
 

Supplemental Figure I. Integrin mRNA expression and the effects of αvβ3 blocking peptide on 
myogenic tone. A) Illustrative gel of the primary integrin mRNA products expressed in cerebral 
arteries; actin sample was diluted 20X.  B) Quantitative PCR analysis of integrin mRNA 



expression in cerebral arteries. C-F) Cerebral arteries were rapidly pressurized from 15 to 80 
mmHg for 5 min and diameter was assessed. This experiment was performed under control 
conditions and following treatment with αvβ3 blocking- (RGD, 20, 70, 210 µM) or αvβ3 control- 
(RAD, 20 70, 210 µM) peptide. Representative traces and summary data (n=6 arteries from 6 
animals for each group) are presented for endothelial intact (C and D) and endothelial denuded 
(E and F) arteries. * denotes significant increase from the preceding group. 
 

  



 

 

Supplemental Figure II. Concentration dependent effects of α4β1 blocking peptide on myogenic 
tone. Cerebral arteries were rapidly pressurized from 15 to 80 mmHg for 5 min and diameter 
was assessed. This experiment was performed under control conditions and following treatment 
with α4β1 blocking- (LDV, 20, 70, 210 µM) or αvβ3 control- (LEV, 20 70, 210 µM) peptide. 
Representative traces and summary data (n=6 arteries from 6 animals for each group) are 
presented in A and B, respectively. * denotes significant increase from the preceding group. 
  



 

 

Supplemental Figure III.  Effects of elevated pressure on MLC20 and MYPT1 phosphorylation. 

Paired cerebral arteries were pressurized from 20 to 80 mmHg; vessels were subsequently 

frozen in acetone and processed for phosphorylation assessment of MLC20, MYPT1-T855 or 

MYPT1-T697. Representative western blots and summary data (n=4-5 arterial pairs from 4-5 

animals) are present in A-C. * denotes significant increase from 20 mmHg.  This control data 

was original published in Mufti et al., 2010 and has been reprinted to provide comparative 

context for Figure 3.   

  



 

 

Supplemental Figure IV. Effects of Phospholipase C inhibition on MLC20 phosphorylation and 
myogenic tone. A) Paired cerebral arteries were pressurized to 80 mmHg for 5 min under 
control conditions or following treatment with U73433 (500 nM, control analog) or U73122 (500 
nM, general PLC inhibitor). Vessels were subsequently frozen in acetone and processed for 
MLC20 phosphorylation. Representative western blots and summary data (n=4 arterial pairs from 
4 animals for each group) are presented. B) Cerebral arteries were pressurized (20 to 100 
mmHg) and arterial diameter measured in the absence and presence of U733343 or U73122. 
Representative traces and summary data (n=6 arteries from 6 animals) are presented in B and 
C, respectively. * denotes significant increase from the preceding experimental step.  
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Animal Procedures 

Animal procedures were approved by the Animal Care and Use Committee at the 
University of Calgary. Briefly, female Sprague-Dawley rats (10-12 weeks of age) were 
euthanized via carbon dioxide asphyxiation. The brains were carefully removed and placed in 
cold phosphate-buffered saline solution (pH 7.4) containing (in mM): 138 NaCl, 3 KCl, 10 
Na2HPO4, 2 NaH2PO4, 5 glucose, 0.1 CaCl2, and 0.1 MgSO4. Middle and posterior cerebral 
arteries were carefully dissected out of surrounding tissue and cut into 2-3 mm segments.  
 
Quantitative PCR 

Total RNA was isolated from rat cerebral arteries using the RNeasy plus micro kit 
following manufacturer's recommendations. Reverse transcription was performed using the 
Quantitect reverse transcription kit. For the negative control groups, all components except the 
reverse transcriptase were included in the reaction mixtures. Real-Time PCR using validated 
Prime Time qPCR primers was performed using the Kapa SYBR Fast Universal qPCR Kit. Rat 
beta actin was utilized as the reference gene. Control reactions and those containing cDNA 
from cerebral arteries were performed with 1 ng of template per reaction. The running protocol 
extended to 45 cycles consisting of 95°C for 5 seconds (s), 55°C for 15s and 72°C for 10s using 
an Eppendorf Realplex 4 Mastercycler. PCR specificity was checked by dissociation curve 
analysis. No fluorescence was detected from template control samples. The mRNA abundance 
of the various integrin isoforms was determined by normalizing the cycle threshold (Ct) values to 
that of beta actin. 
 
