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Single-cell approach to monitor plasma membrane localization

To monitor the plasma membrane (PM) localization of a protein in an unbiased manner,
we established a semi-automated approach that compares the mean intensity of a substrate at
the PM to the intracellular (IC) region at the single-cell level (Supplemental Fig. 1A). As a
control for the approach, Vero cells were co-transfected with plasmids expressing GFP with
an N-terminal TMD (TMD-GFP) and RFP for a cellular marker (step -i-). At 48 h post-
transfection, live and fixed cells were prepared for confocal microscopy and multiple cell
section images were taken (step -ii-). Each image was then processed using Cell profiler 2.0
software (Kamentsky et al., 2011) with the following parameters. The RFP signal identified
each “cell” boundary > 350 um?, the lower edge of the normal cell size distribution (step -iii-).
The PM region was defined as the peripheral area 0.5 pum in-and-out from the RFP boundary
(step -iv-). The intracellular (IC) region was defined as the area surrounded by the PM region
(step -v-). The ratio of the mean fluorescent signal for the PM and IC regions were then
calculated for each cell (step -vi-).

The signal from the RFP and the DAPI stained nucleus were used to determine the
threshold IC value, and the signal from wheat germ agglutinin (WGA) and the protein marker
TMD-GFP were used to establish the PM values. Analysis of the different cell populations
gave average PM/IC ratios of ~0.5 for the IC localized targets and the ratios for the individual
cells were all < 1 (Supplemental Fig. 1B and C). For the PM controls WGA and TMD-GFP,
the average PM/IC ratios were ~3 and ~2, respectively for 100-200 cells, and all the
individual cell PM/IC ratios were > 1. Both live and fixed cells showed cell-to-cell variation
in the PM/IC ratios, but this was most notable for WGA, which was extremely sensitive to
the image acquisition time after fixation or the staining time for the live cell analysis. Based
on these results, PM localized substrates should have a PM/IC ratio > 1 and IC localized

substrates should have a ratio < 1 using this approach.
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SUPPLEMENTAL FIGURE 1: Single-cell microscopy assay to monitor PM localization.
(A) Outline of the experimental approach. Cells were transfected with a cytoplasmic marker
(RFP) and the TMD construct of interest, and image sections were obtained by confocal
microscopy. The images were then processed using Cell profiler 2.0 where RFP defines the
cell boundary. The mean intensity of the TMD construct in the plasma membrane (PM)
region, defined as 0.5 um in-and-out from the cell boundary, was calculated. Finally, the PM
mean intensity was normalized to that of the intracellular region (IC), defined as the area
surrounded by the PM region. (B) The PM/IC values obtained from fixed and live cell
controls are displayed with the IC marker RFP. (C) Representative images of fixed and live
cell sections are shown for samples where the PM was labeled with WGA, or TMD-GFP, and
the IC region with RFP.
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SUPPLEMENTAL FIGURE 2: NA trypsin protection and glycosylation analysis of
constructs with a shifted glycosylation site. (A) Immunoblots of lysates obtained from cells
expressing the indicated constructs. Prior to harvesting, the cells were incubated in the
absence and presence of trypsin to determine if the myc epitope was properly positioned on
the extracellular side of the plasma membrane. The digestion was performed on detergent
(TX-100) solubilized cells to confirm the epitope is sensitive to trypsin. Note the decrease in
the signal on the full-length construct with the 440 aa C-tail, but not with the 36 aa C-tail. (B)
Similar analysis using the PM localized, unglycosylated, NA construct with a 61 aa C-tail and
the glycosylated construct with a 96 aa C-tail. The glycosylated construct (C-tail 96 aa) is
properly orientated and trypsin sensitive, whereas the unglycosylated construct (C-tail 61 aa)
is not properly inverted even though it localizes to the PM. (C) Glycosylation site positioning
is not responsible for the low glycosylation efficiency of the NA constructs with a marginally
hydrophobic TMD. Transfected cell lysates expressing the indicated constructs with the
natural glycosylation site moved 6 aa further from the membrane were either untreated, or
treated, with PNGase F, separated by SDS-PAGE, and immunoblotted. The number of N-
linked glycans is indicated, and the SDS resistant TMD dimer is depicted with an asterisk.




SUPPLEMENTAL TABLE 1: Curation of human Nin-Cout type Il membrane protein TMD sequences:hydrophaobicity,
positioning, topologies, and localization. The table displays all the human Nin-Cout type Il membrane proteins obtained from
the UniProtKB/Swiss-Prot database with the predicted length, hydrophobicity, and location of their TMDs, which were used
to calculate their C-tail length and create the graph in Figure 8. References (Pubmed ID) for the proteins that localize to the
mitochondria, have a likely Nout-Cin orientation, or have been documented as soluble or secreted are provided.

Uniprot ID Protein length TMD length C-tail length  TMD sequence TMD AG Topology notes PubMed reference
sp|Q5VT66|MOSC1_HUMAN 337 23 293 WLGVAALGLTAVALGAVAWRRAW -1,04  Mitochondrial localization 23086957
sp|Q9BV23|ABHD6_HUMAN 337 33 296 FVIAGGTLAIPILAFVASFLLWPSALIRIYYWY -2,9  Predicted mitochondrial localization
sp|Q68CQ7|GL8D1_HUMAN 371 20 349 FRKVNIIILVLAVALFLLVL -2,64 Predicted mitochondrial localization
sp|P15144|AMPN_HUMAN 967 29 934 FYISKSLGILGILLGVAAVCTIIALSVVY -2,3  Secreted 7904544, 7902291
sSp|Q86X52|CHSS1_HUMAN 802 23 774 RRAWLSVLLGLVLGFVLASRLVL -2,59 Secreted 21129727
sp|Q10471|GALT2_HUMAN 571 24 547 MRRRSRMLLCFAFLWVLGIAYYMY -2,4  Secreted 9394011
sp|O75354|ENTP6_HUMAN 484 20 422 VAYPLGLCVGVFIYVAYIKW -0,25 Secreted 14529283
Sp|Q9HIS5|FKRP_HUMAN 495 27 468 MRLTRCQAALAAAITLNLLVLFYVSWL -1,7  Secreted 19900540
Sp|QINRQ2|PLS4_HUMAN 329 19 9 VKMKAMIFGACFLIDFMYF 0,93  Soluble 15035622, 16091359
sp|015162|PLS1_HUMAN 318 19 13 VKMKAVMIGACFLIDFMFF 1 Soluble 15035622, 16091359
Sp|QINRY6|PLS3_HUMAN 295 19 13 VRVKAVLLGATFLIDYMFF 1,15 Soluble 15035622, 16091359
SP|QINRY7|PLS2_HUMAN 224 19 4 VKMKAVMIGACFLIDYMFF 1,17  Soluble 15035622, 16091359
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