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In vitro and in vivo approaches to assess Rho-kinase activity
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Increased arterial tone and the resulting rise in peripheral vascular resistance are major determinants of the elevated arterial pressure in hypertension. The RhoA/Rho kinase signaling pathways is now recognized as a major regulator of vascular smooth muscle contraction and arterial tone. Here we describe methods to directly and indirectly assess Rho kinase activity in vitro, and in cells and tissues.

ii.

Introduction

Arterial hypertension is a major risk factor of myocardial infarction and stroke that affects 25% of the adult population in industrialized societies. Increased arterial tone and the resulting rise in peripheral vascular resistance are major determinants of the elevated arterial pressure in hypertension (1). Since the discovery of the essential role of RhoA/Rho kinase (ROCK) signaling in the regulation of vascular tone (2) and the anti-hypertensive effect of ROCK inhibitors (1, 3), much evidence has accumulated to implicate ROCK activation as a common component for the pathogenesis of hypertension. Accordingly, ROCK inhibitors are now considered as promising future therapies against cardiovascular diseases (4).

Vascular tone is regulated by arterial wall smooth muscle cells contraction that depends on the myosin light chain phosphorylation (2). Activation of the RhoA/ROCK pathway leads to increased myosin light chain phosphorylation through inhibition of the myosin light chain phosphatase activity by phosphorylation of its regulatory subunit MYPT-1 at inhibitory sites T696 and T850 (5). T850 is considered to be a ROCK-specific phosphorylation site whereas T696 can be phosphorylated by other kinases (5). There are two isoforms of ROCK, ROCK 1 and ROCK2 that are both expressed in many tissues, including in vascular smooth muscle cells.

Nevertheless, although both ROCK1 and ROCK2 regulate myosin light chain phosphatase and myosin light chain phosphorylation, the control of vascular smooth muscle cell contractility essentially depends on ROCK2 (6).

All these data point out the need to assess ROCK activity both in vitro as well as in cells or tissues and this chapter describes suitable methods for such ROCK assays.

These methods are dedicated to ROCK2, but similar assays can be performed for ROCK1 with the corresponding specific tools. In vitro kinase assay with recombinant ROCK2 allows to directly measure the enzymatic activity and to screen putative ROCK inhibitors while the same assay with ROCK2 immunoprecipitated from vascular cells and tissues from patients or animal models, gives access to the kinase activity in different physiological or pathological situations. This assay consists in measuring, by scintillation counting, the ROCK-mediated incorporation of 32 P into a substrate peptide. The measurement of the level of phosphorylation of MYPT-1 by immunoblotting is an alternative but indirect method to assess ROCK in vascular smooth muscle cells and tissues with the advantage to be cheaper, easier and safer to set up because of the absence of radioactivity.

Materials

Water used to prepare all solutions must be deionized and free of trace organic contaminants (ultrapure water). Solutions could be prepared previously and stored at 4°C. For kinase assay, buffers should be used the same day it is prepared. 5. Add 1 mL of phosphoric acid solution for 6 min at room temperature and empty the wells. Repeat two times this step (Note 4).

6. Dry and place P81 paper in plastic tube. ROCK activity is measured by the radioactive label counting of [γ 32 P] ATP in a scintillation counter.

Immuno-precipitated ROCK assay protocol

1. Cell culture: For each condition to be analyzed, a 10 cm culture dish with vascular smooth muscle cells at 80% confluency is necessary (Note 5). Wash the dish with icecold PBS, aspirate and add 1 mL of ice-cold lysis buffer onto the dish (Note 6). Incubate 5 min and scrape cells off the surface with a cell scraper or a rubber policeman. Dissociate the mixture by pipetting up and down, and transfer to a 2 mL tube.

Tissue samples: Frozen tissues are dropped into 5 volumes of lysis buffer (5 mL/g of tissue). Homogenize the sample on ice using a Polytron-type homogenizer.

2. Centriguge lysates at 1500 x g for 10 min at 4°C. 8. In wells of a 96-well plate, incubate 20 µL of beads with 30 µL of the mix described in the section 3.1.1 (step 1). 9. Heat the plate at 30°C for 30 min. 12. Dry and place P81 paper in plastic tube. ROCK activity is measured by the radioactive label counting of [γ 32 P] ATP in a scintillation counter.

2. 1

 1 Rho-kinase activity assay 3.1 In vitro ROCK assay 3.1.1 Purified active ROCK assay protocol 1. Mix 978 µL of kinase buffer, 497 µL of Mg 2+ Cl2/ATP cocktail, 72 µL of long S6 kinase substrate peptide and 50 µL of [γ 32 P] ATP solution. 2. In a 96-well plate, add 15 µL of the mix, 5 µL of ROCK2 solution (20 mU) and 5 µL of putative ROCK inhibitor to be tested dissolved in the kinase buffer per well. Each molecule should be assayed at a minimum of two dilutions 5.10 -7 Μ and 5.10 -5 M. Each dilution should be tested in duplicate (Note 2). Each experiment must contain a minimum of two blanks (15 µL of the mix and 10 µL of kinase buffer), two positive controls (15 µL of the mix, 5 µL of ROCK2 solution and 5 µL of kinase buffer) and two wells with a reference inhibitor at 10 µM (15 µL of the mix, 5 µL of ROCK2 solution and 5 µL of 50 µM fasudil (Sigma, cat. number H139) or Y27632 (Sigma, cat. number Y0503) solution in kinase buffer (Note 3).3. Heat the plate at 30°C for 30 min. 4. Transfer 20 µL of each well in 24-well/ P81 paper and incubate 8 min at room temperature.

3 .

 3 Collect the supernatant and determine protein concentration of the supernatant.4. Collect 1000 µg of total protein of the supernatant and bring the total volume to 1 mL using lysis buffer.5. Add 2 µL of ROCK2 antibody (Santa Cruz, cat. number sc1851) and incubate 12 h at 4°C. 6. Add 20 µL of Protein G Sepharose and incubate at 4°C for 30 min.7. Centrifuge tubes for 30 sec at 1000 x g. Aspirate the supernatant and wash the beads with 1 mL of kinase buffer. Vortex and collect the beads again by centrifugation. Repeat this step three times. After the last centrifugation, resuspend the beads in 20 µL of kinase buffer.

10 .

 10 Transfer 40 µL of each well in 24-well/ P81 paper and incubate 8 min at room temperature.11. Add 1 mL of phosphoric acid solution for 6 min at room temperature and empty the wells. Repete two times this step (Note 3).

Notes

Note 1: To prevent decrease activity of ROCK2, avoid freeze and thaw. Prepare aliquots of ROCK2 enzyme and stock them at -70°C. Note 2: Triplicate is strongly recommended for statistic analysis. Note 3: Positive and negative controls are crucial for the interpretation of the experiment. Quadriplate is recommended. Note 4: Avoid splash during washes to prevent radioactive contamination. Note 5: Culture of vascular endothelial cells or leucocyte suspension can be used in the same way. Note 6: Keep always the plate on ice to stop all enzymatic activities. Note 7: The efficency of transfer can be evaluated by Ponceau stain. Note 8: Low or no signal could mean that the induction of the phosphorylation is not sufficient. Run a positive control with your samples to confirm the validity of the immunoblotting. Aknowledgement This work was supported by the Institut National de la Santé et de la Recherche Médicale (INSERM) and grants from the Agence National de la Recherche (ANR-09-JCJC-0115-01 and ANR-08-GENO-040-01) and the Fondation pour la Recherche Médicale (DEQ20090515416).