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Legends of supplementary figures 

Figure S1. Rat prtg is expressed in the E10.5 neural tube but not in the P1 brain. Total RNAs 

of rat E10.5 neural tubes and P1 whole brains were reverse transcribed and used as template 

for PCR. PCR products were collected at different cycles (Cy) in order to estimate amounts 

of RNA expression. Actin was used to demonstrate equal amount of cDNA loaded in each 

sample. 

 

Figure S2. Specificity of W4 antiserum and α-PRTG3 mAb. (A) Cell lysates of HEK293T 

cells transfected with the control vector or various PRTG constructs were subjected to 

Western analysis using rabbit W4 antiserum (W4). Tissue homogenate of rat E10.5 embryos 

(Embryo, equivalent to mouse E9 embryo) was also analyzed. The specificity of the 

antibodies was confirmed by adding peptide C (C). (B) Cell lysates of HEK293T cells 

transfected with the control vector or various PRTG constructs were subjected to Western 

analysis using α-PRTG3 mAb. W4 and α-PRTG3 antibodies recognize the PRTG 

cytoplasmic domain.  

 

Figure S3. Live HEK293T cells transfected with various constructs were stained with α-

PRTG1 mAb. α-PRTG1 mAb binds the ectodomain of PRTG that expresses on the cell 

surface (green). The cell nuclei were labeled with DAPI (blue). 

 

Figure S4. Expression of PRTG protein in the mouse embryo. (A-A’) Transverse sections 

through the thoracic level of mouse E8.25 embryo were double-labeled with α-PRTG2 (red) 

and Oct4 (green) antibodies. PRTG is detected ubiquitously, except for the primitive heart 

(ph), whereas Oct4 disappears at this stage. (B-E’) Expression of PRTG (red), and endoglin 

and αSMA (green) in transverse sections through the thoracic level of E8.25 (upper panel) 
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and E9.5 (lower panel) mouse embryos. PRTG protein was present in almost all cells but not 

in differentiating cardiac cells. The myocardium and endocardium were labelled with anti-

αSMA and anti-endoglin antibody, respectively. The nuclei were stained with DAPI (blue). 

ac, atrial chamber; vc, ventricular chamber; sc, spinal cord.  

 

Figure S5. Expression of PRTG and several neural markers in the mouse embryo. (A-E) 

Adjacent transverse sections through the mid-body level of mouse embryos at E9.5 (upper 

panel) and E10.5 (lower panel) were stained using mouse monoclonal antibodies against α-

PRTG2 mAb (red) and nestin (A), Ascl1 (B), TuJ1 (C), MAP2 (D) and NeuN (E) (green). 

Cell nuclei were visualized with DAPI (blue). The dorsal is up in all panels. These images are 

higher magnifications of one half of the neural tube shown in the Fig. 1J-N. There is an 

overlap between expression of PRTG with that of nestin, Ascl1, and Tuj1 in E9.5 mouse 

embryos.  

 

Figure S6. Expression of PRTG and Sox2 protein in the mouse embryo. (A-P) Transverse 

sections through the thoracic level of mouse E7.5-E10.5 embryo were double-labeled with α-

PRTG2 (red) and Sox2 (green) antibodies. PRTG is detected in neuroepithelium (E7.5) and 

neural tube (E8.25 and E9.5). Sox2 protein is present in neuroepithelium (E7.5), whole neural 

tube (E8.25 and E9.5) and ventricular zone (E10.5), but not detected in the ventral motor 

horns. The nuclei were stained with DAPI (blue). D, H, L and P are higher magnifications of 

the white boxes in A-B, E-F, I-J and M-N, respectively. 

