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Supplementary methods 

1. RNA isolation and microarray analysis  

RNA was extracted using RNeasy Plus kit (Qiagen) following manufacturers 

protocol. RNA quality was verified by an Agilent Bioanalyser system (Agilient 

Technologies) with 260/280OD ratios between 2.01-2.03 and 28S/18S ratios between 

2.1-2.7.  Expression levels were assayed using Illumina MouseWG-6 v2.0 and 

Illumina HumanHT-12 v4.0 Expression BeadChip for the murine and human cell 

lines, respectively. Analysis of the mouse and human expression data and downstream 

analyses have been described previously1. To adjust for the dependence between the 

variance and the probe intensity, variance stabilized transformation (VST) was carried 

out on background subtracted signal intensities generated by Genome Studio version 

1.5.4. We then removed probes with very low signal (detection P-value> 0.01 in all 

samples) using R package lumi. On the remaining set of probes, we applied surrogate 

variable analysis implemented in the R package sva4 to account for unmodeled factors 

that may bring about batch effects, in addition to known covariates such cell line 

identity.  After performing these steps, we used the final adjusted intensities 

downstream analyses. Differential expression analyses between cell lines was carried 

out using the R package limma5 where statistical significance was determined by fold 

change> 1.5 (over-expressed relative to control) or < 0.67 (under-expressed) and a 

Benjamini-Hochberg adjusted P-value < 0.25. 

 

2. Protein extraction and proteomics analysis 

Subcellular fractional protein extraction was performed using Proteoextract 

subcellular proteome extraction kit (Merck, Millipore) following manufacturers 

protocol. Reduced and alkylated Cytosolic protein extract (“fraction 1”) and 

Membrane/Organelle protein extract (“fraction 2”) were analysed were sequentially 

digested with Lys-C (1:100; Promega, Madison, WI) and trypsin (1:100; Promega), 

peptides purified using C18 and resuspended in 1% formic acid as before2, 3. Samples 

were analysed in triplicate using a Thermo Scientific Q Exactive mass spectrometer 

connected to a Dionex Ultimate 3000 (RSLCnano) chromatography system. Raw 

mass spectrometry files were searched using MaxQuant (MQ) proteomics software 

(https://www.maxquant.org/) and tandem mass spectrometry spectra searched against 

mouse (Dec 2014) and human FASTA (May 2014). 

 

3. Identification of transmembrane proteins for recombinant expression (recTMP)  

The sequences of proteins that were more abundant in the proteomic and 

transcriptomic datasets of supportive cell lines compared to control cells were 

downloaded from uniprot. Each protein was analysed for the presence of predicted 

transmembrane (TM) domains, glycosylphosphatidylinositol (GPI) anchor and signal 

peptide (SP) sequences using SignalP v4.1 and TMHMMv2.0 essentially as 

described4-6. Some proteins predicted to be membrane-localized were excluded based 

on the following criteria: membrane proteins where the ectodomain did not consist of 

a contiguous polypeptide such as “multi-pass” membrane proteins; those membrane 

proteins that lacked a signal peptide (e.g. type II membrane proteins) and those 

annotated as being localised to intracellular organelles such as mitochondria or the 

endoplasmic reticulum. The region corresponding to the entire ectodomain for each 

protein was determined using software tools that predicted the location of 

transmembrane regions as above. Synthetic gene constructs corresponding to these 

sequences were made by gene synthesis and codon optimised for human cells 

(GeneartAG, Germany), essentially as described7. The coding sequences were cloned 



into a mammalian expression plasmids (GeneArt, derived from the pTT3 vector) 

containing the rat Cd4 domains 3 and 4 antigenic tag, an enzymatic biotinylatable 

sequence, and 6-His tags as described8, 9. 

