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Fig. S1. Smpd3 gene expression is detected in premigratory and migratory cranial neural crest 
cells. In situ hybridization shows that Smpd3 expression is absent at early stages (A), initiates in 
specified, premigratory neural crest cells (B), and is maintained during migration (C,D). E, Transverse 
section of embryos at stage HH10 (C, dashed line) shows Smpd3 expression in migrating cranial neural 
crest cells, immunolabeled by the surface antigen HNK-1. HH, Hamburger Hamilton stage; pNC, 
premigratory neural crest; mNC, migratory neural crest. See also Fig. 1. F, Immunolabeling reveals 
enrichment of the lipid ceramide in Pax7-labeled migrating neural crest cells at stage HH11, as ell as 
along the apical surface of the neural tube. Scale bar represents 50 µm. 
 
 



 

 

 
 
Fig. S2. CRISPR/Cas9-mediated nSMase2 knockout and neutral sphingomyelinase inhibition 
phenocopy nSMase2 MO. A, Embryos were electroporated with a Cas9-eGFP-expressing construct, 
together with U6.3-driven control- or nSMase2-targeting gRNAs. At HH9, embryos were fixed and 
processed for HCR to detect expression of Smpd3 transcripts and the neural crest marker Tfap2b. Box 
plot displaying relative fluorescent intensity shows that, compared with control gRNA, nSMase2 gRNA 
does not affect Tfap2b expression but does knock down Smpd3 transcript levels (n=7 embryos). B, 
Pax7 staining in nSMase2 CRISPR-electroporated embryos reveals a significant reduction in cranial 
neural crest migration area (See also Fig. 2B for quantitation). C, Wild type embryos were treated with 
DMSO (left) or the neutral sphingomyelinase inhibitor GW4869 (50 µm, right) at stage HH8 (prior to 
neural crest EMT) and incubated until stage HH9+ (migratory stage). Pax7 staining reveals that DMSO 
treatment did not prevent neural crest EMT (n=4/4), while global GW4869 treatment bilaterally inhibited 
EMT (n=6/9). Scale bars represent 100 µm. ns, non-significant, **p <0.01; two-tailed paired t-test. See 
also Fig. 2. 



 

 

 
 
Fig. S3. nSMase2 knockdown does not affect neural crest proliferation or survival. Gastrulating 
chick embryos were electroporated with a non-binding control morpholino (Control MO, left) and 
nSMase2-targeting morpholino (nSMase2 MO, right), and where subsequently immunostained for the 
neural crest marker Pax7 and the mitotic marker phospho-histone H3 (PH3, A), or for the apoptosis 
indicator, activated caspase 3 (cleaved Casp3, C) in section at the HH9+. Quantitation of PH3+ (n=27 
sections from 9 embryos, B) and Casp3+ (n=15 sections from 5 embryos, D) cells show no significant 
change between nSMase2 knockdown and the contralateral control. Displayed is the mean with error 
bars reflecting SEM. Scale bars represent 50 µm. ns, non-significant; two-tailed paired t-test. 



 

 

 
 
Fig. S4. nSMase2 knockdown disrupts activation of the EMT transcriptional program. 
Representative images of nSMase2 knockdown embryos co-electroporated with nls-eGFP to label 
transfected cells, followed by HCR analysis for expression of neural crest markers Msx1, Sox9, Snai2, 
and Cad6b at stage HH9-. Scale bars represent 100 µm. See quantitation in Fig. 3A. 



 

 

 
 
Fig. S5. nSMase2 catalytic activity is sufficient to induce endocytosis. A, Epithelial cells (U2OS) 

were transfected with GPI-eGFP to label the plasma membrane and the indicated overexpression 

constructs. After 24 hours, transfected cells were subjected the Transferrin-633-conjugate endocytosis 

assays, then fixed and visualized by confocal microscopy. B, Dot plot displaying the number of 

fluorescent Tf-633 puncta within individual transfected cells (n=50 RFP, 35 Dyn1(K44A), 29 nSMase2, 

and 36 nSMase2(N130A) cells). Overlayed bars display mean and 95% confidence intervals. ns not 

significant, **p<0.01, ****p<0.0001; one-way ANOVA (p<0.0001) with Dunnett’s multiple comparison 

analysis. White dotted lines indicate cell borders. 



