
 

Figure S1. PDIA1 depletion does not alter expression of other ER chaperon proteins in ECs but increases 

senescence marker proteins in PDIA1+/- mice. A-C, HUVECs were transfected with siControl or siPDIA1, A, Cell 

morphology. B, Time course for PDIA1 knockdown efficiency after siPDIA1 transfection. HUVECs transfected 

with siControl or siPDIA1 were used to measure PDIA1 protein using Western analysis at 3, 4, and 5 days after 

transfection. C, The cell lysates were used to measure ER chaperon proteins (ERp46, ERp5, or ERp72) using 

Western analysis. D, The genotyping result for wild type (WT, control) mice and PDIA1+/- mice. F, Western analysis 

for senescence marker proteins in WT and PDIA1+/- mice.  E, Reduced PDIA1 protein expression in aorta of 

PDIA1+/-  mice (related with Fig 1H). Data are mean ± SEM or representative of at least three independent 

experiments. Related to Figure 1. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. Cytosolic and mitochondrial ROS elevation as well as transmission electron microscopy (TEM) 

analysis in PDIA1-depleted ECs. A, Cytosolic redox status measured by DCF-DA fluorescence in HUVECs 

transfected with siControl or siPDIA1. Elevated DCF fluorescence was abolished by PEG-catalase, suggesting that 

its signal mainly reflects intracellular H2O2 (not shown). B, Mitochondrial redox status measured by MitoTracker 

CM-TMRos fluorescence in HUVECs transfected with siControl or siPDIA1 or siERp46; or siPDIA1 with 

adenovirus expressing mitochondria-targeted catalase (Ad.Mito-catalase). Elevated MitoTracker-CMTMRos 

fluorescence was abolished by Mito-catalase, suggesting that its signal mainly reflects mtROS. Graph represents the 

fold increase in fluorescence intensity from the control (siControl group). C, Mitochondria fission measured by 

MitoTracker Green as well as mtROS measured by MitoTracker CM-TMRos in HUVECs transfected with another 

siPDIA1 with different target sequence (#2). D, Low magnification of transmission electron microscopy (TEM) 

images showing the mitochondrial structure in HUVECs transfected with siControl or siPDIA1. E-G, Human aortic 

ECs (HAECs) are transfected with siControl or siPDIA1. In E, Capillary-like network formation on Matrigel. In F, 

Mitochondria morphology visualized by MitoTracker (left) and mtROS levels visualized by MitoTracker CM-

TMRos (right). In G, PDIA1 or actin (control) protein expression measured by Western analysis, showing the 

PDIA1 knockdown efficiency. Data are mean ± SEM (A and B) or representative of at least three independent 

experiments (A-G). Related to Figure 2 and 3. 



 

 

 

Figure S3. PDIA1 depletion-induced mitochondrial fragmentation and mtROS elevation are inhibited by 

Mito-catalase and Mito-TEMPO. A and B, HUVECs transfected with siControl or siPDIA1 were infected with 

Ad.mito-catalase. In A, Mitochondrial morphology was visualized by Mito-Tracker (% of mitochondria fragmented 

cells) or Mito-DsRed (mitochondria length (% of control) or mitochondria fragmentation count (MFC). In B, 

Quantification of mtROS levels measured by MitoTracker CM-TMRos fluorescence. Graph represents the fold 

increase in fluorescence intensity from the control (siControl group).  C, HUVECs transfected with siControl or 

siPDIA1 were treated with 50 µM Mito-TEMPO for 24h and mitochondrial morphology was visualized by Mito-

Tracker or Mito-DsRed. The expression of Mito-catalase or PDIA1 was determined by Western analysis. Data are 

mean ± SEM (n>=3). *p<0.05 vs control siRNA. Related to Figure 2. 

 

 

 



 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4. PDIA1 depletion-induced mitochondrial fragmentation, mtROS and endothelial dysfunction are 

rescued by Drp1 inhibitor, Mdivi1. A, B and C, HUVECs transfected with siControl or siPDIA1 were treated with 

a specific Drp1 inhibitor, Midivi1 (10 μM) for 24hr (A and B) or infected with adenovirus expressing Drp1-DN (C). 

