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Material and Methods
Reagents. All cell culture media were prepared by the University of California San Francisco Cell Culture Facility, San Francisco, California using deionized water and analytical grade reagents. The protein concentration of cell lysates was determined using either a Bio-Rad protein assay kit (Biorad, CA) or a BCA kit (Pierce, Rockford, IL). G-LISATM RhoA and cdc42 activity assays were measured with a kit from Cytoskeleton, Inc. (Denver, CO). RhoC activity was measured using an assay developed by Kenneth van Golen, Ph.D., Assistant Professor, Department of Biological Sciences, University of Delaware, Newark, Delaware. Collagen-coated polycarbonate membrane Costar Transwells were obtained from Fisher Scientific (Santa Clara, CA). Polycarbonate Transwells with a 0.4 (m pore size were obtained from Corning Costar Co. (Cambridge, MA). Enzyme-linked immunosorbent assay kits for mouse keratinocyte-derived chemokine and active transforming growth factor-(1 were purchased from R&D Systems, Inc., (Minneapolis, MN) Myeloperoxidase activity was measured with a mouse myeloperoxidase kit HK210 from Cell Sciences (Canton, MA). Monoclonal antibodies against cell surface molecules expressed on rat macrophages (CD4/CD32/CD45/RMA) purchased from BD Biosciences-Pharmingen (San Diego, CA). Soluble chimeric transforming growth factor beta (TGF-β) type II receptor (TGFβ-scRII) was a generous gift from Gerald Horan, Ph.D., Senior Scientist, Biogen Idec, Cambridge, MA. 125I-labeled human serum albumin (Jeanatope ISO-TEX Diagnostics, Friendswood, TX) was used as radioactive tracer. All other reagents were purchased from Sigma (St. Louis, MO).
Cell culture. Bovine pulmonary arterial endothelial cells (ATCC, CCL-209; passages all < 8) were cultured, as previously described1. Bovine macrovascular lung pulmonary arterial endothelial cells were cultured on transwells for 4 days until they formed confluent monolayers. Confluent monolayers were exposed to P. aeruginosa or vehicle. Cells were kept in Dulbecco's modified Eagle's medium/H21 medium containing 10% low endotoxin fetal bovine serum and 1% penicillin/streptomycin/amphotericin in a humidified 95% air and 5% CO2 environment at 37 °C. 
Primary rat alveolar epithelial type II (ATII) cells were isolated as previously described 2. Briefly, cells were isolated by elastase digestion followed by negative selection using four monoclonal antibodies against cell surface molecules expressed on rat macrophages (CD4/CD32/CD45/RMA). These monoclonal antibodies were pre-incubated with Dynabeads M-450 (magnetic beads with sheep anti-mouse immunoglobulin G, Dynal ASA, Oslo, Norway) in 0.1% bovine serum albumin/phosphate-buffered saline.  After removing unbound monoclonal antibodies, rat ATII cells were mixed with the bead suspension and rocked gently for 30 min at 4(C. Unbound cells were isolated and plated on polycarbonate Transwells with a 0.4 (m pore size. Cells were seeded at a concentration of 1.5 x 106 cells/cm2 in defined minimal essential medium -H21 medium containing 10% low endotoxin fetal bovine serum, 1% penicillin and streptomycin and kept at 37(C in a humidified 95% air-5% CO2 environment. Twenty-four hours later, nonadherent epithelial cells were removed by washing with phosphate-buffered saline and fresh medium added to the lower compartments of the Transwells, thus maintaining the ATII cell monolayers with an air-liquid interface on their apical side. After 72-96 h, cells that formed confluent monolayers reaching a transepithelial electrical resistance greater than 1500 ohms.cm2 were used for experimentations.
MDA435 cells that were used to test the specific RhoA inhibitor (CGX0287) were grown nearly to confluence, and the growth medium (defined minimal essential medium, 10% fetal bovine serum) was replaced without serum and incubated with compound for 12 h, fetal bovine serum was added to 10% and after 5 min, cells were chilled, harvested and lysed in ice cold buffer (50mM Tris. Ph 7.4,100 mM NaCl, 10% glycerol, 1% NP40 and 2 mM MgCl).
· Identification of RhoA-selective antagonists. Using the XenoGene™ technique previously described in detail (US patent 6998261), we replaced the Saccharomyces cerevisiae small guanosine triphosphatase gene, Rho1, which is essential for yeast growth, with the human RhoA gene (NM001664.2) such that the corresponding S. cervisiae strain grew normally with a functional human RhoA. A panel of similarly constructed yeast strains each containing a different human gene replacing an essential S. cerevisiae gene was used to screen a small-molecule library (approximately 105 diverse compounds) to identify compounds that selectively inhibited the RhoA dependent strain. Among a large number of compounds, we identified in pilot studies a compound (CGX0287) that we tested on a panel of Rho- guanosine triphosphatase-dependent strains to determine the IC50 on the target (RhoA) and closely related human small guanosine triphosphatase (see table 1 in the text).