 

 

Table S1. Key Resources 
 
REAGENT or RESOURCE SOURCE IDENTIFIER 
Antibodies 
Mouse monoclonal IgG1 anti-Pax7 Developmental 

Studies Hybridoma 
Bank (DSHB) 

Cat# PAX7; 
RRID:AB_528428 

Mouse monoclonal IgM anti-HNK-1 Developmental 
Studies Hybridoma 
Bank (DSHB) 

Cat# 3H5, 
RRID:AB_2314644 

Mouse monoclonal IgG1 anti-Cad6B Developmental 
Studies Hybridoma 
Bank (DSHB) 

Cat# CCD6B-1, 
RRID:AB_531766 

Rabbit monoclonal anti-Laminin (LAMA1) Sigma-Aldrich Cat# L9393, 
RRID:AB_477163 

Rabbit polyclonal anti-Sox9 Millipore Cat# AB5535, 
RRID:AB_2239761 

Mouse monoclonal IgG1 anti-FLAG (Clone M2) Sigma-Aldrich Cat# F1804, RRID: 
AB_262044 

Mouse monoclonal IgM anti-Ceramide (Clone MID 
15B4) 

Sigma-Aldrich Cat# C8104, 
RRID:AB_259087 

Rabbit polyclonal anti-phospho-Histone H3 (Ser10) Millipore Cat# 06-570, 
RRID:AB_310177 

Rabbit polyclonal anti-Caspase-3, activated form R & D Systems Cat# AF835, 
RRID:AB_2243952 

Rabbit monoclonal anti-Slug (Snai2, Clone C19G7)  Cell Signaling 
Technologies 

Cat# 9585, 
RRID:AB_2239535 

Goat polyclonal anti-GFP Rockland Cat# 600-101-215M, 
RRID:AB_2612804 

Rabbit polyclonal anti-RFP/DsRed MBL International Cat# PM005, 
RRID:AB_591279 

   
Chemicals, Peptides, and Recombinant Proteins 
Chemical: GW4869 Sigma-Aldrich Cat# D1692 
Peptide: Transferrin from Human Serum, Alexa Fluor 
633 Conjugate 

ThermoFisher 
Scientific 

Cat# T23362 

Dextran, Alexa Fluor 488; 3,000 MW, Anionic ThermoFisher 
Scientific 

Cat# D34682 

C12 Ceramide (d18:1/12:0) Avanti Polar Lipids Cat# 860512 
   
Deposited Data 
Bulk RNA-Seq: FACS-isolated chicken cells (neural 
crest at 5-6 somite stage, 8-10 somite stage, non-neural 
crest) 

(1) BioProject: 
PRJNA497574 

Bulk RNA-Seq: Dissected chicken somites (epithelial 
somite stage, maturing somite stage) 

(2) BioProject: 
PRJNA602335 

   
Experimental Models: Cell Lines 
Human: U2OS Cell Line  ATCC Cat# HTB-96, 

RRID:CVCL_0042 
   
Experimental Models: Organisms/Strains 
Fertilized chicken eggs Sunstate Ranch, 

Sylmar, CA 
 



 

 

Fertilized chicken eggs AA Laboratory Eggs, 
Westminster, CA 

 

   
Oligonucleotides 
Morpholino: Control MO 
CCTCTTACCTCAGTTACAATTTATA 

Gene Tools N/A 

Morpholino: nSMase2 MO 
GGTGTCACTGTGTCAAGCATCCATA 

Gene Tools N/A 

CRISPR/Cas9 gRNA Target: Control 
GCACTGCTACGATCTACACC 

(3) N/A 

CRISPR/Cas9 gRNA Target: SMPD3 
GCAATCTGCGCAGCCCGAGA 

This paper 
 

N/A 

Primer: nSMase2 FWD -76: 
CCTCAGTGTTGCTATGGATGC 

This paper N/A 

Primer: nSMase2 REV 894 T7: 
TAATACGACTCACTATAGGGAACTGCCAGAATCTCC
ATCC 

This paper N/A 

Primer: nSMase2 ATG XhoI: 
ATATCTCGAGGCCACCATGGTTTTATATACTTCCCC
AT 

This paper N/A 

Primer: nSMase2 stop ClaI: 
ATATATCGATTTAAGGATCATCTTCTCCTGTAG 

This paper N/A 

Primer: nSMase2 N130A REV: 
GCAGCAGGCAAACGGCGGCACTGCCAAAGC 

This paper N/A 

Primer: nSMase2 N130A FWD: 
GCTTTGGCAGTGCCGCCGTTTGCCTGCTGC 

This paper N/A 

Primer: nSMase2 2462 REV: 
CATGCTACTGATGCAAGCACG 

This paper N/A 

Primer: nSMase2 ATG SphI: 
TAGAGCATGCTATTATGCCACCATGGTTTTATATAC 

This paper N/A 

Primer: nSMase2 nostop ClaI: 
CTCCATCGATTCCTCCTCCAGGATCATCTTCTCCTG
TAGAC 

This paper N/A 

Primer: nSMase2 FLAG ClaI: 
GCTTATCGATTCACTTGTCGTCATCGTCTTTGTAGTC
GCCGGAGCCAGGATCATCTTCTCCTGTAG 

This paper N/A 

Primer: LRP6 Signal Peptide FWD: 
TTTGGCAAAGAATTGCTCGAGCCACCATGGGGGCC
GTCCTGAGGAG 

