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SUPPLEMENTAL EXPERIMENTAL PRODEDURES

DNA constructs and reagents

Mouse Lhx3, Ngn2 wild-type and Ngn2-AQ mutant (Ngn2-NR123,124AQ), CBP; human 

RARα aa 1-432), RARαAF2 (aa 1-374), RARαDBDmt (point mutant C58A), RARαDBDmtAF2

(C58A within aa 1-374), RARβ, RARγ and p300; rat Isl1 and nuclear LacZ were cloned into 

pCS2 and/or pcDNA3 (Invitrogen) containing a hemaglutinin (HA)-, myc- or flag-epitope tag. 

Luciferase reporter constructs MNe:LUC and E-box:LUC; mammalian expression vectors 

Ngn2-ires-GFP, E1A and E1AΔN have been described previously (Lee et al., 2001; Lee et al., 

2004; Lee et al., 2005; Lee and Pfaff, 2003). DD-Isl1-Lhx3 is a triple fusion of the dimerization 

domain of NLI with the C-terminal ends of Isl1 and Lhx3 (Thaler et al., 2002). si-CBP duplex 

RNA (Santa cruz, sc-29243) and scrambled duplex RNA (Santa cruz, sc-44230) were used to 

knock-down CBP.

Antibodies 

The following antibodies were used for immunohistochemistry, immunoprecipitation, and 

immunoblotting assays: rabbit anti-Hb9 (Thaler et al., 1999), goat anti-VAChT (Chemicon), 

guinea pig anti-Isl2 (Thaler et al., 2004), guinea pig anti-Chx10, rabbit anti-Lhx3, rabbit anti-

Isl1 (Tsuchida et al., 1994), goat anti-Sox2 (Santa cruz, sc-17320), rabbit anti-neurofilament 

(Cappel), rabbit anti-Krox20 (Covance), rabbit anti-CBP (Santa-cruz, sc-369), rabbit anti-p300 

(Santa-cruz, sc-584), mouse anti-HA (BabCo), mouse anti-Flag (Sigma), rabbit anti-RAR 

(Santa-cruz, sc-551), mouse anti-TuJ1 (Babco), mouse anti-histone3-lysine-4-trimethylation 

(abcam, ab8580-100), mouse anti-histone3-lysine-9-dimethylation (Upstate, 07-441), mouse 

anti-acetylated histone3/4 (Upstate, 06-599, 06-866), rat anti-BrdU (abcam, ab6326-250), 

rabbit anti-Olig2 (Novitch et al., 2001), mouse anti-Nkx6.1 (DSHB, F55A10) and mouse/rabbit 

IgG (Santa Cruz).

Supplemental Methods
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Transfections, luciferase assays, and P19 cell differentiation assays

P19 embryonic carcinoma cells were cultured in α-minimal essential media supplemented 

with 2.5% fetal bovine serum and 7.5% bovine calf serum. For luciferase assays, cells were 

seeded and incubated for 24 hr, and transient transfections were performed using 

Lipofectamine 2000 (Invitrogen). An actin promoter--galactosidase plasmid was 

cotransfected for normalization of transfection efficiency, and empty vectors were used to 

equalize the total amount of DNA. Cells were harvested 36-40 hr after transfection. 100 nM 

all-trans-retinoic acid (Sigma) or vehicle was treated for 16 hr prior to harvest. Cell extracts 

were assayed for luciferase activity and the values were normalized with -galactosidase 

activity. Data are represented as means of triplicate values obtained from represented 

experiments. Histograms show mean normalized luciferase units and error bars represent 

standard deviation. All transfections were repeated independently at least four times. 

For P19 cell differentiation assays, P19 cells were transfected using Lipofectamine 

2000 (Invitrogen) and analyzed three days post-transfection by quantitative RT-PCR or 

immunohistochemistry. 0.5-1 µM all-trans-retinoic acid (Sigma) or vehicle was treated for 

48hr prior to cell harvest. Total RNA was extracted with mini-kit (QIAGEN) and reverse 

transcription (RT) was performed using Superscript III (Invitrogen). The levels of mRNA were 

determined using quantitative RT-PCR (Mx3000P, Stratagene).  

Following primers were used for RT-PCR: Hb9 gene forward, 5’-CCA AGA TGC CGG 

ACT TCA G, reverse, 5’-TGC TGC GTT TCC ATT TCA TTC; Neurofilament M gene forward, 

5’-CGA GAT GGT GAA CCA CGA GAA G, reverse, 5’-GTT CTG GTC TGA GTG ACA CTC 

G; NeuroD gene forward, 5’-CTT GAA GCC ATG AAT GCA GAG G, reverse,5’-AGA GCG 

TCT GTA CGA AGG AGA C

In ovo electroporation and quantification of fluorescence intensity 

In ovo electroporation were performed as described (Thaler et al., 1999). Briefly, plasmid 

DNA was injected into the lumen of the neural tube of HH stage 13 chick embryos which 
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were then electroporated. The embryos were harvested at HH stage 20-26, fixed in 4% 

paraformaldehyde, embedded in OCT and cryosectioned at 12-18 μm. Co-electroporation of 

three plasmids typically resulted in greater than 90% of cells coexpressing both plasmids. 

More than 15 embryos were analyzed for each electroporation experiments and over 90% of 

embryos produced the identical/similar results along the rostral-caudal spinal cord. The pixel 

intensity of GFP and TuJ fluorescence in unsaturated images was determined using 

Axiovision software (Zeiss). The average pixel intensity from six readings was read across 

medial to lateral neural tube. Error bars indicate the standard deviations.

Immunohistochemistry

Immunohistochemistry was performed as described previously (Thaler et al., 1999). For 

neuromuscular junction visualization, diaphragm was dissected from heavily fixed E17.5 

embryos and incubated with rabbit anti-neurofilament (Cappel), and FITC–conjugated α-

bungarotoxin (α-BTX) (Molecular Probes), overnight at 4°C, as described previously (Thaler 

et al., 1999).

Co-immnoprecipitation (CoIP) assays

CoIP was performed as described previously (Joshi et al.) in P19 mouse carcinoma cells or 

human embryonic kidney 293 cells. Briefly, cells were harvested in lysis buffer (20mM Tris-

HCl, pH8.0, 0.5% NP-40 and protease inhibitors) and incubated with antibodies overnight at 

4ºC. 20ul of Protein A/G-Sepharose was then added to the lysates and incubated at 4ºC for 

2hr. Beads were then washed with lysis buffer and the complexes were evaluated by western 

blotting. 100-200 nM all-trans-retinoic acid (Sigma) or vehicle was treated for 1-2 hr prior to 

cell harvest.

Chromatin immunoprecipitation (ChIP) assays 

ChIP was performed as described previously (Joshi et al., 2009; Lee and Pfaff, 2003) in P19 
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cells or mouse embryonic spinal cord cells. P19 cells were transfected using Lipofectamine 

2000 (Invitrogen) and analyzed two days post-transfection. 100 nM all-trans-retinoic acid 

(Sigma) or vehicle was treated for 2 hr prior to cell harvest. The spinal cords were micro-

dissected from E12.5 mouse embryos and cells were dissociated and subject to ChIP assays. 

Following primers were used for ChIP: MNe in the mouse Hb9 gene forward, 5’-GCA ACA 

CTT CCA GGC TCA GCC AG, reverse, 5’-CTG TTC TTG CAG ACT AGC AGG; -RARE in 

the mouse RAR2 gene forward, 5’-CTG CTG GGA GTT TTT AAG C, reverse, 5’-GGC AAA 

GAA TAG ACC CTC C.
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