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Product Manual 

USE FOR RESEARCH PURPOSES ONLY 

Unless otherwise specified expressly on the packaging, all 
products sold hereunder are intended for and may be used for 
research purposes only and may not be used for food, drug, 
cosmetic or household use or for the diagnosis or treatment of 
human beings. Purchase does not include any right or license to 
use, develop or otherwise exploit these products commercially. 
Any commercial use, development or exploitation of these 
products or development using these products without the express 
written authorization of Enzo Life Sciences, Inc. is strictly 
prohibited. Buyer assumes all risk and liability for the use and/or 
results obtained by the use of the products covered by this invoice 
whether used singularly or in combination with other products.  

 

LIMITED WARRANTY; DISCLAIMER OF WARRANTIES 

These products are offered under a limited warranty. The products 
are guaranteed to meet all appropriate specifications described in 
the package insert at the time of shipment. Enzo Life Sciences’ 
sole obligation is to replace the product to the extent of the 
purchasing price. All claims must be made to Enzo Life Sciences, 
Inc., within five (5) days of receipt of order. THIS WARRANTY IS 
EXPRESSLY IN LIEU OF ANY OTHER WARRANTIES OR 
LIABILITIES, EXPRESS OR IMPLIED, INCLUDING 
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE, AND NON- INFRINGEMENT OF THE 
PATENT OR OTHER INTELLECTUAL PROPERTY RIGHTS OF 
OTHERS, AND ALL SUCH WARRANTIES (AND ANY OTHER 
WARRANTIES IMPLIED BY LAW) ARE EXPRESSLY 
DISCLAIMED.  

 

TRADEMARKS AND PATENTS 

Several Enzo Life Sciences products and product applications are 
covered by US and foreign patents and patents pending. Enzo is a 
trademark of Enzo Life Sciences, Inc. 

 

FOR RESEARCH USE ONLY. 
NOT FOR USE IN DIAGNOSTIC PROCEDURES. 
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INTRODUCTION 

Pluripotency refers to the potential of a stem cell to differentiate into 
any of the three germ layers; endoderm, mesoderm or ectoderm1. 
Pluripotent cells have epigenetic signatures that reflect their ability to 
generate multiple cell types.2 Different methylation patterns in gene 
regions vary between pluripotent and differentiated cells as a result 
of processes such as development, carcinogenesis, genomic 
imprinting disorders, and cell reprogramming.3,4,5 In human 
pluripotent cells, gene promoter regions in the RAB25, NANOG, and 
PTPN6 genes have been shown to maintain low levels of DNA 
methylation compared to differentiated cell types.3,6 Conversely, 
gene promoter regions of MGMT, GBP3, and LYST have been 
shown to maintain high levels of methylation in pluripotent cells 
compared to differentiated cell types.3,4  

The BioPannel™ Methylation Detection Kit for Pluroripotent 
Human Stems Cells provides a simple and bisulfite-free procedure 
for rapid, DNA methylation assessment of: RAB25, NANOG, PTPN6, 
MGMT, GBP3, and LYST in any cell type. The reagents in the plate 
(compatible with CFX Touch™ RT PCR) are already premixed and 
optimized for robust amplification and detection.  Simply add DNA 
into the appropriate well and then quantitate via real-time PCR.  

ASSAY PRINCIPLE  

The The BioPannel™ Methylation Detection Kit for Pluroripotent 
Human Stems Cells can be used to calculate the region-specific 
DNA methylation percentage via the selective amplification of 
methylated cytosines in CpG dinucleotide context.  This is 
accomplished by splitting any DNA to be tested into two parts: an 
“Experiment Reaction” and a “Reference Reaction” (Details 
provided in Methods Section).  DNA in the Experiment Reaction is 
digested with Methylation Sensitive Restriction Enzymes (MSREs) 
while DNA in the Reference Reaction is not.  The DNA from both 
samples is then amplified using real-time PCR in the presence of a 
PCR fluorescent nucleotide dye (Ex/Em ~465nm/510nm) and then 
quantitated.  Cycle threshold (Ct) values for Experiment and 
Reference DNA samples will vary depending on methylation status, 
with large Ct differences most characteristic of non-methylated DNA. 
For overall procedure, please the Methods Section of the manual. 
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The BioPanel® Methylation Detection Kit for Human Pluripotent 
Stem Cells can be applied to a variety of applications including: 
screening for potential epigenetic biomarkers “epimarkers” in 
multiple samples, indication of pluripotency in stem cell populations, 
basic research and profiling, investigating environmental and dietary 
effects, and much more.  