This paper N/A 

Primer: LRP6 Signal Peptide FLAG REV: 
GCAACAAAGGCTTGTCGTCATCGTCTTTGTAGTCCA
ACAAAGGGGCCGCTCTCA 

This paper N/A 

Primer: LRP6 FLAG FWD: 
GCAACAAAGGCTTGTCGTCATCGTCTTTGTAGTCCA
ACAAAGGGGCCGCTCTCA 

This paper N/A 

Primer: LRP6 REV:  
ATTCGATATCAAGCTTATCGTCAGGAGGAGTCTGTA
CAGG 

This paper N/A 

   
Recombinant DNA 
Plasmid: pCI::nSMase2 This paper N/A 
Plasmid: pCI::nSMase2-FLAG This paper N/A 
Plasmid: pCI::nSMase2(N130A) This paper N/A 
Plasmid: pCAG::nSMase2-RFP This paper N/A 
Plasmid: pCAG::2a-RFP (4) N/A 
Plasmid: pCI::H2B-RFP (5) N/A 



 

 

Plasmid: pCI::nls-GFP (6) N/A 
Plasmid: CMV::Dyn1(K44A)-mRFP (7) Addgene plasmid 

#55795 
Plasmid: pTK-FoxD3-NC1.1m3::GFP (8) N/A 
Plasmid: pTK-FoxD3-NC1.1m3::Dyn1(K44A)-mRFP This paper N/A 
Plasmid: pCAG::GPI-eGFP (9) Addgene plasmid 

#32601 
Plasmid: PM-eGFP (10) Addgene plasmid 

#21213 
Plasmid: pCAG::PM-eGFP This paper N/A 
Plasmid: TCF/Lef::GFP (11) Addgene plasmid 

#32610 
Plasmid: M38-TOP::d2EGFP Laboratory of Randall 

Moon 
Addgene plasmid 
#17114 

Plasmid: TCF/Lef::H2B-d2EGFP This paper N/A 
Plasmid: BRE::GFP (12) N/A 
Plasmid: BRE::H2B-d2EGFP (4) N/A 
Plasmid: CMV::VSVG-LRP6 (13) N/A 
Plasmid: pCI::FLAG-LRP6 This paper N/A 
Plasmid: pCAG::Cas9 (3) Addgene plasmid 

#99138 
Plasmid: U6.3::empty (3) Addgene plasmid 

#99139 
Plasmid: U6.3::Control gRNA (3) Addgene plasmid 

#99140 
Plasmid: U6.3::SMPD3 gRNA This paper N/A 
   
Software and Algorithms 
Fiji v1.53c (14) https://imagej.net/Fiji 
Bowtie2 v2.3.5.1 (15) http://bowtie-

bio.sourceforge.net/
bowtie2/index.shtml 

Cutadapt v2.10 (16) https://cutadapt.read
thedocs.io/en/stable/ 

FeatureCounts v2.0.1 (17) http://subread.sourc
eforge.net/ 

R v3.6.1 (18) https://www.r-
project.org/ 

RStudio v1.2.1335 (19) https://www.rstudio.c
om/ 

DESeq2 (20) https://bioconductor.
org/packages/releas
e/bioc/html/DESeq2.
html 

Python v3.7.6 (21) https://www.python.o
rg/downloads/releas
e/python-376/ 

Pandas v0.24.2 (22) https://pandas.pydat
a.org/ 

Bokeh v1.4.0 (23) https://docs.bokeh.or
g/en/latest/index.htm
l 

iqplot v0.1.6 (24) https://iqplot.github.i
o/index.html 

Scipy v1.5.2 (25) https://scipy.org/ 



 

 

Scikit_posthoc v0.6.5 (26) https://scikit-
posthocs.readthedoc
s.io/en/latest/ 

Numpy v1.19.2 (27) https://numpy.org/de
vdocs/index.html 

Seaborn v0.11.0 (28) https://seaborn.pydat
a.org/ 

Holoviews v1.13.3 (29) https://holoviews.org
/ 

GraphPad Prism 9 v9.2.0(283)  https://www.graphpa
d.com/ 
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