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SUPPLEMENTAL METHODS 

 

Platelet preparation. Blood was collected in a tube containing heparin (20 U/ml, 

Ratiopharm) and platelet-rich plasma (PRP) was obtained by centrifugation at 80g for 5 min 

at room temperature (RT). For preparation of washed platelets, PRP was centrifuged at 

640g for 5 min at RT. The platelet pellet was resuspended in modified Tyrode-HEPES buffer 

(134 mM NaCl, 0.34 mM Na2HPO4, 2.9 mM KCl, 12 mM NaHCO3, 5 mM HEPES, 1 mM 

MgCl2, 5 mM glucose, and 0.35% bovine serum albumin [BSA; pH 7.4]) in the presence of 

prostacyclin (0.5 µM) and apyrase (0.02 U/mL). Platelets were finally resuspended in the 

same buffer without prostacyclin (pH 7.4; 0.02 U/mL apyrase) and incubated at 37°C for 30 

min before use.  

Immunoblotting. Proteins of lysed platelets were separated by sodium dodecyl sulfate–

polyacrylamide gel electrophoresis and blotted onto polyvinylidene difluoride membranes. 

After blocking, membranes were incubated with an anti-CYFIP1 (Millipore #2703674), anti-

WAVE2 (Cell Signalling #3659), anti-ARPC2 (Millipore #07-227), anti-RAC1 (BD Bioscience 

#610650), anti-WAVE1 (Thermo Fisher #PA5-78273) or anti-GAPDH (Sigma #99545) 

antibody overnight. Horseradish peroxidase-conjugated secondary antibodies and enhanced 

chemiluminescence solution (MoBiTec) were used for visualization. Images were recorded 

using an Amersham Imager 600 (GE Healthcare). Whole tyrosine phosphorylation studies 

performed as described in Cherpokova et al.1 

Aggregometry. Washed platelets (160 µL with 0.5x106 platelets/µL) were analyzed in the 

presence (collagen and CRP) or absence (thrombin) of 70 µg/mL human fibrinogen (Sigma). 

To prevent effects of second wave mediators, platelets were preincubated with apyrase (2 

U/ml) and indomethacin (10 μM). Light transmission was recorded on a four-channel 

aggregometer (Fibrintimer, APACT, Hamburg, Germany) for 10 min and expressed in 

arbitrary units, with buffer or platelet poor plasma representing a light transmission of 100%.  

Flow cytometry. For activation studies, blood samples were washed twice with Tyrode-

HEPES buffer, incubated with agonist for 15 min, stained with fluorophore-labeled antibodies 

for 15 min at room temperature. For glycoprotein expression, heparinized whole blood was 

diluted 1:20 in Tyrode’s-HEPES buffer, incubated with saturating amounts of fluorophore-

conjugated antibodies for 15 min at room temperature and finally analyzed on a FACSCalibur 

(BD Biosciences, Heidelberg, Germany). To determine actin polymerization, washed 

platelets were incubated with a Dylight-649 labelled anti-GPIX antibody derivative (20 µg/mL) 

and either left unstimulated or were treated with the indicated agonists for 2 min. Platelets 

were fixed with 10% PFA, permeabilized with 1% Triton X-100, stained with 10 µM phalloidin-
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fluorescein isothiocyanate for 30 min and analyzed on a FACSCalibur (BD Biosciences, 

Heidelberg, Germany). For determination of PS exposure, washed platelets remained resting 

or were activated with the indicated agonists for 15 min at 37°C in the presence of Annexin 

V–DyLight 488. The reaction was stopped by the addition of 500 μL of Tyrode-HEPES buffer 

containing 3 mM Ca2+. 

