
    
 

1 
 

 

Supplementary Information for 

Inflammatory platelet production stimulated by tyrosyl-tRNA synthetase  

mimicking viral infection 

 

 

Yosuke Morodomi,a,b,1 Sachiko Kanaji,a,b,1 Brian Sullivan,c Alessandro Zarpellon,d  

Jennifer N. Orje,a,d Eric Won,a,e,f,2 Ryan Shapiro,b Xiang-Lei Yang,b Wolfram Ruf,g,h  

Paul Schimmel,a,3 Zaverio M. Ruggeri,a,d,3 and Taisuke Kanajia,b,3 

 

 

*Correspondence:  

Paul Schimmel, schimmel@scripps.edu 

Zaverio Ruggeri, ruggeri@scripps.edu 

or Taisuke Kanaji, tkana@scripps.edu 

 

This PDF file includes: 

Supplementary text 

Figures S1 to S7 

SI References  

mailto:schimmel@scripps.edu
mailto:ruggeri@scripps.edu
mailto:tkana@scripps.edu


    
 

2 
 

SI Materials and Methods 

Reagents. TruStain FcX (anti-mouse CD16/32), APC anti-mouse Ly-6A/E (Sca-1) [E13-161.7], FITC 

anti-mouse Ly-6A/E (Sca-1) [E13-161.7], Brilliant Violet 421 anti-mouse CD41 [MWReg30], 

PE/Cyanine7 anti-mouse CD41 [MWReg30], APC anti-mouse CD41 [MWReg30], PE anti-mouse 

F4/80 [BM8], PE/Cy7 anti-mouse F4/80, BM8, Brilliant Violet 510 anti-mouse/human CD11b, M1/70, 

PE anti-mouse CD117, 2B8, PerCP/Cyanine5.5 anti-mouse CD34, HM34, APC/Fire 750 anti-mouse 

CD150 [TC15-12F12.2], Alexa Fluor 555 Goat anti-rat IgG, and DRAQ5 were from BioLegend (San 

Diego, CA). PE Anti mouse Integrin αIIb [MWReg30], and apixaban were from Santa Cruz Biotechnol-

ogy (Dallas, TX). Alexa Fluor 647 anti-mouse GpIbα antibody [5A7](1), Alexa Fluor 405 anti-mouse 

GPIbα antibody [5A7], Alexa Fluor 488 anti-Fibrin antibody, [64C5], and Alexa Fluor 647 Anti-Fibrin 

antibody [64C5] were from MERU-VasImmune (San Diego, CA). Dylight649 anti-mouse CD42b Anti-

body [Xia.G5] was from Emfret Analytics (Eibelstadt, Germany). Anti-GFP polyclonal antibody, Alexa 

Fluor 488 Goat anti-Chicken IgY (H+L) Secondary Antibody, Alexa Fluor 555 Goat anti-Rabbit IgG 

(H+L) Cross-Adsorbed secondary antibody, Alexa Fluor 647 Goat anti-Rat IgG (H+L) Cross-Adsorbed 

secondary antibody, TRIzol™ Reagent, and Alexa Fluor 647 labeled Fibrinogen were from Invitrogen 

(Carlsbad, CA). PE Rat Anti-Mouse CD144 [11D4.1] was from BD Biosciences (San Jose, CA). 

Gardiquimod was from AdipoGen Life Sciences (San Diego, CA). Lipopolysaccharide was from 

Oakwood Chemical (Estill, SC). Propidium iodide and ADP were from Sigma-Aldrich (St Louis, MO). 

Fc receptor blocking reagent was from INNOVEX biosciences (Richmond, CA). Recombinant YRSACT 

protein was prepared as previously reported (2). 

High-dimensional Mass cytometry. To analyze the surface marker of B6 WT mouse BM cells, we em-

ployed t-Distributed Stochastic Neighbor Embedding (t-SNE) analysis and high-dimensional mass cy-

tometry as previously described (3). BM cells were harvested from femurs of WT mice by flushing with 

PBS containing 0.5% BSA and 2 mM EDTA. After centrifugation, cells were fixed in 1% paraformal-
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dehyde at 4°C for 2 hours. The fixe BM cells were then washed and resuspended in PBS containing 2 

mM EDTA. After blocking Fc receptors with TruStain FcX, cells were stained with a panel of the anti-

bodies; CD41, CD11b, Sca1, CD34, c-Kit, F4/80, GPIbα, and CD150. The nuclei of cells were counter-

stained with Propidium Iodide (PI). Total of 2∙105 cell events were acquired using Aurora spectral ana-

lytical flow cytometer (CYTEK, Fremont, CA). We performed t-SNE analysis using FlowJo v.10.7.1, t-

SNE plugin. t-SNE plots were generated with the following parameters: 1000 iterations, 45 perplexity, 

8183 learning rate, Exact (vantage point tree) KNN algorithm and Barnes-Hut gradient algorithm. Prior 

to the analysis, we excluded doublet cells and multi-nucleated matured MKs (> 4N), focusing on 2N-4N 

singlet cells including immature MKs. For determination of 2N-4N region, we used peripheral blood 

mono-nuclear cells (PBMC) as the reference. 