 

Figure S7. Western blot analysis of PRTG and several marker proteins in P19 cells 

transfected with various constructs using the protocol outlined in Fig. 2D. (A) Overexpressed 

PRTG proteins (arrowheads) were detected by anti-myc antiserum. (B) Endogenous (arrows) 
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and overexpressed (arrowheads) PRTG proteins were detected by α-PRTG2 mAb. The 

knockdown effect of shPRTG(m) can be demonstrated by comparing lane 5 and lane 6. Note 

that there were many PRTG degraded products between MW 180 kD and 50 kD, which were 

also eliminated by shPRTG(m). Moreover, shPRTG(m) did not eliminate the 95-115 kD 

bands recognized by anti-myc antibody, suggesting that shPRTG(m) is specific to PRTG 

mRNA. (C) Expression of Ascl1, Oct4 and TuJ1 in transfected cells was analyzed. Equal 

amounts of cell lysates were loaded as shown by β-tubulin staining. The relative changes in 

protein levels from Western blots are shown in the bottom of each lane. 

 

Figure S8. Overexpression and knockdown of PRTG in the developing chick neural tube. (A) 

Cell lysates of HEK293T cells co-transfected with G. gallus PRTG and shPRTG(g) 

constructs were subjected to Western blot using anti-myc antibody. (B) Cell lysates of 

HEK293T cells transfected with the control vector or various G. gallus PRTG constructs 

were subjected to Western analysis using a mouse anti-gPRTGc antiserum. The specificity of 

the antibodies was confirmed by adding immunogen (gC). (C) The control vector (UI4) or the 

shPRTG(g) construct was electroporated into the right side (green) of the chick neural tube. 

One day after electroporation, the chick embryos were fixed and stained by the mouse anti-

gPRTGc antiserum. PRTG expression is reduced on the electroporated side compared to the 

control side. (D) Cell lysates of HEK293T cells transfected with the control vector (pCAG), 

myc-tagged chick PRTGf (pCAG-gPRTGf) or myc-tagged chick PRTGΔc (pCAG-gPRTGΔc) 

constructs were subjected to Western analysis. Overexpressed PRTG proteins (arrowheads) 

were detected by rabbit anti-myc antibodies. (E) G. gallus PRTG constructs were 

electroporated into the right side (GFP+) of chick neural tube at HH stage 9-10. Two days 

post-electroporation, the chick embryos were fixed and stained by anti-myc antibody (red) 

and DAPI (blue).  
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Figure S9. Knockdown of PRTG reduces neural progenitor cell number and promotes 

neuronal differentiation in the developing chick neural tube. (A-H) Chick shPRTG construct 

was electroporated into the right side (green) of chick neural tubes at HH stage 9-10. Two 

days post-electroporation, the chick embryos were fixed and stained with Sox2 (red) and 

HuC/D (blue) antibody. The nuclei were stained with DAPI (white). E-H show higher 

magnifications of the white dashed squares in A-D. The ectopic HuC/D+ cells in the medial 

region of the electroporated side lose expression of the neural progenitor cell marker, Sox2 

(arrows in E-H).  

 

Figure S10. PRTG represses precocious neuronal differentiation in the developing chick 

neural tube. (A-E’) Control plasmids (pCAG or UI4) or various chick PRTG constructs were 

electroporated into the right side (green) of chick neural tubes at HH stage 9-10. Two days 

post-electroporation, the chick embryos were fixed and stained with DAPI (blue) and NeuN 

antibody (red). A’-E’ show higher magnifications of the white boxes in A-E. Arrows indicate 

more NeuN+ cells on the electroporated side compared to the contralateral region. (F) 

Quantitative results of NeuN-positive cells on the electroporated side versus the control side. 

Results are normalized to the control vector (pCAG-EYFP or UI4-GFP) and are shown as the 

mean ± SEM from at least 3 embryos and at least five sections for each embryo (**, p < 0.01; 

***, p < 0.001; by student’s t-test). 

 

Figure S11. No change of the expression of cHes1 and cHes5 after overexpression and 

knock-down of PRTG or ERdj3 in the chick neural tube. (A, B) Various constructs were 

electroporated into the chick neural tubes at HH stage 9-10. One day post-electroporation, the 

chick embryos were fixed and processed for whole-mount in situ hybridization with chick 
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Hes1 (cHes1, A) and Hes5 (cHes5, B) as probes. Transverse sections through the thoracic 

level were then cut. The electroporated side (E) is on the right side of each panel. The left 

side of each is control (C).  

