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Figure S1, related to Figure 2. Bar graph showing results of DAVID analysis of 300 proteins identified in 
primary hepatocytes by cell surface capture. Bar graphs showing a representation of the top 10  proteins 
categorized using SwissProt keywords (A), and  gene ontology molecular function terms (B) that were enriched 
in the cell surface capture (CSC) data compared to gene distribution in the human genome (Y-axis). Numbers in 
parenthesis represent the number of proteins out of a total of 300 identified by CSC that fall under the indicated 
annotation. Enrichment of each classification is expressed as a log10 p value on the X-axis.     



Figure S2. Related to Figures 2 and 3. Representative annotated MS/MS Spectra for three candidate proteins. 
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Figure S2, related to Figure 2 and 3. Representative annotated MS/MS Spectra for three candidate proteins.
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Figure S5, related to Figure 4 and 5. A subpopulation of iPSC-derived hepatocyte-like cells sorted by FACS using 
antibodies that recognize SLC10A1, CLRN3, or AADAC express several hepatic mRNAs. (A) Dot plot showing gating 
parameters for FACS sorting SLC10A1 positive and negative iPSC-derived hepatocyte-like cell population. Dead cells are 
excluded out by staining with DAPI and live cells within the compartment P1 are used for sorting positive and negative cell 
fractions. No antibody control and PE-conjugated secondary antibody control are used to set up gating parameters for collecting 
negative cell fraction.  iPSC-derived hepatocyte-like cells stained with SLC10A1 antibody and corresponding PE-conjugated 
secondary antibody is used to set up gating parameters for collecting SLC10A1 positive cell fraction. (B) Data in Figure 5 is 
presented here to demonstrate relative enrichment of selected mRNAs in SLC10A1-positive cell fraction compared to 
SLC10A1-negative cell fraction which is set to 1. Data is presented as mean and SEM from sorting performed on 3 independent 
differentiations. (C and D) Bar graphs show qRT-PCR analyses to determine relative levels of selected mRNAs in pre-sort, 
positive sort, and negative sort cell fractons from CLRN3 (C) and AADAC (D) sorting experiments. Data presented is from a 
single differentiation and sorting experiment.     
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Gene Forward Probe Reverse
SLC10A1 TGTACAGGAGGAGAGGCATC AACCTCAGCATTGTGATGACCACCT ACCTGTCCAATGTCTTCAGTC
CLRN3 GAGCTCTGGGTTTACCTTCTAC AGCATCAGCAACCCTTACCAGACA GTGTTCGCCACAAACAGTATC
AADAC GCCATGGAGAATGATGTGGATA ACATTTGTGGAGCTCCTGGGACTT AAAGCTCCCGACAACCTTAAA
HNF4a TGGACAAAGACAAGAGGAACC CAAGAAATGCTTCCGGGCTGGC ATAGCTTGACCTTCGAGTGC
Albumin AAATCCCACTGCATTGCCGAAGTG TGCCTGCTGACTTGCCTTCATTAGCT AGCAGCAGCACGACAGAGTAATCA
ASGR1 TCCTTTCTGAGCCATTGCC CGTGAAGCAGTTCGTGTCTGACCT TGAAGTCGCTAGAGTCCCAG
ApoA1 CTTTGAGCACATCCACGTACA CTGCCAGAAATGCCGAGCCTG GCCGTGCTCTTCCTGAC
AFP CTGCAATTGAGAAACCCACTG TTGGAGAAGTACGGACATTCAGACTGC TTCCCTCTTCACTTTGGCTG

Table S4. List of PrimeTime assays used in qRT-PCR analysis
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Supplemental Experimental Procedures 
 
Mass Spectrometry and Data Analysis. Peptides from the CSC-Technology were analyzed over three technical replicate 
injections on an LTQ Orbitrap Velos as described in PMID: 25068131. MS/MS spectra were processed using Proteome 
Discoverer 2.2 against the UniProt Human database. SequestHT and MSAmanada search algorithms were used and followed 
by Percolator (default settings) for post-search processing. Precursor mass tolerance was 10 ppm, fragment mass tolerance 
was 0.6 Da., and 2 missed cleavages were allowed. Allowed variable modifications were deamidation (N), N-terminal 
acetylation, and oxidation (M). Carbamidomethylation (C) was a fixed modification. To be considered in the final dataset, 
proteins had to be deemed “high confidence” based on either SequestHT or MSAmanada, and identified by at least 3 peptide 
spectrum matches. 
 