Imaging flow cytometry. Blood samples collected from naive WT mice were diluted in PBS with 2 

mM EDTA, treated with TruStain FcX, followed by staining with FITC-anti-Sca1, PE-anti-CD11b, 

PECy7-anti-CD41, and Hoechst 33342. Images of the cells were acquired using Amnis ImageStream 

XMk II (Luminex). The data was analyzed using Amnis Image Data Exploration and Analysis Software 

(IDEAS; Luminex). 

Platelet count analysis. Complete blood count was obtained using the Procyte Dx (IDEXX Laboratories, 

Westbrook, ME).  

Fibrinogen binding analysis. Blood samples collected from retro-orbital plexus using sodium citrate as 

anticoagulant were diluted in modified Tyrode’s buffer, pH 7.4 containing 2 mM EDTA or 0.2 mM Ca2+. 

AlexaFluor 647-labeled fibrinogen was added at final concentration of 15 μg/mL into diluted whole 

blood (1.5 µL in the total volume of 100 µL, resulting in approximately ~18-36 μg/mL plasma fibrino-

gen and 10-12 ∙103/µL platelets) and was incubated in the presence of 10 µM ADP. After incubation at 

room temperature for 10 minutes, AlexaFluor 405 labeled anti-mouse GPIbα antibody 5A7 was added. 
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Samples were analyzed using a Novocyte flow cytometer (ACEA Biosciences). The results were ana-

lyzed with FlowJo v.10.7.1.  

Annexin V binding analysis. Blood samples collected from retro-orbital plexus using sodium citrate as 

anticoagulant were diluted in modified Tyrode’s buffer, pH 7.4 containing 3 mM Ca2+ with 200 nM 

Apixaban. Diluted whole blood (1.5 µl in the total volume of 100 µL) was incubated with AlexaFluor 

647-labeled Annexin V in the presence of 2.5 µg/mL Alborhagin. After incubating at room temperature 

for 30 minutes, AlexaFluor 405 labeled anti-mouse GPIbα antibody 5A7 was added. Samples were ana-

lyzed using a Novocyte flow cytometer. The results were analyzed with FlowJo v.10.7.1. 

MK ploidy analysis. BM cells either freshly harvested from femurs or ex vivo cultured for 3 days were 

fixed with 1% paraformaldehyde at 4°C for 2 hours. After washing, BM cells were resuspended in PBS 

containing 2 mM EDTA. Fc receptors were blocked with TruStain FcX (Biolegend), and then, the cells 

were stained for 10 minutes at room temperature with Brilliant Violet 421 labeled anti-mouse CD41 an-

tibody (1 μg/mL) (Biolegend) and propidium iodide (100 μg/mL) (Sigma-Aldrich, MO) in the presence 

of RNase A (50 μg/mL ) (Qiagen). The total volume of each sample was adjusted to 300 μL and 100 μL 

was acquired for analysis by NovoCyte flow cytometer. The results were analyzed with FlowJo v.10.7.1. 

Ex vivo MK culture. BM cells were isolated from Sca1/EGFP Tg mice and IFNAR−/−Sca1/EGFP Tg 

mice by flushing femurs and tibias. After washing, BM cells were resuspended at a density of 1.5∙107 

cells in 10 mL of Iscove’s modified Dulbecco’s medium (Thermo Fisher Scientific) supplemented with 

15% fetal bovine serum (Thermo Fisher Scientific). BM cells were cultured for 3 days and analyzed by 

flow cytometry or immunofluorescence microscopy (2). For the flow cytometry analysis, cells were de-

tached with Trypsin-EDTA (ThermoFisher Scientific), and collected cells were processed for MK 

ploidy analysis. For the microscopic analysis, the cover slips were sterilized and coated with PEI (25 

μg/mL). The BM cells were cultured on the cover slip for 3 days. The cells grown on the cover slip were 
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fixed with 4% paraformaldehyde, blocked and permeabilized with 0.1% Triton X-100 PBS containing 