Vessel Myography 

Arterial segments were mounted in a customized arteriograph and superfused with warm 
(37°C) physiological salt solution (PSS; pH 7.4; 21% O2, 5% CO2, balance N2) containing (in 
mM): 119 NaCl, 4.7 KCl, 20 NaHCO3, 1.1 KH2PO4, 1.2 MgSO4, 1.6 CaCl2, and 10 glucose.1  
Mounted arteries were equilibrated for 30 min at 15 mmHg and contractile responsiveness 
assessed by brief (~10 s) exposure to 60 mM KCl.  Next, mounted arteries were rapidly 
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pressurized from 15 to 80 mmHg; external diameter was monitored for 5 minutes (automated 
edge detection system; IonOptix, MA, USA). Arteries were then returned to 15 mmHg and 
equilibrated (20 min) with a low volume of PSS containing: 1) RGD or RAD (20, 70 or 210 μM); 

2) RGD or RAD (70 μM) followed by ryanodine (10 µM), diltiazem (30 M) and zero externally 
added Ca2+ + 2 mM EGTA (referred to as Ca2+ free PSS); or 3) LDV or LEV (20, 70 or 210 μM); 
or 4) a αvβ3 integrin monoclonal antibody (1:50).  Most, but not all experiments were performed 
on endothelial denuded arteries. Endothelial cells were removed by passing air bubbles through 
the lumen 2, 3; successful removal was confirmed by the loss of bradykinin-induced dilation in 
pressure constricted vessels (80 mmHg). Functional experiments were also performed on 
endothelial denuded arteries exposed to a pressure step protocol (20-100 mmHg, 20 mmHg 
steps) under control conditions and in the presence of: 1) diltiazem (30 μM) followed by  
xestospongin C (10 µM) and Ca2+ free PSS; or 2) diltiazem (30 μM) followed by 2-APB (50 µM) 
and Ca2+ free PSS.   
 
Ca2+ Wave Measurements and Analysis 

Whole arteries denuded of endothelium, were equilibrated for 20 min in HEPES buffer 
containing (in mM): 134 NaCl, 6 KCl, 1 MgCl2, 2 CaCl2, 10 HEPES and 10 glucose.4 Arteries 
were then exposed (45 min) to HEPES buffer containing 10 µM fluo-4 AM and 10 µM pluronic 
acid. Loaded arteries were then washed (30 min) in PSS and mounted for vessel myography as 
described.3, 4 To visualize Ca2+ waves, Fluo-4 loaded arteries were excited at 488 nm using a 
krypton-argon laser (power, 5-8 mW). Emission spectra (510 nM) were then viewed through a 
63X water immersion objective (1.2 NA) coupled in series with a dual Nipkow Spinning Disk 
Confocal head (Solamere Technology Group, UT, USA) and a Mega-10 ICCD camera (Stanford 
Photonics, CA, USA). In order to limit laser-induced tissue injury, image acquisition was set to 
30 second periods (10-20 frames/second) and movie files were analyzed offline with software 
provided by Stanford Photonics (CA, USA). A series of square boxes ( 1.5–1.5 µm), created 
within the analysis software were placed on 10 successive cells that were in sharp focus using 
the first visibly loaded smooth muscle cell as a starting point. Changes in Fluo-4 emission 
spectra were assessed at these fixed positions and data were normalized to baseline 
fluorescence (F0). Ca2+ waves were defined as an event that: 1) spreads from end-to-end in a 
single cell; 2) demonstrates a peak fluorescence of at least 15% above baseline; 3) lasts longer 
than 200 milliseconds. Ca2+ wave generation was quantified, both in terms of the percentage of 
cells firing waves and event frequency per firing cell, under each experimental condition. Ca2+ 
wave development was assessed under control conditions and in the presence of: 1) RGD (70 
μM) or RAD (70 μM); 2) xestospongin C (10 µM) or 4) 2-APB (50 µM); and 3)  U73433 (500 nM) 
or U73122 (500 nM).  
  
Measurement of MLC20 Activity  

A 2-3 mm segment of endothelial denuded cerebral artery was cut in two with each 
segment being mounted in an arteriograph. One half of each pair was then exposed either to: 1) 
15-20 or 80 mmHg of intravascular pressure; 2) 80 mmHg intravascular pressure + RAD/RGD 
(70 µM) + diltiazem (30 µM) or ryanodine (10 µM); 3) 80 mmHg of intravascular pressure + 
U73343 (500 nM) or U73122 (500 nM); 4) 80 mmHg of intravascular pressure + diltiazem (30 
µM) + xestospongin C (10 µM). All agents were initially applied to vessels at 10 mmHg (10 min) 
before pressurization to 80 mmHg.  Pressurized arteries were flash-frozen in an ice-cold mixture 
of 10% trichloroacetic acid (TCA) and 10 mM dithiothreitol (DTT) in acetone. Fixed arteries were 
washed in ice-cold acetone containing 10 mM DTT and lyophilized overnight. The cannulated 
ends of the lyophilized vessel were removed to exclude tissue not exposed to test pressures.5, 6 
MLC20 phosphorylation was then ascertained using a two-step western blot technique.5, 6  Briefly, 
cerebral artery extracts were electrophoresed (30 mA) on a Phos-tag SDS-PAGE gel and 
proteins were transferred to a PVDF membrane, washed in 0.5% glutaraldehyde. Subsequently, 
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membranes were blocked with 1.0% ECL blocking agent (GE Healthcare, Canada), containing 
0.02% Tween-20. The membranes were incubated overnight with a rabbit anti-MLC20 antibody 
(1:1000), washed and then again with a HRP anti-Rabbit antibody (1:10,000). Following 
incubation chemiluminescence was detected using an Amersham ECL advance detection kit 
(GE HealthCare), analyzed on a phosphor-imager (ImageQuant LAS 4000) and expressed 
relative to total MLC20.   
 