In A, Mitochondrial morphology was visualized by Mito-Tracker or Mito-DsRed. In B, Quantification of mtROS 

levels measured by MitoTracker CM-TMRos or cell senescence or capillary-like network formation. In C, cells 

were used to measure PDIA1 or Drp1 protein expression using Western analysis. In D, Drp1 protein expression in 

aorta transfected with Ad.LacZ or Ad.Drp1-DN detected by Western blotting (related with Fig 4D). Data are mean ± 

SEM (n>=3). *p<0.05 vs control siRNA. Related to Figure 4. 



 

Figure S5. PDIA1 knockdown induces Drp1 sulfenylation without phosphorylation, which was inhibited by 

Mito-TEMPO or overexpression of Drp1-C644A in ECs. A, B and C, HUVECs were transfected with siControl or 

siPDIA1. Representative blots (A) and quantification (B) for p-Ser616-Drp1, protein expression of Drp1, Mfn1, 

Mfn2, PDIA1 or actin (control) using Western blots analysis. C, HUVECs transfected with siControl or siPDIA1 

were treat with 50 µM Mito-TEMPO for 24h. DCP-Bio1-labelled lysates were biotin pull-down, followed by 

immunoblotted (IB) with anti-Drp1 antibody to detect endogenous Drp1 Cys-OH formation. D, PDIA1 siRNA-

transfected HUVEC was infected with adenovirus expressing c-Myc-Drp1-WT or c-Myc-Drp1-C644A. DCP-Bio1-

labeled lysates were biotin pull-down, followed by IB with Drp1 antibody to measure Drp1-Cys-OH formation. E, 

HUVECs transfected with siControl or siPDIA1 were infected with Ad.control or Ad.c-Myc-Drp1-C644A. Lysates 

were used for Western blot analysis using antibodies indicated. Data are mean ± SEM (n=3-4). *p<0.05, **p<0.001, 

ns; non-significant. Related to Figure 5. 



 

 

 

Figure S6. PDIA1 protein is downregulated in db/db mice, and rescue effects of Drp1-DN or Drp1-C644A on 

impaired angiogenesis in db/db or PDIA1+/-mice. A, Western analysis for PDIA1 or actin protein expression in 

skin of control and db/db mice. B, The wounded skin tissues were used to analyze protein expression of PDIA1 or 

actin (loading control). C, D, E, Low magnification of CD31 staining in PDIA1+/- or db/db mice with gene transfer 

of LacZ (control) or Drp1-DN or Drp1-C644A corresponding to main Figures 7CEG. 

 

 



 

 

 

Figure S7. EC-specific PDIA1 gene transfer rescues impaired wound healing in high fat diet (HFD)-induced 

type2 diabetes mice. A, HUVECs and mouse fibroblast NIH3T3 cells were infected with adenovirus expressing 

flag-PDIA1 with EC-specific VE-cadherin promoter (Ad.VE-cad-flag-PDIA1-WT) or adenovirus expressing empty 

vector (Ad.Cont) in HUVECs or GFP (transfection positive control) in NIH3T3 fibroblasts. Western blot analysis 

using antibodies indicated showing the specific expression of EC-PDIA1 in HUVECs, but not NIH3T3 fibroblasts. 

B and C, Characterization of HFD-induced T2DM mice showing increased body weight (B) and glucose tolerance 

(C) compared to control (WT) mice. D, WT and HFD-induced T2DM mice were wounded on the back skin and 

wound regions were overlaid with Ad.LacZ, Ad.EC-PDIA1-WT (Ad.VE-cad- flag-PDIA1-WT) and then the wound 

closing rate was measured for indicated days. Wound area is expressed as % of that measured at right after the 

wounding (day 0). *P<0.05 vs control group. Related to Figure 7.  