 

4. Expression of recTMPs 

The extracellular region of selected receptor proteins were expressed as biotinylated, 

secreted recombinant proteins in HEK293E and HEK2936E cells as previously 

described (see also Supplementary Fig. 9a-b)8, 10-13. Protein expression was confirmed 

by a colour precipitation solution 5-bromo-4-chloro-3'-indolyphosphate p-toluidine 

salt/ nitro-blue tetrazolium chloride (BCIP/NBT; Roche 11697471001) or by ELISA 

using a mouse anti-rat-Cd4 antibody (1/300, clone OX-68, Bio-Rad) with anti-mouse 

IgG-alkaline phosphatase antibody (1/1000, Merck) and a phosphatase substrate 

(Merck). ELISAs were analysed at 405nm with a Spectromax M5 plate reader with 

Softmax Pro software (Molecular Devices). 

 

5. Mobilisation of recTMPs 

For functionalised wells (2D). Nunc Maxisorp coated 96 well plates (Merck) were 

incubated with 100ug/ml streptavidin (Merck) with/without 200μg/ml fibrinogen (for 

proplatelet assay, FIB3, Enzyme Research) for 1 hour at r.t. Wells washed with 

PBS+0.2% BSA were incubated for 1 hour at r.t. with recTMP. For static collagen 

scaffolds. 8mm diameter cross-linked collagen scaffolds were washed with PBS by 

semi-dehydration using a 0.22 μm, PES, steritop filter (Millipore). Semi-dehydrated 

scaffolds were rehydrated with 100ug/ml streptavidin and incubated overnight at 4oC. 

Scaffolds were washed with PBS+0.2% BSA. Scaffolds were rehydrated with 

recTMP and incubated for 1 hour at r.t. On silk films Silk films were generated 

following previously published protocol.14 Silk films were either coated with 10 and 

20µg/ml recTMPs or functionalized by mixing the silk solution with 10 or 20µg/ml 

recTMPs before casting. Silk films were water annealed in a vacuum chamber 

containing 100ml of water at the bottom of the chamber. The water annealing 

chamber was maintained at room temperature for 16 hours. 

 

6. Data Analysis- recTMP screening 

 A negative binomial regression model of the number of platelets was fitted solely on 

batch. A scattergram of the predicted number of platelets from the model against the 

observed number of platelets demonstrates that batch is a strong determinant of 

variation. In addition, it reveals a significant degree of heteroscedasticity over batches 

(Supplementary Figure 10). To account for the heteroscedasticity in our analysis of 

the effects of protein on the number of platelets, a separate negative binomial 

regression model was fitted for each batch and protein, which included an intercept 

term and a binary covariate indicating whether a measurement corresponded to a 

given protein. The inverse-variance weighting method was then used to meta-analyse 

the fixed effects corresponding to each protein across batches. We computed adjusted 

p-values using Benjamini and Hochberg's method for controlling the false discovery 

rate15. 
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Supplementary Figure Legends 

 

Supplementary Figure 1. Characterisation of in vitro produced platelets. Flow 

cytometry raw data representing gating strategies in in vitro platelet characterisation. 

First, by forward scatter (FS) vs side scatter (SS) with events similar in size and 

density to peripheral blood platelets, then using metabolic viability dye, calcein-AM, 

positive cells are gated on and finally using platelet surface receptors CD41a and 

CD42a. All in vitro produced platelets are defined as calcein-AM+/CD41a+/CD42a+. 

 

 

Supplementary Figure 2. Platelet production increases with direct contact of 

megakaryocytes (MKs) and other cells. Analysis of platelet production by flow 

cytometry of cord blood-derived MKs (CBMKs) (A) co-cultured with the indicated 

cell lines for 72 hours or (B) cultured with conditioned media from the indicated cell 

lines for 72 hours. All data represents relative platelet production compared to the 

untreated control (Ctl). (A) n=5-6, (B) n=3-4. Paired Student T-test, # p=0.085, * 

p<0.05. 

 

Supplementary Figure 3. Platelets/megakaryocyte (MK) quantification of 

platelet production with shortlisted proteins. Analysis of platelet production by 

flow cytometry of (A) cord blood-derived MKs (CBMKs), n=3-5, and (B) induced 

pluripotent stem cell-derived MKs (iPSC-MKs), n=3-6, incubated with individual 

recTMPs at 10µg/ml for 72/24 hours (CBMK/iPSC-MK), data expressed as platelets 

per seeded MK. Streptavidin only control (Ctl). All data mean±S.D., Repeated 

measures one-way ANOVA, * p<0.05. 