5% normal goat serum (Thermo Fisher Scientific). The expression of CD41 was visualized by staining 

with rat anti-mouse integrin αIIb (MWReg30; Santa Cruz Biotechnology, CA) followed by AlexaFluor 

647 labeled goat anti-rat IgG secondary antibody (Thermo Fisher Scientific). The expression of EGFP 

was detected by staining with chicken anti-GFP polyclonal antibody (A10262, Thermo Fisher Scientific) 

followed by AlexaFluor 488 labeled goat anti-chicken IgG secondary antibody (A11039, Thermo Fisher 

Scientific). F4/80 was stained with rabbit anti-F4/80 antibody (CI:A3-1, Absolute Antibody) followed 

by AlexaFluor 555 labeled goat anti-rabbit IgG secondary antibody (A21422, Thermo Fisher Scientific). 

The nuclei were counterstained with 4′,6-diamidino‐2-phenylindole (DAPI) (Dojindo Molecular Tech-

nologies, Kumamoto, Japan). The images were observed with LSM880 laser scanning confocal micro-

scope (Zeiss). 

Quantitative PCR. Total RNA was extracted from homogenized mouse BM by using TRIzol reagent 

(Thermo Fisher Scientific) and purified using Monarch Total RNA Miniprep Kit (New England BioLabs, 

Ipswich, MA). Complementary DNAs were synthesized using ProtoScript II (New England BioLabs). 

Relative gene expressions were calculated according to the comparative Ct method using Ubiquitin C 

(UBC) as an internal control (4). qPCR was carried out on an ABI StepOnePlus System (Applied Bio-

systems) using the following primers (4). 

IFNa2; ATCCAGAAGGCTCAAGCCATCC, GGAGGGTTGTATTCCAAGCAGC 

IFNa7; TCCTGCCTGAAGGACAGAAAGG, GGTCAGCTCATGCAGAACACAG 

IFNb1; CTCCACCACAGCCCTCTC, CATCTTCTCCGTCATCTCCATAG 

Sca1; CCTACCCTGATGGAGTCTGTGT, CACGTTGACCTTAGTACCCAGG 

F3; GCACCGAGCAATGGAAGAGTTTC, CTTTCTGTCCCGCTCGGTTCTT 
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UBC; CCCAGTGTTACCACCAAGAAG, CCCCATCACACCCAAGAACA  
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Supplemental Figures 

Fig. S1. Effect of TLR4 or TLR7 activation on MK ploidy. (A) Ploidy distribution of Sca1/EGFP+ 

MKs in BM cells from IFNAR+ (left panel) or IFNAR− (right panel) Sca1/EGFP Tg mice, analyzed by 

flow cytometry after 3 days in culture with GDQ (0.5 μg/mL), LPS (1 μg/mL) or vehicle control (CON); 

n = 5 each. (B) Analysis of BM cells harvested from IFNAR+ (left panel) or IFNAR− (right panel)  

Sca1/EGFP Tg mice 2 days after i.p. injection of GDQ (1 mg/kg, n = 5), LPS (2 mg/kg, n = 6) or CON 

(n = 5). Data, shown as 25th-75th percentile boxes with min-to-max whiskers, were analyzed by repeated 

measures (RM) two-way ANOVA without assuming sphericity (Geisser-Greenhouse correction) with 

Dunnett's post-test for multiple paired comparisons. Note the 4 times difference in the ordinate scale for 

results obtained with IFNAR−/− mice due to the markedly reduced number of Sca1/EGFP+ MKs; to fa-

cilitate comparisons, a broken blue line is set at 1,000 in each panel. *P <0.05, **P <0.01, ***P <0.001, 

****P <0.0001.   
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Fig. S2. Effect of TLR4 or TLR7 activation on select IFN-I gene expression. Total RNA was ex-

tracted from BM cells of Sca1/EGFP Tg mice treated with GDQ, LPS or CON (see Fig. S1) and changes 

in expression of Ifna2, Ifna7, Ifnb1 and Ly6a (Sca1) were measured by real-time PCR. Relative gene 

expression is shown as fold increase of treated over control according to the comparative Ct method 