 

Supplemental Material and Methods 
 

Materials 

siRNA: #1 siPDIA1  (sense 5’-CAG GGAACCUCUCUGAAGU-3’, anti-sense 5’- 

ACUUCAGAGAGGUUCCCUG-3’), #2 siPDIA1 (sense 5’-UGAGUCUUGAUUUCACCUC-3’, anti-sense 5’-

GAGGUGAAAUCAAGACUCA-3’), siEndo-PDIA1 (ERp46) (sense 5’-GAAGCUGUGAAGUACCAGGUU-3’ 

anti-sense 5’-AACCUGGUACUUCACAGCUUC-3’)  

 

Plasmids: Flag-hPDIA1-WT was from Addgene. Flag-hPDIA1-CS and Flag-rPDIA1-CS [human or rat PDIA1 

inactive mutant in which all four active cysteines (53, 56, 397, and 400) were mutated to serine] were constructed 

using the QuikChange II site-directed mutagenesis kit (Stratagene) according to the manufacturer’s instruction. 

Flag-ratPDIA1-WT (rPDIA1-WT)(Hahm et al., 2013) and pMito-DsRed (Rehman et al., 2012) were previously 

described. The EC-specific VE-cad-flag-hPDIA1WT (EC-PDIA1-WT) and VE-cad-flag-hPDIA1-CS (EC-PDIA1-

CS) were constructed in our laboratory. The N-terminal Venus-PDIA1 was constructed by cloning PDIA1 (Addgene, 

Plasmid 31382; 18-508aa) with Sal1/BamH1 sites into pFlagVN173N plasmid while the C-terminal venus-Drp1 was 

constructed by cloning Drp1 with EcoR1/Xho1 sites into pHA-VC155N plasmid (Okur et al., 2014). 

 

Antibodies: Anti- PDIA1(BD Bioscience, 610946), PDIA1(Sigma P7496), PDIA1(Cell Signaling, 3501), ERp46 

(Santa Cruz, sc-271667), Drp1(Santa Cruz, sc-271583), DLP1(BD Bioscience, 611112), p21(Santa Cruz, sc-6246), 

p16(BD Bioscience, 554079), p53(Santa Cruz, sc-6243), Bip1(Cell Signaling, 3177), CHOP(Cell Signaling, 2895), 

sXBP1(Cell Signaling, 12782), ERp5(Santa Cruz, sc-374494), Erp72(Santa Cruz, sc-292586), c-Myc (Sigma, 

M4438), Flag (Sigma, F7425), and actin(Santa Cruz, sc-1616) antibodies were used. 

 

Adenovirus: Ad.Drp1-DN (K38A) was previously described (Yu et al., 2006). The EC specific adenovirus 

including Ad.VE-cad-flag-hPDIA1-WT (Ad.EC-PDIA1-WT) and Ad.VE-cad-flag-hPDIA1-CS (inactive mutant), as 

well as Ad.c-Myc-Drp1C644A were generated, as previously described with minor modifications (Estrada et al., 

2012; Prandini et al., 2005). Ad.mitochondria-targeted catalase (Mito-catalase) (Wang et al., 2011) was obtained 

from Iowa Gene Transfer Vector Core.  

 

Cell culture: The primary HUVECs (human Umbilical Vein Endothelial Cells) from Lonza (CC-2519, USA) were 

cultured in EndoGRO (EMD Millipore) supplemented with 5% fetal bovine serum (FBS, Atlanta Biological), and 

used for experiments until passage 6. The primary HAECs (human Aortic Endothelial Cells) from the Lonza were 

cultured in EGM-2 (Lonza) supplemented with 2% FBS without VEGF. HEK293T cells from ATCC were cultured 

in DMEM (Gibco-BRL) with 10% FBS.  

 

Transfection: For siRNA transfection, HUVECs were transfected with 20nM siRNAs using Oigofectamine 

(Invitrogen, 12252011). For double transfection of siRNA and plasmid DNA, cells were transfected with siRNAs 

(20nM) and plasmid DNA (3ug for 100 mm dishes) using JetPRIME (Polyplus, USA). For plasmid DNA 

transfection, cells were transfected with DNA (1~3ug) using polyethylenimine (PEI, Polysciences, USA). After 

transfection, cells were changed to growth medium and further incubated for 48 h at 37°C before experiments. 