 

MATERIALS SUPPLIED 

*All kits are included with a BioPanel® Plate Sealer 

 

STORAGE 

Store reagents at -20°C 

 

STABILITY 

6 months upon receipt 

  

Reagent Kit Part# Storage 
Conditions 

Format 

BioPanel® 

Plate for  Light Cycler™ 

 

 ENZ-45007-0001   -20°C  96-well 
plate 

 

BioPanel® 

Plate for  CFX Touch™ 

 ENZ-45008-0001 -20°C 96-well 
plate 

BioPanel®  

Plate for 7500 or 7900  

 

 ENZ-45009-0001 -20°C 96-well 
plate 
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OTHER MATERIALS NEEDED 

1. RT PCR Instrumentation (Compatible to plate purchased) 

2. Calibrated pipette 

3. Countertop centrifuge 

4. -20°C freezer 

5. PCR Fluorescent dye (Optional if using different) 

6. UV spectrometer  

PRECAUTIONS 

1. Wear appropriate personal protective apparel.  Avoid contact 
with clothes and exposed skin.  In case of accidental skin 
exposure, flush with water immediately.   

2. Interpretation of the results is the sole responsibility of the 
user. 

REAGENT PREPARATION AND CONSIDERATIONS 

Quality of the DNA  

Input DNA processed with the BioPanel® Methylation Detection Kit 
for Human Pluripotent Stem Cells procedure should be high 
quality for use in restriction enzyme (i.e., MSRE) digestion. If input 
sample purity is in question, we strongly recommend cleaning up 
your Genomic DNA. For FFPE samples, we recommend cleaning up 
the DNA as well. 

Input DNA and Reaction Volume  

Each reaction mixture for the BioPanel® Methylation Detection Kit 
for Human Pluripotent Stem Cells is optimized for 20ng input 
DNA.  For each sample, 5µl DNA (4ng/µl) should be added to bring 
the final reaction volume to 20µl (i.e., 1ng/µl final concentration).  
Input DNA should be diluted in water or TE containing (10mM Tris 
pH 8.0-8.5, 0.1mM EDTA). 

Duplicate Sampling 

Precise Ct value determination is critical for accurate quantification 
of DNA methylation by real-time PCR using the BioPanel® 

Methylation Detection Kit for Human Pluripotent Stem Cells’ 
protocol. Therefore, it is recommended to set up each Experiment 
Sample and Reference Sample measurement in duplicate to 
ensure accurate, non-biased data collection.  
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METHODS  

The procedure described in this manual assumes that the user is 
familiar with the basic principles of RT- PCR and with using proper 
sterile technique.  

Overall Procedure 

 

Figure 1 Outline of the BioPanel® Methylation Detection for 
Human Pluripotent Stem Cells.  A and B illustrate the sample 
workflow of non-methylated DNA and methylated DNAs. The non-
filled circles in the image represent unmethylated cytosines, while 
the filled circles represent methylated cytosines in CpG dinucleotide 
context.   In both cases the DNA is divided in two parts;   
Experiment Reaction and a Reference Reaction. Experiment 
Reaction samples are MSRE digested while the Reference 
Reaction samples are not (mock digested).  Following digestion, 
DNA from both samples is used for real-time PCR. Following real-
time PCR, amplification, plots demonstrate non-methylated DNA 
exhibits large differences in the Ct values for Experiment and 
Reference Reactions. Highly methylated DNA samples exhibit little 
difference (Method B plot).  These data are used as the basis for 
methylation determination.  

  



  
 

 6 

Product Manual 

Important:  PLEASE READ THE ENTIRE PROCEDURE BEFORE 
STARTING. Prepare and use appropriate desired controls for each 
experiment. Prior to beginning experiment, turn on the PCR 
equipment and set to desired parameters. 

Note: Method A should be used for screening and quantifying DNA 
methylation levels of RAB25, NANoG, MGMT, GBP3 and LYST.  
Method B should be used for indicating pluripotency in stem cell 
lines using DNA methylation levels of RAB25, NANoG, MGMT,GBP3 
and LYST. 

