5. Expression of iNOS in duodenum tissue of mice. A.

Quantification of iNOS mRNA induction by flagellin in whole tissue and

microdissected villi assessed by real-time PCR. B. Western blot analysis

of iNOS protein expression in control or flagellin exposed mice. Actin

was used as control for protein loading.

Fig. 6. Subcellular distribution of iNOS in murine duodenum tissue.

A. Duodenum sections of flagellin exposed or control mice were

immunostained using anti-iNOS antibody. Each condition is

representative of three mice. Scale bar = 40 µm. B. Homogenate (H),

cytosolic (C),  Lubrol/DOC extracted particulate fractions (S) and

insoluble pellet (I) were analyzed by Western blot (left panel).

Densitometric analysis of iNOS protein and distribution of iNOS activity

in cytosol vs Lubrol/DOC extracts (right panel). Whole duodenum

homogenate activity amounted to 32±14 pmol citrulline/min.mg prot

(n=4). Values are the means ± SEM from 4 independent experiments.



FIG. 1.

iNOS

B

D

C

Hom PC

Na+,K+-ATPase protein

97 kDa
C P

LDH activity

0
20
40
60
80
100

%
 o

f 
h

o
m

o
g

e
n

a
te

C P

A

0

25

50

75

C P

iN
O

S
 p

ro
te

in
 %

 o
f 

h
o

m
o

g
en

at
e

0

25

50

75

iN
O

S
 a

ct
iv

it
y

 %
 o

f 
h

o
m

o
g

en
at

e

C P



FIG. 2.

  iNOS

KCl

Na 2
CO 3

NaC
l

TX-1
00

NaC
l +

TX-1
00 Lu

br
ol 

+

DO
C

S I S I S I S I S I S I

A

B

TX-100
NaCl +
TX-100

Lubrol +
DOC

S          I    S          I    S          I    

  iNOS

Cytokine stimulated cells

iNOS transfected cells



Dimer Monomer

P

C

Fraction no:
 14    15   16   17   18   19   20    21  22    23    24

FIG. 3.



iNOS

actin

Proliferative   Differentiated

Cytokine    -          +          -          +
iNOSmock

A

B

cytokine stimulated 6h

FIG. 4.

control

iNOS transfected
cytokine stimulated 15h

Control

15h cytokines

6h cytokines



0

10

20

30

40

50

60

70

iN
O

S
 m

R
N

A
 f

o
ld

 in
d

u
ct

io
n

 
(f

la
g

el
lin

 t
re

at
ed

/c
o

n
tr

o
l)

duodenum
villi

FIG. 5.

A

iNOS

actin

PBS                       Flagellin
B

animal 1     2      3     4      5      6     7     8



20

40

60

80

100

C Lubrol/DOC
extract

%

activity

protein
H        C        S      I

Lubrol+
DOC

B

A

Flagellin Control

FIG. 6.