Platelet spreading. Coverslips were coated with the indicated proteins and blocked with 1% 

BSA in PBS at 37°C for 1 h. Sildes were rinsed with Tyrode’s buffer before washed platelets 

(preactivated with 0.01 U/mL thrombin from Roche for spreading on fibrinogen and collagen) 

were allowed to spread on coated coverslips. Platelets fixed with 4% PFA in PBS at different 

time points were visualized with a Zeiss Axiovert 200M inverted microscope (100x/1.4 oil 

objective) and digital images were recorded using a CoolSNAP-EZ camera (Visitron). Live 

visualization of platelets was recoded in chamber slides (Ibidi) using a Zeiss Axio Observer 

inverted incubation chamber microscope (100x/1.4 oil objective) and an Axiocam 506 mono 

camera. Pictures and videos were analyzed using ImageJ or Zeiss ZEN Pro software. 

Transmission electron microscopy. Washed platelets were fixed with 2.5% glutaraldehyde 

in 50 mM cacodylate buffer (pH 7.2). After embedding in epon 812, ultra-thin sections were 

generated and stained with 2% uranyl acetate and lead citrate. Samples were visualized with 

a Zeiss EM900 microscope. Platinum replica electron microscopy of resting and spread 

platelets was performed as previously described.2 

Scanning electron microscopy. Samples were fixed with 6.25 % glutaraldehyde in 50 mM 

phosphate buffer (pH 7.4) overnight at 4°C. The samples were washed five times with 100 

mM phosphate buffer (100 mM KH2PO4/100 mM Na2HPO4, volumes 12.5/87.5) and further 

applied to a 30-100% acetone gradient for dehydration and stored in 100% acetone for 16 h. 

Critical point drying was done in a Leica EM CPD300. Samples were finally coated with gold 

in an Emitech sc7320 sputter coater and visualized with a Phenom Pro scanning electron 

microscope. 

dSTORM microscopy. F-actin: Spread platelets were fixed with 3% glyoxal solution, 

permeabilized with 0.25% Triton-X, quenched with 100 mM NH4Cl/100 mM glycine, blocked 

in 5% BSA and stained with Alexa Fluor 647 phalloidin. -tubulin: Spread platelets were fixed 

with cytoskeleton buffer 1 and 2, which contains 0.3% and 2% glutaraldehyde, respectively, 

permeabilized with 0.25% Triton-X, quenched with 0.1% NaBH4, blocked in 5% BSA and 

stained with Alexa Fluor 647 coupled anti--tubulin antibody. One color dSTORM samples 

were imaged on a widefield setup based on an inverted microscope (Olympus IX-71) 

equipped with an oil immersion objective (Olympus APON 60xO TIRF, NA 1.49). The dye 

was excited with a semiconductor laser at 639 nm at an irradiation intensity of ~ 7 kW/cm2 
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(Genesis MX639-1000, Coherent). The excitation light was spectrally filtered from the 

emitted fluorescence using an emission filter Brightline HC 679/41 (Semrock). Imaging was 

performed with an EMCCD camera (iXon Ultra 897, Andor) at a frame rate of 67 Hz for 

30,000 frames in photoswitching buffer containing 100 mM -mercaptoethylamin pH 7.4.3 

dSTORM images were reconstructed using the open source software rapidSTORM 3.3.4  

Clot retraction. PRP (3x105 platelets/µL) was incubated with thrombin (Sigma 4 U/mL) and 

CaCl2 (20 mmoL/L) for 80 min. Clot retraction was recorded with a digital camera. 

Adhesion under flow conditions. Coverslips were coated with 200 µg/mL Horm collagen at 

37°C over night, washed with PBS and blocked with 1% BSA in PBS for 1 h at 37°C. Blood 

was collected in heparin (20 U/mL) and further diluted (2:1) in Tyrode’s buffer supplemented 

with Ca2+, incubated with DyLight-488-conjugated anti-GPIX derivative (0.2 µg/mL) at 37°C 

for 5 min. Transparent flow chambers with a slit depth of 50 µm, equipped with the coated 

coverslips, were connected to the blood filled syringe. Perfusion was performed at shear 

stress equivalent to a wall shear rate of 150, 1000 or 1700 s-1. Blood was perfused for 4 min 

over the collagen coated surface and washed with Tyrode’s buffer for 4 min. Thombus 

formation was monitored with a Leica DMI6000B microscope. Image analysis was performed 

using ImageJ software. To analyze the appearance of phosphatidylserine-positive platelets 

under flow conditions, blood was incubated with DyLight-649-conjugated anti-GPIX derivate 

and DyLight-488-conjugated Annexin V. In addition, blood and Tyrode’s wash buffer were 

supplemented with 5 U/mL heparin and flow chamber was performed as described above. 