 

Cell growth measurement: After siRNA transfection for 24h, the cells (10,000 cells) were replated on 35mm dish 

containing 2.5% FBS EndoGro. The growth rate was determined by counting cell numbers using hemocytometer at 

indicated day. 

 

Senescence-Associated –Galactosidase (-gal) staining: -gal activity at pH6 was measured using Senescence 

Detection kit (BioVision). Cells were cultured for indicated days by changing media at every other day, and then 

stained (Shimasaki et al., 2013). The cells were photographed and -gal positive cells were counted in five different 

fields/well. 

 

Bromodeoxyuridine (BrdU)-labeled cell proliferation assay: The cells (100,000 cells) were plated on coverslips 

in 0.5% FBS EndoGro for 8 h to synchronize cells, followed by incubation with 2.5% FBS EndoGro for 6 days and 

changed media at every other day. For BrdU incorporation, the cells were treated with 5 µM BrdU for 20 h, and then 

detected using In Situ Cell Proliferation kit, FLUOS (Roche) with minor modification (Wang et al., 2015). The cells 

were taken photos with fluorescence microscope (Keyence, BZ-X700) using ×40 objective. The percentage of 

BrdU-labelled cells was determined by counting > 400 nuclei per samples as BrdU-positive/total nuclei. 



 

 

Capillary like network formation assay: The cells were starved with 0.5% FBS EndoGro medium for overnight. 

60,000 cells were seeded on growth factor reduced Matrigel (Corning) coated 48 well plate and incubated for 6 h 

and then fixed with 4% paraformaldehyde for taking a picture, as we reported (Oshikawa et al., 2012). The capillary 

tube length, number of branch point, or branch were measured using ImagePro or Image J software, respectively.  

 

Fibrin bead angiogenesis assay: HUVECs infected with lentivirus expressing red fluorescence protein (RFP) were 

transfected with control or PDIA1 siRNA for 48hr. The capillary-like sprouting fibrin bead assay was performed 

with minor modifications (Tung and Kitajewski, 2010). Briefly, primary HUVEC and fibroblasts (ATCC) were 

exposed to M199 medium with 10% FBS. HUVEC were attached to dextran-coated Cytodex 3 beads (GE 

Healthcare Bio-Sciences, NJ) and embedded at 250 beads/well in 24-well plate in a fibrin clot. Fibroblasts were then 

seeded as a monolayer over the clot at 1.5 × 105 cells/well. Clots were cultured at standard conditions in EGM-2 

medium and media was changed every day for 5-7 days. Bright field and fluorescent images were taken using the 

Celigo image cytometer (Nexcelom), and sprout number and tip cell number were quantified for 80-100 beads per 

experimental group. Number of sprouts was the number of independent sprouts extruding from each bead and 

normalized to the number of beads counted. Tip cell number was number of ends of sprouts included those from 

branching normalized to number of beads.  

 

Cell cycle analysis: Cells in each cell cycle were analyzed using FACS analysis (Becton Dickinson, USA) and 

Modfit software, as described (Shimasaki et al., 2013). Briefly, siRNA transfected-cells were incubated for 48 h and 

the cells were trypsinized (retaining all floating cells) and fixed with 70% ethanol at 4 °C for overnight. Cells were 

then incubated at room temperature for 30 min with 50 mg/mL propidium iodide (PI; Sigma) and 5 mg/mL RNase A 

(QIAGEN). The number of cells in each cell cycle were evaluated using FACS Calibur system. 