PROCEDURE 

Method A (Screening and quantifying DNA methylation 
levels) 

Addition of DNA Sample 

1. Thaw the specific BioPanel® Plate on ice  
(Plate for Light Cycler™, Plate for CFX Touch™ Plate for 
7500 or 7900). Quick spin plate for 1 minute to collect the 
contents at the bottom of the wells. 

2. Carefully remove strip caps and discard. Avoid splashing to 
prevent potential contamination. 

3. Add 5µl (4ng/µl) of each DNA sample to be tested into the 
appropriate well of the plate as indicated below.  Do not add 
any samples to wells G1-G12 or H1-H12 as control DNAs have 
already been added for you.   The diagram below illustrates the 
setup for duplicate sampling. 

Alternatively, if not performed in duplicate, six individual DNA 
samples can be processed. 
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Note: The BioPanel® (ENZ-45009) is compatible with  
passive reference dye (not included in this kit) for instruments 
requiring its usage.   

4. Seal the plate with the supplied BioPanel® Plate Seal.  
Transfer to a 96-well real-time PCR instrument. Proceed to 
step 2.   

Note: To eliminate bubble that may be present within the wells, 
spin down the plate prior to conducting real-time PCR. 

MSRE Digestion/Real-Time PCR 

Reaction conditions for the combined BioPanel® Methylation 
Detection kit for human pluripotent Stem cells, MSRE 
Digestion/Real-Time PCR processes have been optimized for direct 
input, digestion, and real-time amplification of DNA samples.  
Typically, between 40-45 cycles is recommended for the 
amplification of most DNA templates. 

1. Set the real-time PCR instrument to excitation and emission 
wavelengths of (~) 465nm and 510nm, respectively.   

2. Perform real-time PCR using the following parameters. 

 

Note: If necessary, the MSRE Digestion can be performed at 
37°C using an incubator or similar device. Also, a melt analysis 
can be performed after Final Extension prior to the Hold Step. 
The melt analysis is recommended for the detection of non-
specific product and primer dimer formation. 
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Data Analysis 

Important: The methylation level for any amplified region can 
be determined using the following equation: 

Percent Methylation = 100 x 2-∆Ct 

where ∆Ct = the average Ct value from the Experiment 
Reaction minus the average Ct values from the Reference 
Reaction. 

Example to Determine Methlation Level 

1. The table (below) represents actual real-time PCR data 
generated using Non-methylated DNA Standard (human) and 
the BioPanel® Methylation Detection Kit for Human 
Pluripotent Stem Cells PCR procedure (2.b) and NANOG 
primers.  (Measurements performed in duplicate).  

 

2. Calculate the average Ct value for Experiment Reaction and 
Reference Reactions. 

 

3. Plug the ∆Ct into the equation: 100 x 2-∆Ct 

100 x 2-4.75 =3.72% 

Using this equation the methylation level of Non-methylated 
DNA Standard for human is determined to be 3.72 %.  Low 
background level of methylation should be detected.  
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Method B (Indicating pluripotency in stem cell lines 
using DNA methylation levels of RAB25, NANOG, 
MGMT, GBP3, and LYST) 

Note: The following possible comparisons can be made: 

 Human DNA isolated from an embryonic stem cell line (of 
known pluripotent state) with an induced stem cell line (of 
unknown pluripotent state).   

 Human DNA isolated from an embryonic stem cell line (of 
questionable pluripotent state) compared to a human cell line 
(of a known fully differentiated state) or, an embryonic stem 
cell line (of a known pluripotent state). 

* Cells are note supplied with kit. 

Addition of DNA Sample 

1. Thaw the specific BioPanel® Plate on ice. I.e (Plate for  Light 
Cycler™, Plate for  CFX Touch™  Plate for 7500 or 7900).  
Quickly spin the plate for 1 minute to collect the contents at the 
bottom of the wells. 

2. Carefully remove strip caps and discard. Avoid splashing to 
prevent potential contamination. 

3. Add 5µl (4ng/µl) of each DNA sample to be tested into the 
appropriate well of the plate as indicated below.  Do not add 
any samples to wells G1-G12 or H1-H12 as control DNAs have 
already been added for you.  The diagram below illustrates the 
setup for triplicate sampling. 
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4. Seal the plate with the supplied BioPanel® Plate Seal.  
Transfer to a 96-well real-time PCR instrument.  Proceed with 
Step 2. 