 
Immunostaining. iPS cell-derived hepatocyte-like cells were washed once with 1x PBS, fixed with 4% PFA for 20 mins at 
room temperature followed by washing with 1x PBS for 3 x 5 mins. For staining cell surface proteins, fixed cells were 
blocked with 3% BSA in 1x PBS for 60 mins at room temperature followed by incubation with primary antibody against 
desired cell surface protein overnight at 4°C. For co-staining cell surface proteins with intracellular protein HNF4A, fixed 
cells were incubated with primary antibody against cell surface protein as described above, fixed again with 4% PFA for 20 
mins at room temperature, washed with 1x PBS for 3 x 5 mins. Fixed cells were permeabilized with 0.4% Triton-X for 20 
minutes at room temperature and washed with 1x PBS for 3 x 5 mins. Permeabilized cells were blocked with 3% BSA in 1x 
PBS for 60 mins at room temperature followed by incubation with primary antibody against HNF4A overnight at 4°C. Cells 
incubated with primary antibody were washed with 1x PBS for 3 x 5 mins, incubated with appropriate secondary antibody for 
60 mins at room temperature, washed again with 1x PBS for 3 x 5 mins and imaged. Primary antibodies used were SLC10A1 
(Aviva, ARP42097_P050, 1:200; mouse monoclonal, 1:50), CLRN3 (Thermo Fisher Scientific, PA5-26137, 1:200), AADAC 
(LSBio, LS-C155827, 1:200), ASGR1 (BD Biosciences, 563654, 1:100), and HNF4 (Santa Cruz, sc-6556, 1:250). Secondary 
antibodies used were A11055 Alexa fluor anti-goat 488 nm, A21207 Alexa fluor anti-rabbit 594 nm, A21206 Alexa fluor 
anti-rabbit 488 nm, A21203 Alexa fluor anti-mouse 594 nm. Secondary antibodies were used at 1:500 and nuclear stain 
DAPI (D1306, Thermo Fisher Scientific, 5 mg/ml) was used at 1:5000. Images were processed identically using Adobe 
Photoshop to optimize brightness and contrast.     
 