 

Mitochondria respiratory capacity (O2 consumption rate, OCR) and Extracellular acidification rate (ECAR): 

Transfected cells (90~95% confluence, 200-250K cells/well) were plated in XF24 extracellular flux assay kits (24 

well plate, 100850-001) at one day before measurement using Seahorse analyzer which measure the response to the 

respiratory chain inhibitors such as Oligomycin, FCCP, rotenone/antimycin. For O2 consumption rate (OCR) 

measurement, cell culture media was changed to modified XF assay medium (100965-000, unbuffered, glucose free, 

and pyruvate free) containing low glucose (0.1% (W/V), ~5.5 mM). For extracellular acidification rate (ECAR) for 

glycolysis flux measurement, cell culture media was changed to modified XF assay medium containing 2 mM 

glutamine. After 1h incubation at 37 ºC without CO2, the OCR and ECAR were measured using Seahorse according 

to manufacturer’s instruction (XF Cell Mito stress test kit;103015-100 and glycolysis stress test kit;103020-100). 

The data were expressed by the percent control (100%) after normalizing with the cell number. 

 

Mitochondria structure analysis: We used two different methods to visualize and analyze mitochondrial structure 

in live cells. First, we used Mito-DsRed mammalian expression vector with the mitochondrial targeting sequence 

fused to the 5’ end of the DsRed vector with CMV promoter (Karbowski et al., 2002; Rehman et al., 2012). Mito-

DsRed labels mitochondria in living cells with little photobreaching and enables us to measure mitochondria length 

precisely. Second, we used MitoTracker Green FM (Invitrogen, M-7514) fluorescence dye to stain active 

mitochondria which shows the mitochondria morphology (Torres-Gonzalez et al., 2014). Cells were incubated with 

500 nM MitoTracker Green FM for 30 min or transfected with Mito-DsRed plasmid, and then images were taken by 

super resolution microscopy (Nikon, magnification x100) or confocal microscopy (Zeiss LSM710, magnification 

x63). Mitochondrial super resolution images were obtained using a Nikon Instruments N-SIM Super Resolution 

Microscope System equipped with a CFI60 Apochromat 100X oil immersion Objective Lens (N.A.1.49). Images 

were captured with an Ixon DU897 Ultra EMCCD camera (200 ms exposure time). GFP (for MitoTracker Green) 

was excited with the 488 nm laser and RFP (for Mito-DsRed) was excited with the 561 nm laser.  NIS-Elements 

software was used for image acquisition and reconstruction. Mito-DsRed plasmid-transfected ECs showed much 

clearer mitochondria structure to measure mitochondria length than MitoTracker Green. Therefore, we measured the 

mitochondrial length in Mito-DsRed-expressing individual cell from mitochondria initial point (near nuclear) to 

endpoint using Image Pro from at least 50 mitochondria in a triplicate and blinded manner (Brooks et al., 2007). 

Data are expressed by the relative values compared to control group (100%). Acquired Mito-DsRed images were 

background subtracted, filtered (median), thresholded, and binarized to identify mitochondrial fission using ImageJ 

(Koopman et al., 2005; Mortiboys et al., 2008; Rehman et al., 2012). Following calculation for mitochondrial fission 

count (MFC, number of particles/total mitochondria pixels X1000) involves the ratio between the number of 

mitochondrial fragments and total mitochondrial area. For MitoTracker Green-stained cells, mitochondria 



 

fragmented cells were counted using Image J and expressed by the % ratio of mitochondria fragmented cells/total 

cells in the same filed (around 5~8 cells/field, x63 magnification) at least in the five fields in a triplicate. We 

classified the fragmented mitochondria as shortened, punctate, and sometimes rounded shape, while intact 

(filamentous) mitochondria as a long tubular structure. The morphometric analyses were performed to calculate the 

degree of mitochondrial fission.  

 

Live cell imaging for mitochondria dynamics: Cells were incubated with 50 nM TMRM (Invitrogen, T-668) for 

30 min, and cells in Hank’s Balanced Salt solution (HBSS)(Gibco #14025-092) were used to monitor mitochondria 

dynamics by recording TMRM fluorescence in live cells using confocal microscopy (Zeiss LSM710, x100) as 

reported (Papanicolaou et al., 2011). At low concentrations (10-50 nM range) of TMRM, it has no effects on 

mitochondrial respirations (Scaduto and Grotyohann, 1999) and has low toxicity and photobreaching (Ward et al., 

2010). Thus, during the short period of recording for 5min, we confirmed that cells showed either no toxic effects or 

inducing mitochondria permeability transition pore opining.  The setting of the microscopy was followed; Time 

series 150 frames, scaling (per pixel) 0.09 µm X 0.09 µm, Image size (scale) 45.00 µm X 45.00 µm, Bit depth 8 bit, 

objective alpha plan-fluor 100x/1.45, excitation wavelength 543nm, emission wavelength 580nm. 