MSRE Digestion/Real-Time PCR 

Reaction conditions for the combined BioPanel® Methylation 
Detection Kit for Human Pluripotent Stem Cells, MSRE 
Digestion/Real-Time PCR processes have been optimized for direct 
input, digestion, and real-time amplification of DNA samples.  
Typically, between 40-45 cycles is recommended for the 
amplification of most DNA templates. 

1. Set the real-time PCR instrument to excitation and emission 
wavelengths of (~) 465nm and 510nm, respectively.   

2. Perform real-time PCR using the following parameters. 
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Note: If necessary, the MSRE Digestion can be performed at 37°C 
using an incubator or similar device. Also, a melt analysis can be 
performed after Final Extension prior to the Hold Step. The melt 
analysis is recommended for the detection of non-specific product 
and primer dimer formation. 

Data Analysis 

The table (below) represents actual real-time PCR data generated 
for a single gene region using the BioPanel® Methylation Detection 
Kit for Human Pluripotent Stem Cells with differentiated DNA and 
human stem cell DNA.  These data are combined with those of the 
other 5 gene regions to assess pluripotency. 

Human Differentiated DNA: 

Ct values of Experiment 
Reaction 

Ct values of Reference 
Reaction 

25.879 25.500 

25.934 25.136 

25.916 25.361 

Human Stem Cell DNA: 

Ct values of Experiment 
Reaction 

Ct values of Reference 
Reaction 

29.861 24.758 

29.628 24.652 

29.723 24.659 
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The following steps will use these values as an example 

1. Calculate the average and standard deviation of the Ct values 
for the Experiment and Reference of each sample. 

Samples 

Average Ct 
values of 
Experime

nt 
Reaction 

Standard 
Deviation of 
Experiment 

Reaction 

Average Ct 
values of 

Reference 
Reaction 

Standard 
Deviation 

of 
Reference 
Reaction 

Human 
Differentiated 
DNA 

25.910 ± 0.028 25.332 ± 0.184 

Human Stem 
Cell DNA 

29.737 ± 0.117 24.690 ± 0.060 

2. Determine the ∆Ct by subtracting the average Ct value of the 
Reference Reaction from the average Ct value of the 
Experiment Reaction.  Determine the standard deviation for 
the ∆Ct using the formula for error propagation below. 
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3. Substitute the ∆Ct into the equation: 100 x 2-∆Ct 

Human Differentiated DNA: ∆Ct = 0.578 ±0.186 

100 x 2-0.578= 66.99% 

Apply the standard deviation values to the equation as well:  

0.578 + 0.186 = 0.764    100 x2-0.764 = 58.89% 

0.578 - 0.186 = 0.392    100 x 2-0.392 = 76.21% 

The average methylation percentage for the Human 
Differentiated DNA = 66.99% methylation with a range of 
58.89% - 76.21%. 

4. Repeat the same calculations for the human stem cell DNA. 

Human Stem Cell DNA: ∆Ct = 5.047 ±0.131 

100 x 2-5.047 = 3.02% 

Apply the standard deviation values to the equation as well:  

5.047+ 0.131 = 5.178   100 x 2-5.178 = 2.76% 

5.047 – 0.131 = 4.916   100 x 2-4.916 = 3.31% 

The average methylation percentage for the Human Stem Cell 
DNA = 3.02% methylation with a range of 2.76 % - 3.31%.  
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Indication of Pluripotency 

Stem cell lines can be successfully scored from methylation 
percentages calculated at RAB25, NANOG, PTPN6, MGMT, GBP3, 
and LYST gene regions.  A positive score (+) is assigned when the 
calculated methylation percentage for one cell population type is 
significantly higher than the other.  Conversely, a negative score (-) 
is assigned when the methylation percentage of one population is 
significantly lower than the other. 

The graph below (Figure 41) illustrates the differential pattern in DNA 
methylation percentages for human differentiated DNA (shown as 
grey bars) and human stem cell DNA (shown as white bars). Scoring 
patterns for a differentiated cell population and a pluripotent one are 
shown in the table below.  If scoring for any tested cell line does not 
match the pluripotent pattern shown below, its pluripotency state is 
questionable. 