 

Supplementary Figure 4. Quantification of individual recombinant 

transmembrane proteins (recTMPs) and platelet production. (A) Quantification 

of the indicated concentrations of mobilised recTMPs in a 2D culture system using a 

rat Cd4 ELISA, data represents optical density (OD), n=3. Analysis of platelet 



production by flow cytometry of (B) cord blood-derived megakaryocytes (CBMKs), 

n=3, and (C-E) induced pluripotent stem cell-derive megakaryocytes (iPSC-MKs), 

n=4-3, incubated with individual recTMPs at the indicated concentrations for 72/24 

hours (CBMK/iPSC-MK), data expressed as platelets per seeded MK. Streptavidin 

only control (Ctl). All data mean±S.D., Repeated measures one-way ANOVA, * 

p<0.05. 

 

Supplementary Figure 5. Quantification of recombinant transmembrane 

proteins (recTMPs) combinations in tissue culture wells and platelet production. 

Analysis of platelet production by flow cytometry of induced pluripotent stem cell-

derived megakaryocytes (iPSC-MKs) incubated with the indicated concentrations of 

recTMPs for 24 hours individually or in combination; (A-B) duplicates, n=3, or (C-D) 

triplicate, n=3, (A+C) data represents relative platelet production compared to the 

streptavidin-only control (Ctl), (B+D) expressed as platelets per seeded MK. (E-F) 

Quantification of the indicated concentrations of mobilised recTMPs in a 2D culture 

system using a rat Cd4 ELISA, data represents optical density (OD), n=3.All data 

mean±S.D. repeated measures one-way ANOVA, n.s. not statistically significant. 

 

Supplementary Figure 6. Platelet/megakaryocyte (MK) quantification of platelet 

production on collagen scaffolds. Analysis of platelet production on functionalised 

collagen scaffolds of (A) cord blood-derived MKs (CBMKs), with 0.01mg/ml 

ACVR1B, n=4, and (B) induced pluripotent stem cell-derived MKs (iPSC-MKs), with 

either 0.178mg/ml MUCEN, 0.355mg/ml BTN1A1, 0.71mg/ml CRTAM or all three 

recombinant transmembrane proteins (recTMPs) together,  n=4, data expressed as 

platelets per seeded MK. Streptavidin only control (Ctl). All data mean±S.D., 

Repeated measures one-way ANOVA, ** p<0.01. 

 

Supplementary Figure 7. Functionalised silk scaffold preparation and 

characterisation (A) Schematic showing recombinant transmembrane proteins 

(recTMPs) for silk scaffolds, including the protein ectodomain, Cd4 tag, silk β-sheet 

bind sequence and HIS tag, and how these recTMPs bind to silk β-sheets. (B) 

Representative 5-bromo-4-chloro-3'-indolyphosphate p-toluidine salt/ nitro-blue 

tetrazolium chloride (BCIP/NBT) dye deposition on silk films. (C) Quantification of 

recTMPs using Cd4 ELISA after silk film functionalisation with the indicated 

peptides, data represents optical density (OD), n=3. (D) Representative BCIP/NBT 

dye deposition on silk scaffold. (E) Quantification of recTMPs using Cd4 ELISA 

after 3D silk scaffold functionalisation with the indicated peptides, data represents 

optical density (OD), n=3. The figures of the tubes, pipettes and petri dish are adapted 

from Servier Medical Art licensed under a Creative Commons Attribution 3.0 

Unported License (https://smart.servier.com). All data mean±S.D. 

 

Supplementary Figure 8. Proplatelets and dumbbells structures in bioreactor 

outflow. Brightfield images of bioreactor out flow of silk functionalised with 

ACVR1B and the control, representative image of three repeats. 