 

Mitochondrial fusion analysis using mitochondria-targeted photoactivatable-GFP (mito-PA-GFP): HUVECs 

were transfected with siRNA for control and PDIA1 for 24 h and then infected with adenovirus expressing mito-PA-

GFP (Ad.mito-PA-GFP) for 24h. The cells were serum starved with 0.5% FBS EndoGro for 3h and incubated with 

700 nM Mito-tracker Red for 15 min to visualize the mitochondria structure. The live cell imaging was conducted 

under 37°C, 5% CO2 with humidity. The minimum region (400µm2) defined by the apparatus (LSM780, Zeiss, 

magnification x63 with x2 zoom, Alpha plan-Apo (oil) NA1.46) was photoactivated using 405nm laser at 100% 

laser power briefly (Karbowski et al., 2014; Lovy et al., 2012). GFP signal was imaged using 488nm laser and the 

Mito-tracker red was determined using 543nm laser. After photoactivation, images were obtained at 10 sec intervals 

for 1000-1200 sec (100-120 frames). A decrease of mean intensity of GFP fluorescence was measured as fusion 

(Arasaki et al., 2015; Hong et al., 2013; Motori et al., 2013; Rehman et al., 2012).  

 

Mitochondria redox status (ROS) measurement: To measure mitochondria redox status, ECs were incubated with 

5 µM MitoSox Red (Invitrogen) for 10 min, or 800 nM MitoTracker Orange CMTMRos (Invitrogen, M7511) for 30 

min, and fluorescence intensity in cells were measured using confocal microscopy (Zeiss LSM810, x63) as we 

reported (Kim et al., 2017). We confirmed that MitoSox and MitoTracker CMTMRos fluorescence signals were 

abolished by mitochondria-targeted SOD mimetic, Mito-TEMPO (Enzo) and overexpression of mitochondria-

targeted catalase (mito-catalase), respectively, suggesting that they measure mitochondria-derived ROS (mtROS) 

levels. We measured the fluorescence intensity from each sample among different groups under the same setting 

using Image J. Relative fluorescence intensity was expressed as fold increase from the control (basal siControl-

transfected cells). 

 

Transmission electron microscopy (TEM): Cells were washed with Sorenson buffer (pH 7.4) and fixed with 2% 

glutaraldehyde in Sorenson buffer (pH 7.4) for 30 min on 4ºC. The images were taken by JEM-1220 (JEOL) at 

electron microscopy core facility at University of Illinois at Chicago. 

 

DCP-Bio1 assay to detect Cys-OH formed (sulfenylated) proteins: To measure sulfenic acid (Cys-OH) formation 

(sulfenylation) of proteins, cells were lysed in degassed-specific lysis buffer [50 mM HEPES, pH7.0 at room 

temperature, 5 mM EDTA, 50 mM NaCl, 50 mM NaF, 1 mM Na3VO4, 10 mM sodium pyrophosphate, 5 mM 

Iodoacetamide (IAA), 100 µM DTPA, 1% Triton-X-100, protease inhibitor, 200 unit/mL catalase (Calbiochem), 200 

µM DCP-Bio1 (KaraFast, USA)] and then DCP-Bio1-bound proteins were pulled down with streptavidin beads 

(Thermo scientific, USA) for overnight at 4 ºC. DCP-Bio1-bound Cys-OH formed, sulfenylated-proteins were 

determined by immunoblotting with specific antibodies, as reported (Kaplan et al., 2011; Oshikawa et al., 2010; 

Poole and Nelson, 2008). 