(ΔCt) using Ubiquitin C (UBC) as internal control. Data (n = 4) are shown as 25th-75th percentile boxes 

with min-to-max whiskers and individual values (open circles); means are indicated by a cross. Statisti-

cal analysis was performed by non-parametric repeated measures one-way ANOVA (Friedman test) 

with Dunn’s post-test for multiple comparisons; *P <0.05, **P <0.01. 
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Fig. S3. Immunofluorescence microscopy analysis of BM cells from Sca1/EGFP Tg mice treated 

with GDQ. Femurs of Sca1/EGFP Tg mice 3 days after GDQ or CON injection were harvested, cryo-

sectioned and incubated with anti-CD41 antibody to stain MKs and MK progenitors. Images collected in 

the green (EGFP) and magenta (CD41) fluorescence channels are shown along with the merged (white) 

image. Scale bars =100 μm.  
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Fig. S4. Different transcriptional profiles of Sca1/EGFP +/−  platelets. Blood samples (each pooled 

from 4 individuals) were collected from Sca1/EGFP Tg mice 3 days after i.p. injection of GDQ or CON. 

Platelets were sorted on the basis of Sca1/EGFP expression and analyzed by RNA-Seq. Values are 

shown as Transcripts Per kilobase Million (TPM). Selected differentially expressed genes (>1.5 times up 

or down difference in two independent experiments) are shown.  
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Fig. S5. Morphological features of inflammatory MKs and transcriptional profiles of cells en-

riched in Sca1/EGFP+ CD41+ progenitors. (A) Sca1/EGFP Tg mouse BM cells were cultured in the 

presence of mouse thrombopoietin (TPO; 50 ng/mL) or Gardiquimod (GDQ; 2 μg/mL) for 2 days. Cells 

were stained with the indicated antibodies after fixation and permeabilization. Immunofluorescence im-

aging of Sca1/EGFP (green), CD41 (red), CD11b (white) and Hoechst (blue) were obtained using 

LSM880 confocal microscope (Zeiss). Scale bars =10 μm. (B) Sca1/EGFP Tg mice were treated with or 

without GDQ (1 mg/kg) for 17 hours and BM cells were collected. FSClow SSClow cells (P1) were gated 

to exclude the population that contains mature MKs (P2). EGFPhigh CD41high cells (black rectangles) en-

riched in Sca1/EGFP+ CD41+ progenitors were sorted and subjected to bulk RNA-Seq. (C) Values are 

shown as Transcripts Per kilobase Million (TPM). Selected differentially expressed genes (>1.5 times up 

or down difference in two independent experiments) are shown.  

 

 

 

 

 

 

 



    
 

12 
 

Fig. S6. Ploidy analysis of Sca1/EGFP+ MKs from Sca1/EGFP Tg mice infected with LCMV-A. 

Ploidy distribution of Sca1/EGFP+ MKs was evaluated in BM cells harvested from femurs of 

Sca1/EGFP Tg mice before (0) and at the indicated days after LCMV-A infection. MK numbers per fe-

mur are shown as 25th-75th percentile boxes with min-to-max whiskers, line at the median and cross at 

the mean. Data were analyzed by RM two-way ANOVA with no sphericity assumption (Geisser-

Greenhouse correction) and Dunnett’s post-test for multiple pre-post comparisons. *P < 0.05, **P < 

0.01, ***P < 0.001; n = 5 for days 0, 7 and 16; n =4 for day 3. 
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Fig. S7. Immunofluorescence microscopy analysis of CD41+ circulating cells and lung tissue in 

LCMV-A infected or control (not infected) mice. (A) Mouse blood was diluted in PBS with 2 mM 

EDTA, treated with Fc blocking antibodies and stained with anti-CD41 and anti-CD11b antibodies; nu-

clei were counterstained with Hoechst. Images were acquired by imaging flow cytometry using the Am-

nis ImageStream XMk and data analyzed using Amnis Image Data Exploration and Analysis Software 

(IDEAS; Luminex). (B) Blood cells were stained with anti-CD41, anti-CD42b and anti-Sca1 antibodies; 

nuclei with DRAQ5. Cells were sorted using MoFlo Astrios (Beckman Coulter), fixed with 2% para-

formaldehyde and attached to glass slides before imaging. (C) Lung tissue from Sca1/EGFP Tg mice not 

infected (upper row) or 7 days post-infection with LCMV-A (middle and lower rows) was cryo-

sectioned, fixed, permeabilized and stained with antibodies against CD41, EGFP and fibrin; nuclei were 

counterstained with DAPI. Magnified images of the cropped area enclosed by rectangles in the middle 

row are shown in the lower row. Images in (B, C) were taken with a LSM880 confocal microscope 

(Zeiss). Scale bars: A, B = 5 μm; C, upper and middle rows = 100 μm, lower row = 50 μm.  
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