 

Figure S12. ERdj3 is a secreted protein. STO cells were transiently transfected with pERdj3-

Fc, pERdj3-myc or pEF1-eGFP(myc). Two days after transfection, conditioned medium 

(CM) and total cell lysate (TCL) were subjected to Western blotting using anti-myc or anti-

Fc antibody. β-Tubulin was used as a cytosolic protein marker. 

 

Figure S13. Whole-mount in situ hybridization analysis of ERdj3 in mouse E7-E10.5 

embryos, using antisense (AS) or sense (S) probes. ERdj3 mRNA is detected in whole 

embryos from E7 to E9.5, including cardiac regions where PRTG is not expressed. At E10.5, 

expression of ERdj3 in the neural tube is down-regulated, but still continues in the brachial 

arches (br), heart (he), posterior somites and limbs (li). Scale bar, 200 μm (A-C); 500 μm (D-

G). 

 

Figure S14. Verification of chick ERdj3 overexpression and knockdown constructs in 

HEK293T cells by Western blotting. (A) HEK293T cells were transfected with pgERdj3 in 

the presence or in the absence of shERdj3(g). The conditioned medium and total cell lysate 

were subjected to Western blotting using anti-myc antibody. β-Tubulin was used as a 

cytosolic marker. (B) HEK293T cells were transiently transfected with pCAG, pgERdj3 or 

pgERdj3-KDEL. One day after transfection, conditioned medium and total cell lysate were 

subjected to Western blotting using anti-myc antibody (left panel) and then reprobed with 

anti-β-tubulin antibody. β-Tubulin was used as a cytosolic protein marker. 
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Figure S15. ER-retained ERdj3 (ERdj3-KDEL) does not prevent neuronal differentiation in 

the chick neural tube. (A-I’) Indicated chick ERdj3 constructs were electroporated into the 

right side (green) of chick neural tubes at HH stage 9-10. Two days post-electroporation, the 

chick embryos were fixed and stained with DAPI (blue) and TuJ1 (A-B’, D-E’, G-H’, red) or 

HuC/D (C-C’, F-F’, I-I’, red) antibodies. White boxed regions in A, D and G are enlarged in 

B-B’, E-E’ and H-H’ respectively. Overexpression of ERdj3 leads to less TuJ1+ and HuC/D+ 

cells in the chick HH 17-20 embryo. Arrows point to cells that are YFP+ but TuJ1- in the 

lateral neural tube. Overexpression of ERdj3-KDEL has no effect on neurogenesis. (J, K) 

Quantitative results of relative fluorescence intensity of TuJ1 (J) and HuC/D (K) staining in 

the chick neural tube electroporated with indicated plasmids. Sections with high transfection 

efficiencies (> 80-90%) were used for quantifications. For TuJ1 and HuC/D quantification, 

the sum of the fluorescence intensity in the electroporated side was divided by that in the 

corresponding region of the contralateral side. Data are shown as the mean ± SEM and 

analyzed by one-way ANOVA and post hoc Tukey test (*, p < 0.005).  
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Table S1. Primers used for plasmid construction and PCR genotyping. 

Plasmid (Abbreviation) Primers (Forward and Reverse)
   
