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Supplemental Methods 

VWF and VWFpp ELISA 

For VWF detection, a rabbit polyclonal anti-human VWF antibody (DAKO; 0.3 μg/well) was used 

as the capture antibody, and an HRP-conjugated rabbit polyclonal anti-human VWF antibody 

(DAKO; 0.5 μg/mL) for detection. For VWFpp a mouse monoclonal anti-human VWFpp antibody 

(CLB-Pro35; 1.0 μg/well) was used along with an HRP-conjugated mouse monoclonal anti-human 

VWFpp antibody (CLB-Pro14-3; 0.125 μg/mL). The TMB substrate kit (ThermoFisher) was used 

for detecting HRP activity. Blocking, washing, and detection steps were conducted in PBS 

supplemented with 0.1% Tween-20, 0.2% gelatin, and 1 mM EDTA. Concentrated conditioned 

media from HEK293s stably expressing human wildtype VWF and VWFpp1 was used as a 

standard. 

 

Mass spectrometry  

Cells were lysed in sodium deoxycholate buffer, incubated at 95°C for 5 minutes, sonicated and 

digested overnight using trypsin gold (Promega). Tryptic digests were transferred to an Evotip 

Pure (Evosep) and separated on a 15 cm×150 μm, 1.5 μm Performance Column (EV1137 from 

EvoSep) with an Evosep One liquid chromatography (LC) system (Evosep) with the 15 samples 

per day program. Peptides were ionized and electrosprayed into the Orbitrap Fusion Lumos 

Tribrid mass spectrometer (Thermo Fisher scientific, USA). Data was acquired in Data 

Independent Acquisition mode (DIA) as described previously2. Raw mass spectrometry files were 

analyzed in DIANN (version 1.8), using the filtered human Swissprot database (2021.22.04) to 

detect proteins and peptides as described previously2. Data was analyzed with R 4.2.3 and 

Rstudio (2022.07.02).  

 



Live cell imaging of WPB exocytosis 

ECFCs were nucleofected with 4 μg of the VWFpp-mStayGold expression vector and plated at 

70% density in EGM-18 onto 35 mm diameter poly d-lysine-coated glass-bottomed culture dishes 

(MatTek Corp). Imaging was conducted 24 hours post-nucleofection. For intracellular [Ca2+]i 

monitoring, cells were loaded with 0.25 μM Fura-2 for 15 minutes at 37°C. Prior to imaging, cells 

were transferred to a physiological saline solution (145 mM NaCl, 5 mM KCl, 1.2 mM CaCl2, 1 

mM MgCl2, 1 mM NaH2PO4, 10 mM glucose, 20 mM Na+-HEPES pH 7.4). Secretion was triggered 

by stimulation with 100 μM histamine. Images were acquired at 30 frames/second using the free 

imaging software Winfluor (Dr John Dempster; Strathclyde University; Winfluor). The imaging 

setup included an Olympus IX71 inverted fluorescence microscope equipped with an Olympus 

UPLSAPO x 100 1.40 NA objective, an OptoLED light source (Cairn Research, Faversham, UK), 

and an Ixon3 EMCCD camera (Andor, Belfast, UK), cooled to -68°C. The microscope was housed 

in a temperature-controlled box maintained at 37°C. Fura-2 was illuminated sequentially with 355 

± 5 nm and 380 ± 5 nm light and mStayGold with 470 ± 10 nm light. Analysis of individual 

exocytosis events was performed using FIJI software. The moment of fusion of mStayGold-

labeled WPBs was identified as the first frame showing a shape change or loss of fluorescence. 

WPBs were counted manually using the FIJI pointpicker plugin (Philippe Thévenaz, Biomedical 

Imaging Group, Swiss Federal Institute of Technology, Lausanne, Switzerland). The timing of the 

calcium rise and exocytosis events was recorded.  

 

 

 

 



Supplementary Table S1: Antibody reagents 

Antigen Species  Supplier Catalogue number 
Concentration 

used for IF (μg/mL) 

Concentration used 

for WB (μg/mL) 

Von Willebrand factor 

propeptide 
Rabbit pAb 

Prof. Tom 

Carter, SGUL3 
- 1.12 N/A 

Von Willebrand factor Rabbit pAb DAKO A0082 0.06 N/A 

Von Willebrand factor Mouse mAb Sanquin CLB-RAg20 3.94 N/A 

Rab27A Mouse mAb Abnova H00005873-M01 4.40 0.88 

Rab3D Rabbit pAb Proteintech 12320-1-AP 6 0.24 

VE-cadherin Goat pAb R&D Systems AF938 0.80 N/A 

alpha-tubulin Mouse mAb Sigma / Merck T6199 N/A 0.2 

Slp4-a Rabbit pAb Atlas HPA001475 0.80 N/A 

 
 

Supplemental Files 

Supplemental File 1: Code for the CellProfiler pipeline used for quantification of Rab intensity on 

Weibel-Palade bodies displayed in Figure 3 of the original manuscript. The OrganelleProfiler 

pipeline can be found on the Clotterdam Github repository https://github.com/Clotterdam/ 

Supplemental File 2: Proteomics data. 
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Supplemental Figure 1

Supplemental Figure 1. Comparison of VWFpp-EGFP and VWFpp-mStayGold for live imaging of WPB exocytosis in HUVEC.
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(A) HUVECs were transfected with VWFpp-EGFP (top panel) or VWFpp-mStayGold (bottom panel). After 24 hours, cells were stimulated
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Supplemental Figure 2

Supplemental Figure 2 ���$�� Number of �T�X�D�Q�W�L�I�L�H�G proteins across �V�D�P�S�O�H�V�� Color �L�Q�G�L�F�D�W�H�V grouping: control ECFCs ���J�U�H�\���� patient 
���U�H�G�� �D�Q�G patient family member ���E�O�X�H���� ���%���� Volcano plot of patient familty members versus control �(�&�)�&�V�� �'�R�W�W�H�G lines �L�Q�G�L�F�D�W�H��
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Supplemental Figure 3

Supplemental Figure 3. Rab3D and Rab27A do not localize to WPB in MADD patient ECFCs. 

Endogenous Rab3D (A) and Rab27A (B) colocalize with VWF in healthy control ECFCs but not MADD patient ECFCs. Zoom ins of 
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Supplemental Figure 4

Supplemental Figure 4. Basal VWF levels in ECFCs of MADD patients and healthy controls. 

ELISA measurements of VWF secreted over 24 hours (basal VWF secretion; top panel) and in the ECFC lysates at time of secretion 

assay (bottom panel) for MADD and healthy control ECFCs. 
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