Preparation of P. aeruginosa. The wild-type strain of P. aeruginosa was a kind gift from Stephen Lory, Ph.D., Professor, Department of Microbiology and Molecular Genetics at Harvard Medical School, Boston, Massachusetts. For each experiment, frozen bacteria were inoculated into Luria-Bertani broth (Invitrogen, Carlsbad, CA), incubated for 6 h at 37°C on a rotating platform, and then diluted 1:100 in fresh Luria-Bertani broth. After 16–18 h of incubation at 37°C, the stationary phase bacteria were pelleted, washed three times in phosphate-buffered saline, and suspended in phosphate-buffered saline to a concentration adjusted by optical density at 600 nm, as 1 x 109 cfu.ml-1 for endothelial and epithelial permeability and RhoA activity experiments or 2 x 108 cfu.ml-1 for instillation in mice (50 µl preparation per mouse).
Measurement of transendothelial and transepithelial albumin flux. Transendothelial albumin flux was measured as previously described1. Briefly, cells were seeded onto 6.5 mm collagen-coated PFTE membrane Costar Transwells at 1 x 105 cells per well and cultured for 4 days. Cells were exposed to P. aeruginosa for 3 h (bacterial to bovine cell ratio: 1:2). In some experiments, cells were pretreated with CGX0287 (10µM) or its vehicle for 1 h. During the last hour of incubation with P. aeruginosa strains, 125I-albumin (0.05 µCi) was applied to each upper compartment at 37°C. After 1 h, the media from the lower compartment were collected and counted in a Wallac Wizard γ-counter (PerkinElmer, Inc., Shelton, CT). Only monolayers retaining more than 95% of tracer at baseline were studied.
Transepithelial permeability was determined by measuring transepithelial albumin flux, as previously described3. Cells were seeded onto 6.5-mm Costar Transwells at 0.5 x 106 cells per well and cultured for 4 days. Cells were exposed to P. aeruginosa for 3 h (bacterial to cells cell ratio: 1:2). In some experiments, cells were pretreated with CGX0287 (10µM) or its vehicle for 1 h before exposure to P. aeruginosa. During the last hour of incubation with P. aeruginosa, 125I-albumin (0.05 µCi) was applied to the upper compartment at 37°C. After 1 h, media from the lower compartments were collected and counted in a Wallac Wizard gamma-counter (PerkinElmer, Inc.). Only monolayers retaining more than 95% of tracer at baseline were studied. 
RhoA, RhoC and cdc42 activity assay in cells. RhoA activity in lung endothelial and alveolar epithelial cell monolayers was measured using a luminescence-based G-LISATM RhoA activation kit according to the manufacturer's instructions (Cytoskeleton, Inc.). RhoC activity was measured using an assay developed by Kenneth van Golen, Ph.D., Assistant Professor, Department of Biological Sciences, University of Delaware, Newark, Delaware. Briefly, endothelial and alveolar epithelial cells were cultured for 4 days. Then, P. aeruginosa (bacterial to cell ratio: 1:2) or its vehicle was placed on the cells for 10 minutes prior to harvesting of cell lysates. Lysates were clarified by centrifugation at 4°C (14,000 x g, 2 min), the protein concentration determined and final protein concentrations adjusted to 1.0 mg/ml. The lysates were added to plates coated with a Rho- guanosine triphosphatase binding protein, prior to incubation for 30 min at 4oC.  Then, a primary antibody specific for RhoA was added and incubated for 45 min at room temperature. Lastly, a horseradish peroxidase-conjugated secondary antibody was added and incubated for 45 min at room temperature.  Luminescence was determined using the Wallac Victor 1420 (PerkinElmer, Inc.).
RhoA, RhoC and cdc42 activities were measured in MDA435 cells that were grown nearly to confluence in growth medium (defined minimal essential medium, 10% fetal bovine serum), and then incubated in defined minimal essential medium without fetal bovine serum, with compound for 12 h.  Clostridium difficile (C. difficile) toxin B, a nonspecific inhibitor of Rho- guanosine triphosphatase, was used as a control. Small guanosine triphosphatase activation was stimulated by the addition of 10% fetal bovine serum.  After 5 min the cells were chilled, harvested and lysed in ice-cold buffer (50 mM Tris. Ph 7.4, 100 mM NaCl, 10% glycerol, 1% NP40 and 2 mM MgCl). 
Active TGF-(1 assay. TGF-(1 activity in the medium of alveolar epithelial cell monolayers was measured as previously described3. Briefly, alveolar epithelial cells were cultured for 4 days. Then, P. aeruginosa (bacterial to alveolar epithelial cell ratio: 1:2) or its vehicle was placed on the cells for 3 h. The media were collected and TGF-(1 activity was measured using an enzyme-linked immunosorbent assay kit for measuring active TGF-(1 (R&D Systems, Inc.) according to the manufacturer's instructions.
Cell viability assay. Cell viability was measured by the Alamar Blue assay after exposure to the various experimental conditions. Cell media were replaced with medium containing 10% Alamar Blue and placed at 37 °C in a cell incubator for 2 h. The media were collected and read on a spectrophotometric plate reader at 530 nm.