pEF1A pEF1A  
pEF1-ERdj3 pERdj3 (F) 5'-GCAAGGATCCGCTGAGAGGGTAGGACCAGG-3’ (BamHI) 
  (R) 5'-GCAAGAATTCATAGCCCTGCAGCCCGTT-3’ (EcoRI) 
pEF1-ERdj3-Fc pERdj3-Fc (F) 5'-GCAAGGATCCGCTGAGAGGGTAGGACCAGG-3’ (BamHI) 
  (R) 5'-GCAAGCGGCCGCAATAGCCCTGCAGCCCGTT-3' (NotI) 
pEF1-mPRTGc pmPRTGc (F) 5'-GCAAGAATTCGCCGAGGGTTTTCCGGTC-3' (EcoRI)
  (R) 5'-GCAAGCGGCCGCCAGCGGGTTTAAACTCAATG-3' (NotI) 
pEF1-mPRTGet pmPRTGet (F) 5'-GCAAAGCGGCCGCGCGAACAGCCCGGGAGCATG-3' (NotI) 
  (R) 5'-GCAATCTAGAGCTTCGGTAGATCAAGATGAG-3' (XbaI) 
pEF1-mPRTGf pmPRTGf (F) 5'-GCAAAGCGGCCGCGCGAACAGCCCGGGAGCATG-3' (NotI) 
  (R) 5'-GCAAGCGGCCGCCAGCGGGTTTAAACTCAATG-3' (NotI) 
pEF1-PRTGe-Fc pPRTGe-Fc (F) 5'-GCAAGGTACCATGGCGCCTCCCGTGCGC-3' (KpnI)
  (R) 5'-GCAAGCGGCCGCCCGTCATTGACTTTTG-3' (NotI)
pEF1-rPRTGc prPRTGc (F) 5’-GCAAACTAGTCATGGCCAGGAAGTCATCCGCCTCTAAG-3’ (SpeI) 
  (R) 5’-GCAAGCGGCCGCGACGGGAACACTCTCGGC-3’ (NotI) 
pEF1-rPRTGet prPRTGet (F) 5’-GCAAGCGGCCGCCATGGCGCCTCCCGTGCGC-3’ (NotI) 
  (R) 5’-GCAAGCGGCCGCTAGTAATCTGGAACATCGTATGGGTACTTCCTGGCTTTG 

CTTCG-3’ (NotI) 
pEF1-rPRTGf prPRTGf (F) 5’-GCAAGCGGCCGCCATGGCGCCTCCCGTGCGC-3’ (NotI) 
  (R) 5’-GCAAGCGGCCGCGACGGGAACACTCTCGGC-3’ (NotI) 
pEF1-sFc psFc (F) 5’-GCAAGCGGCCGCGCAGAGCCCAAATCTTGTGAC-3’ (NotI) 
  (R) 5’-GCAATCTAGACTATTTACCCGGAGACAGGG-3’ (XbaI) 
   
pBTM116   
pBTM116-rPRTGe  (F) 5’-GCAAGTCGACAGGACGCAACGGTCACA-3’ (Sal I)
  (R) 5’-GCAAGTCGACCTAGCCTGAATAAACTTTGGC-3’ (Sal I) 
   
pCAG-EYFP-CAG pCAG  
pCAG-gERdj3 pgERdj3 (F) 5'-GCAAGAATTCCCATGGCCCCCGGCTGGCTC-3' (EcoRI) 
  (R) 5'-GCAAGAATTCTCACAGATCCTCTTCTGAGATGAGTTTTTGTTCATAGCCCT 

GCAGCCCGTTGTA-3' (EcoRI) 
pCAG-gERdj3-
KDEL 

pgERdj3-KDEL (F) 5'-GCAAGAATTCCCATGGCCCCCGGCTGGCTC-3' (EcoRI) 

  (R) 5’-GCAAGAATTCTCACAACTCGTCCTTCAGATCCTCTTCTGAGATGAG-3’ 
(EcoR I)  

pCAG-gPRTGet pgPRTGet (F) 5'-GCAAGATATCCTCGAGATGCGCAGTAAAGCCAGGAAAAC-3' (EcoRV) 
  (R) 5'-GCAACTCGAGTCACAGATCCTCTTCTGAGATGAGTTTTTGTTCGTTTTGCA 

CTGCAGAGTGTA-3' (XhoI) 
pCAG-gPRTGf pgPRTGf (F) 5'-GCAAGATATCCTCGAGATGCGCAGTAAAGCCAGGAAAAC-3' (EcoRV) 
  (R) 5'-GCAACTCGAGTCACAGATCCTCTTCTGAGATGAGTTTTTGTTCGCGATAAA 

TTAAGATCAGG-3' (XhoI) 
   