 

PDI reductase activity assay: Cells or tissues were extracted in KPi buffer (50 mM KPi, pH7.4, 300 mM KBr, 

protease inhibitor cocktail) and 10ug protein was used to measure PDI reductase activity using ProteoStat PDI assay 

kit by following manufacturer’s instruction (ENZ-51024)(Tufo et al., 2014).  

 

Drp1 GTPase activity assay: Cells were lysed in lysis buffer (50nM HEPES, pH7.5, 120 mM NaCl, 5mM EDTA, 

10mM Na pyrophosphate, 50mM NaF, 1mM Na3VO4, 1% Triton X-100, protease inhibitors) and total cell lysate 



 

(1mg) was used for immunoprecipitation using Drp1 antibody (BD Bioscience) for overnight at 4ºC. Anti-Drp1 

immunoprecipitates were incubated with 50 uL protein A/G beads (Santa Cruz, sc-2003) for 2h, and beads were 

washed three times with lysis buffer, and further washed three times with GTPase buffer (50 mM Tris, pH7.5, 2.5 

mM MgCl2, 0.02% β-Mercaptoethanol) as described previously (Qi et al., 2013). The GTPase activity was measured 

using the GTPase assay kit by following manufacturer’s instruction (NUVUS, Innova Bioscience). 

 

BiFc (Bimolecular Fluorescence Complementation) assay: COS1 cells were transfected with DNAs (each 

250~500 ng) using PEI as follows; negative control: N-terminal Venus-PDIA1+C-terminal Venus-negative 

peptide+pECFP, PDIA1+Drp1: N-terminal venus-PDIA1+C-terminal venus-Drp1+pECFP for 24 h. The positive 

YFP signals showing interaction between PDIA1 and Drp1 were taken by confocal microscope, as reported (Okur et 

al., 2014). pECFP was used for transfection positive control. 

 

Immunofluorescence analysis using confocal microscopy: Cells (over 60% confluence) growing on coverslips in 

6 well plates were fixed with 4% paraformaldehyde for 10 min and then blocked with blocking buffer (1X PBS, 5% 

normal goat serum, and 0.3% Triton X-100) for 1 h. Cells were incubated with the primary antibodies (PDIA1; 

Sigma P7496, Drp1; BD Bioscience,611112) in dilution solution (1X PBS, 1% BSA, and 0.3% Triton X-100) for 

overnight at 4 ºC and then incubated with secondary antibodies (Alexa Fluor Plus 488(A32731) or 546(A11030), 

Invitrogen) for 1h at room temperature. The images were taken using confocal microscopy (x63). 

 

Western blot analysis and Immunoprecipitation assay: Cells were lysed in buffer [50 mM HEPES (pH 7.4), 5 

mM EDTA, 100 mM NaCl, 1% Triton X-100, protease inhibitors (10 μg/ml aprotinin, 1 mmol/L 

phenylmethylsulfonyl fluoride, 10 μg/ml leupeptin) and phosphatase inhibitors (50 mmol/L sodium fluoride, 1 

mmol/L sodium orthovanadate, 10 mmol/L sodium pyrophosphate)]. Lysates with or without immunoprecipitation 

were used for Western blotting, as we reported (Oshikawa et al., 2010).  

 

Immunohistochemistry for CD31 staining: Mice were sacrificed at 7–11 days after wound punch, and skin 

wounded tissue were harvested, fixed with 4% PFA for overnight at 4 ºC, and followed by sucrose dehydration and 

OCT embedding. Capillary density in wound skin tissues was determined as we reported (Das et al., 2016). Images 

were taken using fluorescence microscope (Keyence, BZ-X700) with a ×20 objective. 

 

Endothelium-dependent or independent vasorelaxation: Aortas of WT or PDIA1+/- mice were used for measuring 

acetylcholine (Ach)- or sodiumnitroprusside (SNP)-induced vasorelaxation, as we reported (Sudhahar et al., 2013). 

To evaluate rescue effect of Drp1-DN on impaired endothelium-dependent relaxation of PDIA1+/- mice, aortas were 

infected with Ad.LacZ or Ad.Drp1-DN for 1h at 37ºC and further incubated for 20 h at 4ºC before experiments. 
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