 

 

Figure 2: Human differentiated DNA (yellow stripped bars) and 
human stem cell DNA (white bars) show different DNA methylation 
percentages for RAB25, NANOG, PTPN6, MGMT, GBP3 and LYST 

Note: This protocol is meant to indicate whether or not a cell line is 
in a pluripotent state and is not intended to replace teratoma 
formation, or unlimited self-renewal in culture as a definitive test of 
pluripotency.  
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APPENDIX  

Methylation Sensitive Restriction Enzymes (MSREs) Featured  

A mix of the following MSREs are present in the Experiment 
Reaction Premix: 

 

Control DNA Standards 

This panel contains non-methylated DNA Standards (human) pre-
aliquotted into the wells of the 96-well plate. The non-methylated 
DNA standard (human) was purified from cells containing genetic 
knockouts of both DNMT1 and DNMT3b DNA methyltransferases 
and has a low level of DNA methylation (~5%). 
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Amplicon and Sequence Information 

The primers pre-aliquotted into the wells of the 96-well plate is 
designed to amplify a single gene region.   

NANOG - Amplicon Length: 286 bp 

5’………………CTAGAAGTATTTGTTGCTGGGTTTGTCTTCAGGT
TCTGTTGCTCGGTTTTCTAGTTCCCCACCTAGTCTGGGTTACT
CTGCAGCTACTTTTGCATTACAATGGCCTTGGTGAGACTGGTA
GACGGGATTAACTGAGAATTCACAAGGGTGGGTCAGTAGGGG
GTGTGCCCGCCAGGAGGGGTGGGTCTAAGGTGATAGAGCCTT
CATTATAAATCTAGAGACTCCAGGATTTTAACGTTCTGCTGGAC
TG………………3’ 

PTPN6 - Amplicon Length: 152 bp 

5’………………GTAAGTCCCGGGCACCATCGGGGTCCCAGTCT
CCTGTTAGTTTTGGAGGGAGGGAGGGCTTTGTTGATGCTCACT
CCGACGTGTGTGAACGTGAGTGCGATCTGCCGCTGCCCTGC
………………3’ 

RAB25 - Amplicon Length: 258 bp 

5’………………CAGCCCTCAGTGGGCTGTCTCTGAAGGTCCTGT
CCCTTTTTCGCTTCCCCCCCGCTGGAGCTGCTTCTCCCGCTTG
CGGGAGCCCAGGCTGAGAGCAGACACCCAACCTGTCGAACCT
GTCTGACGTCATCATCTCTCCACCCACCTGGGCCCCAGGTCT
CCAGCCACCCCGCTCTTCCTGTTCTCAGCTTCCGTCCTCTCTG
CTTCCTTACAGCACCCCCA………………3’ 

GBP3 - Amplicon Length: 152 bp 

5’………………CAGCTGCAGCCTAATTTGGTCCTGGTCATTTTTA
AGAAAATGAACTGACTTATAAATTCCTTCCCATCCTTGCCACAA
CGTTATAGGCTCCACGTCCCTGAGCTGAGGTACTTCAG………
………3’ 

LYST - Amplicon Length: 152 bp 

5’………………GAATACAACTTTCCCACGTAAGAATGAATAAACA
CTGAAAGAGGCCAAAACCCCAAACACTCTGGTATGAGGACTG
CTCTTCTCAAAGCCAAAAGGTCATTGGGATGGCTTCTTAG……
…………3’ 

MGMT - Amplicon Length: 156 bp 

5’………………GCACGTGGCAGGTCGCTTGCACGCCCGCGGAC
TATCCCTGTGACAGGAAAAGGTACGGGCCATTTGGCAAACTAA
GGCACAGAGCCTCAGGCGGAAGCTGGGAAGGCGCCGCCCGG
CTTG………………3’ 
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GLOBAL HEADQUARTERS 
Enzo Life Sciences Inc. 
10 Executive Boulevard 
Farmingdale, NY 11735 
Toll-Free:1.800.942.0430 
Phone:631.694.7070 
Fax: 631.694.7501 
info-usa@enzolifesciences.com 
 

EUROPE/ASIA 
Enzo Life Sciences (ELS) AG 
Industriestrasse 17 
CH-4415  Lausen 
Switzerland 
Phone:+41/0 61 926 89 89 
Fax:+41/0 61 926 89 79 
info-ch@enzolifesciences.com 
  
 For local distributors and detailed product information visit us online: 

www.enzolifesciences.com 
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