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Reagents. Unless otherwise stated all reagents were purchased from Sigma-Aldrich (St. 

Louis, MO). SDS-polyacrylamide gels were obtained from Invitrogen (Carlsbad, CA).  γ-

Secretase Inhibitor X was obtained from Calbiochem (San Diego, CA).  Rabbit Activated 

Notch1 antibody (ab8925) was purchased from Abcam (Cambridge, UK).  The Myc-tag 

(#9311) antibody was from New England Biolabs (Beverly, MA).  β3 integrin (#611140), 

E-Cadherin (#610182), N-Cadherin (#610920), and MCAM (#611209) antibodies were 

from BD Pharmingen (San Diego, CA).  Anti-β-actin (AC-15) was purchased from 

Sigma.  Anti-NOTCH1 (a-925) antibody Notch1 (a rabbit polyclonal antiserum directly 

against residues 1759–2095) was kindly provided by A. Capobianco.  Texas Red 

phalloidin, Alexa 488 anti-rabbit and anti-mouse secondary antibodies, and Alexa 594 

anti-mouse and anti-rabbit secondary antibodies were from Molecular Probes (Eugene, 

OR). Texas Red-conjugated anti-mouse secondary antibody was from Vector 

Laboratories (Burlingame, CA). Isotype controls were purchased from DAKO 

Cytomation.  

Cell Culture.  Normal human primary melanocytes were isolated from human epidermal 

foreskin and cultured as previously described (34).  All human melanoma cells lines were 

isolated and cultured as described elsewhere (34).   

RNA Extraction and Reverse Transcriptase (RT)-Polymerase Chain Reaction (PCR).  

RT-PCR analyses were carried out as described previously (34).  The primer pair for 

HEY1 was designed from human cDNA sequences available in GenBank and 

synthesized by Invitrogen: HEY1: forward 5’-AATGCCTGCCAGAAGTTGC-3’ and 



reverse 5’-GTCTATAGGGCTTGCCAAG-3’.  The housekeeping gene, GAPDH, 

(forward: 5’-CCACCCATGGCAAATTCCATGGCA-3’; reverse: 5’-

TCTAGACGGCAGGTCAGGTCCACC-3’) was used as a positive control and with total 

RNA as a negative control.  For quantitative RT-PCR, primers were designed using 

PrimerExpress
TM 

(Applied Biosystems) software as follows: HEY1: 5’-

AGCCGAGATCCTGCAGATGA-3’ and 5’-GCCGTATGCAGCATTTTCAG-3’; HEY2: 

5’-AGATGCTTCAGGCAACAGGG-3’ and 5’-CAAGAGCGTGTGCGTCAAAG-3’; 

HES1: 5’-GTGCATGAACGAGGTGACCC-3’ and 5’-GTATTAACGCCCTCGCACGT-

3’; and β-actin: 5’- CCTCACCCTGAAGTACCCCA-3’ and   5’- 

TCGTCCCAGTTGGTGACGAT-3’.  

Real-time RT-PCR analysis of Notch receptor expression. One μg of total RNA was used 

to generate cDNA using the Taqman Reverse Transcription Kit (PE Applied Biosystems, 

Foster City, CA). The SYBR Green I assay and the GeneAmp 5700 Sequence Detection 

System (PE Applied Biosystems, Foster City, CA) were used for detecting real-time PCR 

products. The primers for Notch 1 (Forward- 5’ TGGACGACAACCAGAATGAG 3’; 

Reverse- 5’ CATCCAGGTGCTGCTGAGT 3’), Notch2 (Forward-5’ 

GACACCTCTGTTTCTTGCTGCC 3’; Reverse-5’ 

GCTTGGGGTCACATTGTATTCATC 3’) and Notch4 (Forward -5’ 

GCGATAATGCGAGGAAGATACG 3’; Reverse- 5’ 

TCGGAATGTTGGAGGCAGAAC 3’) were designed to cross intron-exon boundaries to 

distinguish PCR products generated from genomic versus cDNA template. All 

experiments were optimized such that CT values from duplicate reactions did not span 

more than one cycle number. The comparative CT method (PE Applied Biosystems) was 



used to determine relative quantitation of gene expression for each gene compared with 

the 18S control and averaged for each duplicate. The relative difference between 18S and 

each duplicate was then calculated (2-Δ
1

Δ
2

CT , where Δ1 = CT 18S, and Δ2 =CT Notch2). 