Mice. Wild type C57BL/6 mice were purchased from Jackson Laboratories, Bar Harbor ME. Mice were maintained in an air-filtered, temperature-controlled (24°C), pathogen-free barrier with free access to food and water. Room humidity was controlled between 35 and 40%. Mice were 8–10 weeks of age at the time of experimental infection. All animal experiments were approved by the Institutional Animal Care and Use Committee of the University of California (San Francisco, California).

Pneumonia model. Mice were anesthetized with tribromoethanol (250 mg/kg, intraperitoneally). The mouse was laid on a board with its head elevated at 45°. Then, 50 µl of phosphate-buffered saline containing 1 x 107 colony-forming units of P. aeruginosa was instilled into both lungs through the trachea via the mouth by using a 27G gavage needle. The mouse was allowed to recover for 15 min prior replacement into the cage. Mice were active and appeared normal after 30 min. At 4 h after the bacterial instillation, mice were euthanized with a larger dose of tribromoethanol (500 mg/kg, intraperitonneally). Blood samples were collected in a sterile fashion through puncture of the inferior vena cava after laparatomy and bilateral thoracotomies had been done. The mouse lungs were removed, weighed, and homogenized for lung vascular permeability measurements. Alveolar fluid clearance was measured. Bronchoalveolar lavage fluid was obtained. Bacterial concentration was determined by quantitative culture of homogenized lung, blood and spleen tissue. 

Lung vascular permeability measurement. Lung endothelial permeability to protein (%) and excess lung water  (µl) were measured, as previously described 3. Briefly, 0.5 µCi of 125I-albumin was injected intraperitoneally 4 h before sacrificing the animals to ensure adequate tracer distribution. The blood was collected through puncture of the inferior vena cava. Then, the lungs were removed, counted in a Wizard γ-counter (PerkinElmer, Inc.), weighted, and homogenized. The homogenate was weighted and a fraction centrifuged (12,000 x g, 8 min) for assay of hemoglobin concentration in the supernatant. Another fraction of homogenate, supernatant and blood were weighted and then dried in an oven (60°C for 48 h) for gravimetric determination of the extravascular lung water. The lung wet-to-dry weight ratio (lung W/D ratio) was determined by the following standard formula:

Extravascular lung water  =  (lung W/D ratioexperimental x lung dry weightexperimental

– lung W/D rationormal x lung dry weightnormal) x 1000 (µl)

Endothelial permeability was calculated as the counts of 125I-albumin in the blood free lung tissue divided by the counts of 125I-albumin in the plasma. 