 

Supplementary Figure 9. Schematic of collagen and silk recombinant 

transmembrane proteins (recTMPs). (A) recTMPs for the functionalisation of 

collagen scaffolds or any streptavidin coated surface contain the protein ectodomain, a 

rat Cd4 tag (domains 3+4), HIS tag and a biotin binding sequence. (B) To conjugate 

the purified recombinant proteins to the silk scaffold, the biotin- and 6-HIS- tag were 



removed by cutting the expression plasmid with EcoR1 and XbaI restriction enzymes 

and replacing it with a synthetic gene insert encoding a “silk-tag” which is comprised 

of the repeated sequence ((GAGAGS)6) and again followed a 6-His tag for 

purification. 

 

Supplementary Figure 10. Degree of heteroscedasticity over batches 

We fitted a negative binomial regression model of the number of platelets on batch, 

encoded as a matrix of binary covariates. The scattergrams show the predicted 

number of platelets from a model fitted to data from  (A) cord blood-derived 

megakaryocytes (CBMKs) and from a model fitted to data from (B) induced 

pluripotent stem cell-derived megakaryocytes (iPSC-MKs) against the observed 

number of platelets. Each distinct prediction value on the x-axes corresponds to a 

different batch. The residual variance differs substantially between each batch, 

reflecting heteroscedasticity. We accounted for this heteroscedasticity through a meta-

analysis of batch-specific regression coefficients. 

 

 

Supplementary Table legends 

Supplementary Table 1. showing shortlisted differentially expressed 

proteins/transcripts in supportive mouse cell line C3H/10T1/2 compared to non-

supportive mouse cell lines; OP9 and MEF. Whether they were successfully 

expressed and immobilised on streptavidin coated surfaces. Highlighted red, proteins 

that were unable to be expressed as recombinant transmembrane proteins (recTMPs). 

 

Supplementary Table 2. showing shortlisted differentially expressed 

proteins/transcripts in supportive human cell lines; HUVEC and BMEC, compared to 

non-supportive human cell line, MSC. Whether they were successfully expressed and 

immobilised on streptavidin coated surfaces. Highlight red, proteins that were unable 

to be expressed as recombinant transmembrane proteins (recTMPs). 

 

Supplementary Table 3. showing a shortlisted human platelet ectodomain protein 

library previously described in Sun Y 201516. 

 

Supplementary Table 4. showing the inverse-variance weighted estimate of protein 

effect (Estimate) in cord blood-derived megakaryocytes (CBMKs) compared to the 

streptavidin only control, standard error (S.E.), p-value and adjusted p-value using 

Benjamini and Hochberg’s method15. Red fill indicates shortlisted recombinant 

transmembrane proteins (recTMPs) for further validation. Blue fill indicates recTMPs 

shortlisted in iPSC-MKs.  

 

Supplementary Table 5. showing the inverse-variance weighted estimate of protein 

effect (Estimate) in induced pluripotent stem cell-derived megakaryocytes (iPSC-

MKs) compared to the streptavidin only control, standard error (S.E.), p-value and 

adjusted p-value using Benjamini and Hochberg’s method15. Red fill indicates 

shortlisted recombinant transmembrane proteins (recTMPs) for further validation. 

Blue fill indicates recTMPs shortlisted in cord blood-derived megakaryocytes 

(CBMKs). 

 

Supplementary Table 6. showing which data sets the shortlisted proteins were 

identified in. 



Supplementary Tables 

Supplementary table 1. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary table 2. 

 
 

 



Supplementary table 2. Continued 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary table 3. 

 
 

 

 



Supplementary table 4. 

 
 

 

 

 

 

 

 

 

 

 

 

 



Supplementary table 5. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 6. 

 

Shortlisted proteins           
           
supportive mouse cell 

line C3H/10T1/2  SBSN                   

supportive human cell 

lines; HUVEC and 

BMEC EDN1 CATC MUCEN CD28 PD1L2 BTN1A1 BT3A3 CRTAM PORIM ACVL1 

human platelet 

ectodomain protein 

library M6PR ACVR1B G6B CD47 LAMP1           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Supplementary Figures 

 

Supplementary Figure 1. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Supplementary Figure 2. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Supplementary Figure 3. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Supplementary Figure 4. 
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Supplementary Figure 7. 
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Supplementary Figure 9. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Supplementary Figure 10. 

 