UI4_puro_SIBR UI4  
UI4_shPRTG(m) shPRTG(m) (F1) 5'-GCTGTATAGTTGCTGTCGGGTTCTAATTTTGGCCTCTGACTGATTAGAACT 

GTAGCAACTATAC-3' (AY630257) # 
  (R1) 5'-TCCTGTATAGTTGCTACAGTTCTAATCAGTCAGAGGCCAAAATTAGAACC 

CGACAGCAACTATA-3' (AY630257) # 
  (F2) 5'-GCTGTCATCAATGATGTAATGAGTCGTTTTGGCCTCTGACTGACGACTCTT 

GATCATTGATGAC-3' (AY630257) # 
  (R2) 5'-TCCTGTCATCAATGATCAAGAGTCGTCAGTCAGAGGCCAAAACGACTCAT 

TACATCATTGATGA-3' (AY630257) # 
  (F3) 5'-GCTGTAAAGCTCCACACTCCTGGAACTTTTGGCCTCTGACTGAGTTCCAG 

AGGTGGAGCTTTAC-3' (AY630257) # 
  (R3) 5'-TCCTGTAAAGCTCCACCTCTGGAACTCAGTCAGAGGCCAAAAGTTCCAGG 

AGTGTGGAGCTTTA-3' (AY630257) # 
UI4_shPRTG(323) shPRTG(323) (F) 5'-GCTGTAAAGCTCCACACTCCTGGAACTTTTGGCCTCTGACTGAGTTCCAG 

AGGTGGAGCTTTAC-3' (AY630257) # 
  (R) 5'-TCCTGTAAAGCTCCACCTCTGGAACTCAGTCAGAGGCCAAAAGTTCCAGG 

AGTGTGGAGCTTTA-3' (AY630257) # 
UI4_shPRTG(1659) shPRTG(1659) (F) 5'-GCTGTCATCAATGATGTAATGAGTCGTTTTGGCCTCTGACTGACGACTCTT 

GATCATTGATGAC-3' (AY630257) # 
  (R) 5'-TCCTGTCATCAATGATCAAGAGTCGTCAGTCAGAGGCCAAAACGACTCAT 

TACATCATTGATGA-3' (AY630257) # 
   
UI4_GFP_SIBR UI4  
UI4_shPRTG(g) shPRTG(g) (F) 5'-GCTGTAAAGCTCCACACTCCTGGAACTTTTGGCCTCTGACTGAGTTCCAGA 

GGTGGAGCTTTAC-3' (AY630257) # 
  (R) 5'-TCCTGTAAAGCTCCACCTCTGGAACTCAGTCAGAGGCCAAAAGTTCCAGG 
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AGTGTGGAGCTTTA-3' (AY630257) # 
UI4_shERdj3(g) shERdj3(g) (F) 5'-GCTGTTCAACAGCTGTTTGAGACCTTTTTTGGCCTCTGACTGAAAGGTCTA 

ATAGCTGTTGAAC-3' (XM_422682) # 
  (R) 5'-TCCTGTTCAACAGCTATTAGACCTTTCAGTCAGAGGCCAAAAAAGGTCTCA 

AACAGCTGTTGAA-3' (XM_422682) # 
UI4_shERdj3(799) shERdj3(799) (F) 5’-GCTGTATACAAGTCATCTCCTCTTCTTTTTGGCCTCTGACTGAAGAAGAGG 

GTGATTTGTATAC-3’ (XM_422682) # 
  (R) 5’-TCCTGTATACAAATCTCCCTCTTCTTCAGTCAGAGGCCAAAAAGAAGAGG 

AGATGACTTGTATA-3’ (XM_422682) # 
UI4_shS shS (F) 5’-GCTGTTACATAATCCTCCACACTTTTTTTTGGCCTCTGACTGAAGAAGTTGA 

GGATTATGTAAC-3’ 
  (R) 5’-TCCTGTTACATAATCCTCAACTTCTTCAGTCAGAGGCCAAAAAAAAGTGTG 

GAGGATTATGTAA-3’ 
# Accession number of the reference sequence 

 