Bleeding time. Mice were anesthetized and a 2 mm segment of the tail tip was removed 

with a scalpel. Tail bleeding was monitored by gently absorbing blood with a filter paper at 20 

s intervals without making contact with the wound site. When no blood was observed on the 

paper, bleeding was determined to have ceased otherwise experiments were stopped after 

20 min. 

Intravital microscopy of thrombus formation in FeCl3-injured mesenteric arterioles. 

Four- to five-week-old mice were anesthetized, and the mesentery was exteriorized through 

a midline abdominal incision. Arterioles were visualized with a Zeiss Axiovert 200 inverted 

microscope (10×/0.3 NA objective) equipped with a 100-W HBO fluorescent lamp source, 

and a CoolSNAP-EZ camera (Visitron). Digital images were recorded and analyzed offline 

with MetaVue software. Injury was induced by topical application of a 3 mm filter paper 

saturated with FeCl3 (20%). Adhesion and aggregation of fluorescent labeled platelets 

(DyLight-488-conjugated anti-GPIX IgG-derivative) in arterioles were monitored for 40 min or 

until complete occlusion occurred (blood flow stopped for longer than 1 min). 
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Aorta occlusion model. The abdominal cavity of anesthetized mice was longitudinally 

opened, and the abdominal aorta was prepared. An ultrasonic flow probe was placed around 

the aorta, and thrombosis was induced by one firm compression with a forceps for 20 

seconds. Blood flow was monitored until complete occlusion occurred; otherwise 

experiments were stopped manually after 30 minutes. 

Reverse passive arthus (rpA) reaction and lipopolysaccharide (LPS)-induced 

inflammation of the lung were performed as previously described.5 
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Supplemental Figure 1. Unaltered blood count parameters and platelet glycoprotein 

expression in Cyfip1-deficient mice. (A) Illustration of Cyfip1 targeted allele. Exon 4 and 

Exon 6 are flanked by loxP sites. Expression of Cyfip1 (B) and WAVE 1 (C) protein in 
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platelets was assessed by Western blot analysis. GAPDH served as loading control. (D) 

Blood count parameters as measured in a scil VET hematology analyzer (n=6, representative 

for two independent experiments). (E) Platelet glycoprotein expression was determined via 

flow cytometry (n=4, representative for five independent experiments). Values are mean ± 

s.d.  

 

 

 

Supplemental Figure 2. Ultrastructure of resting platelets. Scale bar: 1 µm (n=4 mice). 



8 
 

 

Supplemental Figure 3. Moderately reduced activation of CK-666-treated platelets. (A) 

Flow cytometric determination of inside-out activation of the αIIbβ3 integrin (JON/A-PE 

antibody) and (B) degranulation-dependent P-selectin exposure (FITC-labelled anti-P-

selectin antibody) in response to the agonists ADP/U46619 (thromboxane analogue), 

Thrombin (Thr), and collagen related peptide (CRP) (n=6). Values are mean ± s.d. *P<.05, 

**P<.01, ***P<.001. EtOH: ethanol (isovolumetric solvent control). 
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Supplemental Figure 4. CK-666-treated platelets show impaired lamellipodia formation. 

Washed platelets were allowed to spread on fibrinogen for 30 min and fixed with 2% PFA. 

Phase abundance was determined: (I) adhesion of resting platelets, (II) filopodia, (III) 

filopodia and lamellipodia, (IV) lamellipodia. (A) Platelets were pretreated with different 
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concentrations of CK-666 or the isovolumetric solvent control ethanol (EtOH). Scale bar: 10 

µm. (B) Platelets were pretreated with different concentrations of cytochalasin D or the 

isovolumetric solvent control ethanol (EtOH). Scale bar: 10 µm. Values are mean ± s.d. 