This value was then averaged for each duplicate set and divided by the value for HEMN, 

a representative melanocyte cell line, to determine the relative fold induction for each 

sample relative to these cells. 

Sequencing of Notch1 Heterodimerization, Transcriptional Activation and PEST 

Domains.  All PCRs were performed as described elsewhere (35).  Amplifications were 

done using a PTC-225 thermal cycler (MJ Research) with an initial “hot-start” 

denaturation at 95°C for 2 min.  Cycling parameters consisted of the following:  

denaturation at 95°C for 30s, annealing at 58°C (HD-N1/HD-N2), 62°C (HD-C/PEST2) 

or 64°C (PEST1), elongation at 72°C for 30s and after 30 (nested PCR) or 40 (non-nested 

PCR) cycles, a final incubation step at 72°C for 10 minutes.  Primer sequences were as 

published by Weng et al. (35).  

 HD-N1 and HD-N2 domains (exon 26): A nested PCR strategy was done with 1M 

Betaine included in both rounds. The first round of PCR utilized primers HD-N1FW1 (or 

HD-N2FW1) and HD-N1RV1 (or HD-N2RV1) with 40ng DNA, TA = 58°C, and 30 

cycles. Round 2 used 1μl of the first round PCR product, primers HD-N1FW2 (or HD-

N2FW1) and HD-N1RV2 (or HD-N2RV2), TA = 58°C, and 30 cycles. 

 Samples were analyzed by agarose gel electrophoresis for presence of correct size 

and specific product followed by PCR purification and DNA sequencing (TGen DNA 

Sequencing Facility).  PCR reactions were purified after thermocycling using solid phase 



reversible immobilization (SPRI)-based technology (AMPure®; Agencourt Biosciences 

Corp., Beverly, MA).  PCR products were eluted and sequenced as follows: 3μl 

(approximately 25ng) of purified PCR product was mixed with 6μl reaction containing 

0.33μl BigDye Terminator v3.1 premix, 3.2 pmol of PCR specific primers, and 1.03μl 

5X BigDye sequencing buffer.  Cycle-sequencing was performed for 35 cycles following 

the manufacturer’s recommendations on GeneAmp 9700 PCR machines (Applied 

Biosystems, Foster City, CA). Sequencing reactions were purified using CleanSEQ® 

(Agencourt Biosciences Corp., Beverly, MA) and analyzed on 3730xl DNA 

instrumentation (Applied Biosystems, Foster City, CA). Sequencing data was analyzed 

using Sequencher software (Gene Codes Corporation). 

Microarray-based gene expression analysis.  10 μg of total high-quality RNA was 

transcribed, labeled and U133A chips were hybridized and scanned according to the 

standard protocol recommended by Affymetrix (Santa Clara, California).  Data was 

extracted and signal scaled to the arbitrary average intensity value of 150 using MAS 5.0 

(MicroArray Suite, Affymetrix). The data was further culled using GeneSpring 6.1.1 

(Agilent Technologies) to remove probe sets absent in all samples and/or expressing an 

average value of 100 or less. GeneSpring was then used perform fold-change restriction 

analyses on the filtered lists. 

Immunoblotting.  Standard western blotting procedures were performed, as previously 

described (34). 

Immunohistochemistry.  Paraffin-embedded, formalin fixed tissue sections were subjected 

to staining procedures, as described elsewhere (36).  



Cell growth assays.  Cell proliferation was measured by either cell counting or MTT 

assays, as described previously (34).    

