Supplemental Figures

Figure S1. RNA sequencing and proteomic data of selected genes in E18.5 control and Emc3
cKO EpCAM+ lung cells.
(A) RNA sequencing data of Emc genes were obtained in E18.5 control and Emc3 cKO EpCAM+
lung cells. Emc3 mRNA was decreased without changes in RNA transcripts encoding other EMC
subunits in Emc3 cKO mice.
(B) RNA sequencing data related to surfactant associated genes in E18.5 control and Emc3 cKO
EpCAM+ lung cells. No significant changes in Abca3 or surfactant associated protein mRNAs
were observed in Emc3 cKO mice.
(C) Proteomic analysis on E18.5 control and Emc3 cKO EpCAM+ lung cells. EMC proteins and
ABCA3 were decreased and surfactant proteins SP-A and SP-C were increased in EpCAM+ cells
of Emc3 cKO lung.
For RNA sequencing, EpCAM+ lung cells from two Emc3 cKO and two control samples were
analyzed. For proteomics, four samples of each genotype were analyzed. *P<0.05, ***P<0.001.

Figure S2. Emc3 deletion in the epithelial cells does not disrupt AT1 cell differentiation.
(A and B) Immunohistochemical staining for Podoplanin (PDPN) on lung sections of control and
Emc3 cKO embryos at E18.5.
(C-F) Immunofluorescence staining for AGER and HOPX on lung sections of control and Emc3
cKO embryos at E18.5.
All AT1 cell markers, PDPN, AGER or HOPX demonstrate normal patterns of staining after
deletion of Emc3. Scale bars: 100 µm.

Figure S3. Immunogold labeling of ABCA3, proSP-B, and proSP-C in E18.5 control and
Emc3 cKO embryos.
In control AT2 cells, ABCA3 labeling was present in limiting membranes of lamellar bodies;
proSP-B and proSP-C were normally processed and did not accumulate intracellularly. In Emc3
cKO AT2 cells, ABCA3 staining was markedly decreased; both proSP-B and proSP-C
accumulated in the multivesicular bodies. ER: endoplasmic reticulum; G: Golgi apparatus; LB:
lamellar body; MT: mitochondria; MVB: multivesicular body; NUC: nucleus. Scale bars: 250 nm.

Figure S4. Interaction between EMC3 and ABCA3 in MLE-15 cells.
(A) Staining of MLE-15 cells with EMC3 antibody shows colocalization of endogenous EMC3
with ER marker, PDI. Scale bar: 25µm.
(B and C) MLE-15 cells were transfected with ABCA3-Flag alone and immunostained 48 hours
later. ABCA3-Flag expression increased endogenous EMC3 levels and recruited EMC3 to LAMP1 positive vesicles. Scale bars: 25µm.
(D) Equal numbers of MLE-15 cells were transfected with control vectors or Myc-Emc3 cDNA
alone or ABCA3-Flag alone or both together. Cells were lysed 48 hours later and immunoprecipitated by beads conjugated with Myc antibody or Flag antibody. Samples were eluted and
processed for immunoblotting. Three independent experiments were performed and representative
results are shown. Antibodies used for immunoblotting are indicated on the left of the panels.

Figure S5. Lack of EMC3-ProSP-C interaction in MLE-15 cells.
(A) MLE-15 cells were transfected with Myc-Emc3 and immunostained 48 hours later. Scale bar:
25µm.
(B) MLE-15 cells were co-transfected with SFTPC cDNA and Myc-Emc3 and immunostained 48
hours later. Scale bar: 25µm.
(C) Equal numbers of MLE-15 cells were transfected with Myc-Emc3 cDNA alone or together
with cDNAs expressing Abca3-Flag or SFTPC. Cells were lysed 48 hours later and immunoprecipitated by beads conjugated with Myc antibody. Samples were eluted and processed for
immunoblotting. Three independent experiments were performed and representative results are
shown. Antibodies used for immunoblotting are indicated on the left of the panels.

Figure S6. Expression of human ABCA3 and SP-C variant proteins induced Bip, EMC3 and
EMC4.
(A and B) MLE-15 cells were transfected with equal amount of empty vector or constructs
encoding different ABCA3 (A) or SP-C (B) variants. Cells were harvested 60 hours after
transfection. Lysates were subjected to immunoblotting using indicated antibodies.
(C) Quantification of western blots shown in (A) and (B) from three independent experiments.
Means and ± SEM; *P<0.05, **P<0.01 using unpaired, 2-tailed Student’s t test.

Figure S7. Enrichment of AT2 cells after EpCAM sorting.
EpCAM+ epithelial cells were isolated from control and Emc3 cKO fetal lungs (E18.5) using
magnetic beads.
(A and B) Immunostaining of cytospins of sorted cells with NKX2.1/proSP-C and with DAPI.
Representative immunofluorescence images are shown. Scale bars, 100 µm.
(C) Quantification of the ratios of epithelial cells (NKX2.1+) and AT2 cells (proSP-C+) in DAPI+
cells from the staining shown in (A) and (B). Means ± SEM are shown. n=4/group.

Supplemental Tables
Genes
Aqp3
Sftpa1
Gjb6
Aqp5
Lipg
Pnliprp1
Lpcat1
Rab27a
Pnpla2
Sc5d

Fold change in Abca3 cKO
-7.09
-3.95
-3.64
-3.20
-2.45
-2.16
-2.11
-1.90
-1.59
1.71

Fold change in Emc3 cKO
3.15
1.11
-2.30
-1.21
1.27
-26.67
1.01
-1.23
-1.23
1.30

Correlation
Opposite
Opposite
Same
Same
Opposite
Same
Opposite
Same
Same
Same

Table S1. Comparison of differentially expressed genes in Abca3 cKO and Emc3 cKO lungs.
Changes in mRNAs in whole lung from E18.5 ABCA3 gene deleted embryos (SP-CrtTAtg/wt;TetO-Cretg/wt;Abca3flox/flox deleted doxycycline administration to the dam from E6.5 to
E14.5) (1) were compared with whole lung RNA sequencing data. Transcriptional changes in
E18.5 Emc3 cKO lungs were assessed by RNA sequencing of whole lung mRNA.

Table S2. Changes of mRNAs (A) and proteins (B) in EpCAM+ cells sorted from Emc3 cKO
fetal lungs (E18.5). Results were obtained by RNA sequencing and proteomic analysis from
control and Emc3 cKO AT2 cells as described in Methods.

Table S3. Changes in the concentrations of lipid species in EpCAM+ cells sorted from Emc3
cKO fetal lungs (E18.5).
Results were obtained by lipidomics analysis as described in Methods. Fold changes of
significantly changed lipid species are shown, P < 0.05 using two-tailed, homoscedastic t-tests. n
= 4/group.

Reference
1.

Besnard V, Matsuzaki Y, Clark J, Xu Y, Wert SE, Ikegami M, Stahlman MT, Weaver TE, Hunt AN, Postle
AD, et al. Conditional deletion of Abca3 in alveolar type II cells alters surfactant homeostasis in newborn
and adult mice. Am J Physiol Lung Cell Mol Physiol. 2010;298(5):L646-59.