*P<.05, **P<.01, ***P<.001.  

 

Supplemental Figure 5. Arp2/3 localization in spread platelets. Platelets were spread on 

a fibrinogen coated surface for 30 min and stained for Arp2/3, -tubulin and F-actin. Scale 

bar: 2 µm. Arrows and arrow heads point to Arp2/3 in filopodia and lamellipodia, respectively. 
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Supplemental Figure 6. Cytoskeletal organization in spread platelets. dSTORM images 

of the platelet (A) actin and (B) -tubulin cytoskeleton on fibrinogen. Scale bars: 3 µm.  
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Supplemental Figure 7. Cytoskeletal organization in platelets at the bottom of a 

thrombus. (A) Representative images of the platelet cytoskeleton after experimentally-

induced ex vivo thrombus formation on collagen. Different spreading phases of adherent 

platelets to collagen fibers are shown. White arrow indicates unspread platelet; dashed white 

arrow indicates a filopodium with parallel actin filaments; arrow head indicates branched 

actin filaments; Scale bars: 1 µm. (1) = unspread, (2) = spread, parallel actin filaments, and 

(3) = spread, partially branched actin filaments. (B) Quantitative analysis of the distribution of 
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platelet spreading stages under flow conditions based on the cytoskeletal organization. n ≥ 

52 platelets per genotype were counted.  

 

Supplemental Figure 8. Cyfip1 knockout platelets have comparable procoagulant 

characteristics. Flow cytometric measurement of phosphatidylserine exposure (PS) by 

Annexin V binding. (A) Percentage of Annexin V-positive platelets; (B) mean fluorescent 

intensity (n=5, representative for three independent experiments). (C) Representative images 

of ex vivo thrombus formation under high dose heparin at a shear rate of 1000 s-1; PS-

negative platelets (red), PS-positive platelets (green). Scale bar: 30 µm. (D) Determination of 
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surface coverage of PS-positive platelets normalized to all adherent platelets (n=3, 

representative for three independent experiments). 

 

 

Supplemental Figure 9. Occlusive thrombus formation in mice. (A) The abdominal aorta 

was mechanically injured using forceps (compression for 15 s), and blood flow was 

monitored. Representative curves are shown. (B) Isolation of aorta and preparation for 

scanning electron microscopy is shown. Scale bar: 200 µm. 
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SUPPLEMENTAL VIDEOS 

 

Supplemental Video 1. Representative video of thrombin activated Cyfip1+/+ platelets 

spreading on fibrinogen for 20 minutes. 

Supplemental Video 2. Representative video of thrombin activated Cyfip1-/- platelets 

spreading on fibrinogen for 20 minutes. 

Supplemental Video 3. Representative video of whole blood from Cyfip1+/+ mice perfused 

over collagen at a shear rate of 1000 s-1 for 4 minutes. Flow direction from left to right. 

Thrombus contraction is visible. 

Supplemental Video 4. Representative video of whole blood from Cyfip1-/- mice perfused 

over collagen at a shear rate of 1000 s-1 for 4 minutes. Flow direction from left to right. 

Thrombus contraction is visible. 

Supplemental Video 5. Representative video of whole blood from Cyfip1+/+ mice perfused 

over collagen at a shear rate of 150 s-1 for 4 minutes. Single platelets form filopodia to grab 

collagen fibers, before they become activated and initiate thrombus formation. Different area 

are highlighted (white box). 

Supplemental Video 6. Representative video of thrombus formation in small mesenteric 

arterioles of Cyfip1+/+ mice, which was induced by topical application of 20% FeCl3. For 

monitoring of thrombus formation by intravital microscopy, platelets were labeled 

fluorescently.  

Supplemental Video 7. Representative video of thrombus formation in small mesenteric 

arterioles of Cyfip1-/- mice, which was induced by topical application of 20% FeCl3. For 

monitoring of thrombus formation by intravital microscopy, platelets were labeled 

fluorescently.  
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