Cell adhesion assay.  1 x 105 cells were plated in quadruplicate in uncoated 96-well plates 

and incubated at 37°C.  At t=30, 60 and 120 minutes, the wells were washed 3 times with 

PBS and fixed/stained for 15 minutes at room temperature in 0.5% crystal violet in 20% 

methanol/PBS.  Photographs were taken of each well.  For quantification of adhesive 

cells, the absorbance at 570 nm was measured.   

Boyden Chamber migration assay.  Invasion assays were performed using a transwell 

chamber with polycarbonate filter-inserts, for 24-well plates, containing 8-µm pores 

(Costar). Filters were coated on ice with 80 µl of growth factor reduced Matrigel (BD 

Biosciences) diluted 1:6 in cold PBS.  5.0 x 104 cells were plated in 200 µl of 20% 

melanocyte medium into the upper chamber containing matrigel. The lower chamber was 

filled with 300 µl complete melanocyte medium. After 24 hr in culture, cells were fixed 

with 10% Formalin in PBS. Cells on the upper side of the filter as well as the matrigel 

ECM were removed, and the cells found on the lower side of the filter were stained with 

DAPI and counted by microscopic inspection. Six visual  fields, 1 mm2 each, were 

counted per experiment. 

Colony-formation assay.  Colony formation in soft agar was conducted, as described 

previously (34). 



Recombinant lentiviruses.  Lentiviral vectors were constructed for gene transfer, viral 

particles were produced, and cell infections were performed, as previously described 

(34).  

Immunofluorescence Microscopy.  Primary human melanocytes were seeded onto glass 

coverslips in 12-well plates and incubated overnight. Cells were then fixed in 4% 

formaldehyde solution (Electron Microscopy Systems, Hatfield, PA) for 15 minutes at 

room temperature and permeabilized with Triton X-100 (0.2% v/v) before being blocked 

in phosphate-buffered saline (PBS) containing 1% bovine serum albumin. Primary 

antibody incubations were performed at 37°C in a humidified atmosphere for 1 hour. 

Coverslips were then washed three times in PBS, before being incubated with secondary 

antibodies for 1 hour under similar conditions to the primary antibody (dilution factor of 

1:250). Coverslips were then further washed in PBS and subsequently treated with 

VectorShield anti-fade (Vector Laboratories) and analyzed using immunofluorescence 

microscopy. 

Chromatin Immunoprecipitation (ChIP) assay.  ChIP was performed using ChIP assay 

kits (Upstate Biotechnology) following the manufacturer’s recommendations.  

Quantitative PCR (qPCR) was performed using the SYBR Green system on the ABI 

7900HT Sequence Detection System (Applied Biosystems) with the following Notch-

target primers: (1) hes1 promoter forward, 5'-CGTGTCT CTTCCTCCCATTG-3'; (2) 

hes1 promoter reverse, 5'-CCAGGACCAAGGAGAGAGGT-3'.  (3) -477 MCAM 

forward : 5'-CTGGCGCAGGGTTCTTCT-3', (4) -477 MCAM reverse : 5'-

CCTCCCTTGCCACAGAGAAT-3', (5) -1537 MCAM forward : 5'-



GCCAGAGAGGCGAATGATTA-3', (6) -1537 MCAM reverse : 5'-

CAGGCCCAGAGCTGACTAGA-3', (7) -3.5K MCAM forward : 5'-

AAGAGGCCAGCAGCTCTCAG-3', and (8) -3.5K MCAM reverse : 5'-

GGCCCACCCTCACAAAGA-3'.  The relative DNA amount was calculated using the 

standard curve method as described in the ABI 7900HT Sequence Detection System 

manual. The input DNA was defined as an aliquot of sheared chromatin prior to 

immunoprecipitation, and was used to normalize the sample to the amount of chromatin 

added to each ChIP. 

Statistical Analyses.  All experiments were done in triplicate.  Data are presented as mean 

± SD and were analyzed by 2-tailed Student’s t test. A P value of less than 0.05 was 

considered significant. 

 