Measurement of alveolar fluid clearance. All alveolar fluid clearance measurements were performed on C57BL6 mice (20-25 g) as previously published4. The mice were euthanized by an intraperitoneal injection of pentobarbital (10 mg/kg) and quickly tracheotomized prior to fluid instillation. Each mouse was instilled with 0.4 ml of 5% bovine serum albumin/physiological saline solution containing 0.5 (Ci 125I-albumin. In some experiments, terbutaline (20 µM) was added to the instilled solution. After instillation into the airways, a first aliquot was taken as the reference sample (T0). The tracheotomy cannula was then immediately connected to continuous positive pressure circuit delivering air with a positive pressure of 8 cm H2O. The mice were subject to the continuous positive pressure for 30 min after which duplicate aliquots were sampled (T30) from the distal airspace. All the samples were weighed and radioactivity was measured using a gamma counter. The alveolar fluid clearance is expressed as the percentage of alveolar fluid volume cleared during 30 min using the following equation: Alveolar Fluid Clearance = 1 - (PInstilled/PFinal) x 100, where PInstilled is the initial 125I-albumin concentration and PFinal is the final 125I-albumin concentration. 

Bronchoalveolar lavage. Bronchoalveolar lavage fluid was collected by infusing 1 ml of sterile phosphate-buffered saline (containing 5mM EDTA) into the lungs of the mice after tracheal cannulation, as previously described 5. Gentle suction was applied and approximately 85% of the fluid was withdrawn from the lungs. The collected fluid was centrifuged at 6,000 rpm for 5 min. The supernatant was stored immediately at -80(C for protein concentration and for keratinocyte-derived chemokine measurements.
Bacteria cultures from the lungs, spleen and from blood.  Mouse blood, spleen and lungs were collected in a sterile fashion. The lungs and spleen were homogenized in sterile containers and the homogenates were serially diluted and plated in triplicate on sheep-blood agar plates. Blood was collected in sterile tubes containing 10% sodium citrate, prior to serial dilution and plating in triplicate on sheep-blood agar plates for bacterial colony counts. 
 Keratinocyte-derived chemokine measurement. Bronchoalveolar lavage fluid was collected. Bronchoalveolar lavage fluid sample was diluted 5 times for concentration measurements. Enzyme-linked immunosorbent assay for keratinocyte-derived chemokine was carried out according to the manufacturers’ protocol. 
RhoA activity measurement in whole lung tissue. Lungs were isolated and quickly frozen into liquid nitrogen. Lungs were kept at -80°C until used. Lung homogenization was performed using a tissue homogenizer (Tissue tearor model 985-370, Biospec Products, Inc., Racine WI) with the lysis buffer and the protease inhibitor provided by the company (G-LISA RhoA activity assay, Cytoskeleton, Inc.). One ml of lysis buffer was used for 100 mg of tissue. The lung homogenates were then centrifuged (10 min at 15,000 rpm). The supernatants were collected and kept on ice. A protein assay was performed on the supernatants (using the reagent from the company), and the samples were adjusted to the same protein concentration. RhoA activity was then measured following manufacturer’s instructions.
Lung myeloperoxidase measurement. Lungs were isolated and quickly frozen into liquid nitrogen. Lungs were kept at -80°C until used. Lung homogenization was performed using a tissue homogenizer (Tissue tearor model 985-370, Biospec Products, Inc.) with the lysis buffer and the protease inhibitor provided by the company (mouse MPO kit HK210 from Cell Sciences).
Histology. The trachea and both lungs were fixed by inflation at 25 cm H2O with 10% formalin and embedded in paraffin for histology. Five-micrometer sections were fixed in Histochoice (Fisher Scientific, Pittsburgh, PA) for staining with hematoxylin and eosin. Sections were evaluated by light microscopy by a pathologist who had no prior knowledge of the experimental groups. Gross examination was performed and images were taken by a digital camera. Interstitial edema was evaluated in perivascular areas. For each lung section, twenty perivascular spaces were studied. For each perivascular space, the interstitial and vessel wall thickness were measured using a micrometer. The ratio between the thickness of the perivascular edema and the vessel wall was calculated.
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