FACS sorting iPSC-derived hepatocyte-like cells using SLC10A1 antibody. iPS cell-derived hepatocyte-like cells in 6-
well plates were washed once with Versene and incubated in 1 ml of Versene per well at 37°C for 20-25 mins until cell to 
cell contact looks loose when looking through microscope. Add 1 ml of pre-warmed DMEM to each well, remove Versene-
DMEM mixture, and add 1 ml of pre-warmed Collagenase mixture (2 mg/ml Collagenase XI, 1 mg/ml dispase, 100 U/ml 
DNAse, 0.2% DMSO in 50:50 mixture of HBM and DMEM mixture). Incubate cells in Collagenase mixture at 37°C for ~35-
40 mins. During incubation pipette cells 2-3 times using 1 ml pipette to break up clumps to aid dissociation. Incubation with 
Collagenase mixture should result in cell clumps smaller than 5 cells. Add 500 ul of Versene to each well, collect 
Collagenase-Versene mixture in a 1.5 ml tube and centrifuge at 400g for 5 mins at RT. Resuspend cell pellet in each 1.5 ml 
tube in 500-750 ul of Versene, and transfer cell suspension to an suspension culture plate and incubate at 37°C for ~45 mins. 
During incubation, pipette cells 3 times using 5 ml serological pipette to aid in cell dissociation. Towards the end of Versene 
incubation, majority of cells should be dissociated to single cells. Filter dissociated cells using 3-4 100 um cell strainers to 
remove large cell clumps, if any. Collect residual cells struck to the strainer by adding 2 ml of cold 0.5% BSA per strainer. 
Pool all strained cells and centrifuge at 400g for 5 mins at 4°C. Remove Versene-BSA mixture and block by resuspending in 
5-10 ml of 1% BSA, and incubate on ice for ~45 mins. While cells are incubating in blocking mixture, stain cells using 
trypan blue and determine viability. Aliquot required number of cells for sorting using antibody against SLC10A1 and 
necessary controls for setting up gating parameters and for collecting gated pre-sort cell fraction (Cell only control, DAPI 
only control, DAPI + secondary antibody control). Remove blocking buffer by centrifuging at 400g for 5 mins at 4°C. 
Resuspend cell pellet using 25 ul of 0.25% BSA in 1x PBS per one million cells. To the cells meant to be sorted with 
SLC10A1 antibody, add 1 ug of SLC10A1 antibody (Aviva, ARP42097_P050) per 1 million cells. Incubate cells at 4°C for 1 
hour using an end-to-end rotator. After incubation, wash by resuspending in 1.3 ml of 0.25% BSA in 1x PBS followed by 
pelleting cells at 400g for 5 mins at 4°C. Resuspend the cell pellet using 25 ul of 0.25% BSA in 1x PBS per 1 million cells 
and 0.4 ul of donkey anti-rabbit PE (Santa Cruz, sc-3745) per 1 million cells to the sample meant to be sorted with SLC10A1 
antibody and DAPI + secondary antibody control sample. Incubate cells at 4°C for 30 mins with flicking tubes every 10 mins 
to allow proper suspension of cells during incubation. After incubation with secondary antibody, wash cells twice by 
suspending in 0.25% BSA in 1x PBS followed by pelleting by centrifugation at 400g for 5 mins at 4°C. After washing 
resuspend the cells in 0.25% BSA in 1x PBS, filter cells using 100 um cell strainers to remove clumps formed by any dead 
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cells. Finally, add 2 ul of 1:50 diluted 5 mg/ml DAPI stock (D1306, Thermo Fisher Scientific) per 1 million cells to ‘DAPI 
only control’, ‘DAPI + secondary antibody control’, and ‘SLC10A1 sort’ samples to gate out dead cells. Mixed cells by 
pipetting gently and cells were sorted using BD FACS Aria IIIu sorter. Cell gating was set to collect live cells from an 
unstained sample as pre-sort. Dot plot from ‘no antibody’ and ‘secondary antibody only’ control samples were used to 
establish gating parameters for collecting SLC10A1 positive and negative cell fractions. Sorted cells were collected in 1.5 ml 
tubes containing 100 ul of FBS. Sorted cells were pelleted by centrifugation at 8000 g for 5 mins at 4°C, suspended in RLT 
plus buffer from RNeasy plus micro kit, flash froze in liquid nitrogen, and stored at -80°C for future use for preparing RNA.   
 
FACS sorting iPSC-derived hepatocyte-like cells using CLRN3 or AADAC antibody. General protocol for FACS sorting 
iPSC-derived hepatocyte-like cells using CLRN3 or AADAC antibody is similar to sorting protocol described above using 
SLC10A1 antibody. For sorting CLRN3 positive hepatocyte-like cells, 2 ug of CLRN3 antibody (Thermo Scientific, PA5-
26137) per 1 million cells was used. For sorting AADAC positive hepatocyte-like cells, 2 ug of AADAC antibody (LSBio, 
LS-C155827) per 1 million cells was used. For sorting using CLRN3 or AADAC antibodies, DAPI staining was not done and 
cell gating was set to collect cells from an unstained sample as pre-sort. Dot plot from ‘no antibody’ and ‘secondary antibody 
only’ control samples were used to establish gating parameters for collecting positive and negative cell fractions.   
 
Statistical Analyses. Student’s t-test (two-tailed, unpaired, equal variance) was used when comparing two different 
conditions/samples and ANOVA-1 way was used when comparing more than two conditions/samples.  
 
Z-score analysis. For identifying transcripts that increased during maturation stage of the differentiation protocol presented 
in Figure 3A, previously published microarray data from our laboratory on H9 undifferentiated and day 5, 10, 15, and 20 
hepatic differentiated cells were used (samples 1 and 2 from GEO database accession numbers GSE14897 and GSE25417). 
Fold change in transcript levels between days 10 and 15, and days 15 and 20 were calculated by ANOVA-1 way analysis. Z-
score value was calculated using mean and standard deviation of fold change for the entire data set. Z-score value of 3 
corresponding to 9.27 and 5.06 fold enrichment between days 10 and 15, and days 15 and 20, respectively, was used as cut 
off. !
 