Measurement of MYPT1 and PLC1 Activity 
Extracted proteins from cerebral arteries were electrophoresed (30 mA, 10% 

polyacrylamide gel) and upon completion, the gel was cut below the 70 kDa marker band; 
proteins below and above were then transferred to PVDF and nitrocellulose membranes, 
respectively. PVDF membranes were washed in PBS, exposed to 0.5% gluteraldehdye and 
blocked in 0.1% TBST (Tris-Buffered Saline + Tween 20) containing 1.0% ECL blocking agent. 
The membranes were then washed and incubated overnight with a rabbit anti-α smooth muscle 
actin antibody (1:1000). After incubation the membranes were exposed to an anti-HRP rabbit 
antibody (1:10000) and bands was detected by chemiluminescence. Similarly, the nitrocellulose 
membrane was blocked in 0.1% TBST containing 1.0% skim milk, stained with Ponceau S 
solution, washed in distilled water and dried overnight on a filter paper. Subsequently, 
membranes were blocked with 0.5% I-block and were incubated with a rabbit anti-phospho-
MYPT1 antibody (1:1000) directed against T687 or T855 site. Upon completion, the membranes 
were washed and incubated again with an anti-rabbit-IgG biotin conjugate (1:40,000), which 
was followed by an exposure to HRP-streptavidin (1:200,000). HRP was then detected by 
chemiluminescence, standardized to α-actin and expressed relative to the appropriate control. 

For the PLC1 analysis, nitrocellulose membranes were blocked with 0.1% TBST containing 

1.0% skim milk and were incubated overnight with a rabbit anti-phospho-PLC1 antibody 
(1:1000) directed against the Tyr 783 site. Subsequently, membranes were triple washed and 
incubated with an anti-rabbit-IgG biotin conjugate (1:40,000) and then HRP-streptavidin 

(1:200,000). PLC1 phosphorylation was detected by chemiluminescence, standardized to α-
actin and expressed relative to the appropriate control.  

MLC20, MYPT1 (T855) and  MYPT1 (T697) phosphorylation were assessed on  paired 
pressurized arteries prior to and following treatment with: 1) αVβ3 control (RAD, 70 µM) or 
blocking peptide (RGD, 70 µM) + diltiazem (30 μM) or ryanodine (10 μM); or 2) diltiazem (30 

μM) + xestospongin C (10 μM).  PLC1 phosphorylation was assessed on paired pressurized 
arteries prior to and following treatment with αVβ3 control (RAD, 70 µM) or blocking peptide 
(RGD, 70 µM).   
 
Chemicals and Drugs 
RNeasy plus micro kit and reverse transcription kit were obtained from Qiagen (ON, CA) while 
Prime Time qPCR primers and Kapa SYBR Fast Universal qPCR Kit were obtained from 
Integrated DNA Technologies (ON, CA) and Kapa Biosystems (MA, USA), respectively. 
Bradykinin, GRADSP-, GRGDSP-, EILDVSPT, EILEVSPT, diltiazem, 2-APB, xestospongin C 
and other reagents were purchased from Sigma-Aldrich. Fluo-4, and pluronic acid were 
acquired from Molecular Probes (OR, USA), monoclonal antibody against αvβ3 integrin was 
bought from Novus Biologicals (ON, CA) and ryanodine was obtained from Ascent Chemicals 
(NJ, USA). Concentrations were chosen based on of their known pharmacological properties 
and use in the published literature. Stock reagents were solubilized in DMSO and final solvent 
concentration did not exceed 0.05%. Primary, secondary and tertiary antibodies/substrates were 

obtained from the following sources: rabbit anti-MLC20 (Santa Cruz, CA, USA); rabbit anti- 

actin (Abcam, MA, USA); rabbit anti-phospho-MYPT1 and rabbit anti-phospho-PLC1 (Millipore, 
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MA, USA); anti-rabbit HRP (Thermo Scientific, ON, CA); anti-rabbit IgG biotin conjugate 
(Jackson ImmunoResearch, PA, USA); HRP-streptavidin (Thermo Scientific). 
 
Statistical Analysis  

Data are expressed as means ± S.E., and n indicates the number of vessels or cells. No 
more than 2 experiments were performed on vessels from any given animal. Paired t-tests were 
performed to compare the effects of a given condition/treatment on arterial diameter, Ca2+ wave 
frequency or protein phosphorylation. P values ≤ 0.05 were considered statistically significant. 
Minimum n value calculations determined that 3-4 paired replicates to be sufficient for statistical 
comparisons. 
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