
	  

	  

 
Southern protocol with human genomic DNA to screen for 

integration of STEMCCA in hiPS Cells 
 
Genomic DNA isolation 
 

1. Use 1 well of a 6 well plate of hiPS or hES cells growing on MEFs. 
a. Many little colonies or a few larger colonies (avoid too much overgrowth or you’ll 

get too much gDNA that will be difficult to re-suspend in solution). 
2. Aspirate media from the well and wash 2x with 2-3 mL of 1x PBS at room temp.  
3. Add1mL1xPBS  
4. Scrape cells from plate using a cell scraper.  

a) Use as small a scraper head as possible (Corning, cat. no,: 3010 or 3008). Cut the 
scraper head such that the width of the scraper is reduced; this will help avoid 
having cells stick to the scraper head. 

5. Transfer cells with a p1000 to 1.5 mL Eppendorf tube. If there are still cells left in the 
well you can add 200-300 ul more of 1x PBS with pipette to then transfer them as well 
if desired.  

6. Pellet cells at 4000 rpm (1500g) in a tabletop centrifuge for 3 minutes.  
7. Pour off PBS supernatant, but allow the residual to remain.  

a. Double-check pellet size at this point. If it’s too large could split in two or remove 
some cells  

b. You want no more than a 50 ul pellet, 30 ul being ideal  
8. Vortex to re-suspend cells in the remaining PBS. This is a crucial step- cells must be 

re-suspended.  This is also the point where you can remove/split cells to give the 
optimal amount. 

9.  Add proteinase K to tail buffer for master mix: Add 12.5 uL proteinase K (Roche 
Applied  Science, cat. no.: 03115828001) per 500 uL tail buffer for a final volume of 
512.5 ul of tail  buffer (see end of protocol for recipe) per sample.  

10. Add 512.5 ul of master mix to sample and invert to mix.  
11. Incubate at 500C overnight, making sure to invert 2-3 times before you go home.  

a. Best to invert ~ 1 hr after starting the incubation and then a couple times after 
that. 

12. In morning vortex sample to break up clumps.  
13.  Add 512.5 ul of isopropanol to each tube, invert to mix. You should be able to see the 

DNA  falling out of solution at this point.  
14.  Spin down DNA at 9300g in a tabletop centrifuge for 2 minutes. This will create a soft 

DNA  pellet. The ideal pellet size looks about 10-20 uL in size.  
a. If you spin for too long or at too high a speed the pellet will be more difficult 

to  re-suspend.  
b. If you are concerned about losing the pellet, samples could be spun for 1-2 

more minutes.  



	  

15. Carefully pour off the isopropanol.  
16.  Add 500 uL of 70% ethanol, quickly invert and put in centrifuge to spin.  

a. Can shake the pellet off the bottom of the tube in order to wash it more 
thoroughly. 

17. Spin samples at 9300g in a tabletop centrifuge for 2 minutes.  
18. Quickly pour off the ethanol and immediately re-spin the samples for 30 seconds.  
19. Remove the remaining ethanol with pipette. Tap any excess onto the side of the tube 

to give more surface area for evaporation. 
a. If the pellet moves, mark it so you know where it ended up. 

20. Let samples air dry for about 1 hour. Do not let dry for too long or they will be hard to 
re-suspend.  

21. Using the DNA pellet size as an indicator of how much TE is needed, add between 20-
70 uL of TE  to each sample, making sure the pellet is immersed. 

a. Larger pellets typically start with 50 uL and end up at 100 uL of TE added.  
b. Smaller pellets start with 20 uL and end up at 40 uL of TE added.  

22. Let sit at 40C over night. The pellet with swell and then you can try to re-suspend 
using pipette-man.  

a. If needed add more TE and put back at 4 0C for a couple hours.  
b. Repeat process until you have a homogenous mixture and it is fairly easy to 

pipette 2 ul. You should still see a ‘sticky string’ when pipetting with p200, but it 
should not be difficult to pipette.  

c. The DNA may take days to re-suspend. Re-suspension can be facilitated at 
high temperatures (e.g. room temperature or 55 0C).  

23. Quantify via BioRad spectrophotometer (nano drop reader may be inaccurate for 
viscous gDNA).  

a. Make a dilution (2uL in 400uL water) for BioRad spectrophotometer. 
i. ug/ul = 400*50*OD*.5 

 
Digestion of gDNA with BamHI 
 
Digest 10ug of gDNA in total digestion volume of 50 uL. 

a) Set up in the late afternoon for an overnight digestion  
b) Make sure all reagents are mixed prior to use  
c) Reaction:  

I. DNA: 10ug, bring up to 10uL volume with diH2O  
II. Combine the following into a master mix where 40 uL is then added to each 

sample  to make a 50ul digestion reaction total volume per sample. Make 
sure to mix thoroughly.  

i. 5ul of 10x Digestion Buffer for BamHI (we use NEB Buffer#3)  
ii. 2.5 uL of BamHI (We use NEB cat#R0136S 20,000u/mL stock):  
iii. ddH2O: 33 uL  

III. Quick spin to get all reagents to bottom of tube  
d) Digest overnight at 370.  



	  

e) If you cannot run the gel the next morning samples can be frozen at -200 until 
used.  

 
Gel electrophoresis 
 
After setting up the digest, cast a 0.8% agarose gel with EtBr. With a large (13cm) gel box:  
200 mL TAE 
 1.6 g agarose  
20 uL EtBr 
Use the largest comb size for a 12 lane comb. After the gel has set, fill the gel box with TAE 
such that the gel is sufficiently covered with liquid and leave it on the bench until the next 
morning. 
The next morning, add 5ul of 10x DNA loading dye to the digested samples and load them 
into the gel. Run at 80V for half an hour and 100V for 3-4 hours; check the gel every couple of 
hours to ensure it is not melting/warping from overheating. Take a picture of the gel under UV 
light to verify that the DNA has properly digested and smeared, as in the following example: 
 

 
 
Trim the gel at the top and bottom, keeping in mind that the smallest possible band for 
hSTEMCCA cut with BamH1 would be around 3500bp. Cut off the top left corner of the face-
up gel for orientation. 
 
Rinse the gel in deionized water in a glass dish. Then begin washes: 
 
Depurination: Depurinate the DNA by soaking the gel in 0.25 M HCl for 15-20 minutes in a 

glass dish on the shaker. Make sure the gel is floating free. This step is necessary for 
DNA fragments > 4kb. 
10.3 mL HCl, aliquoted in a chemical hood  
490 mL double deionized water 
 

Denaturation (see end of protocol for recipe): Rinse the gel with deionized water after 
removing the depurination buffer. Add enough 1X denaturation buffer for the gel to be 
covered and floating freely. Place dish on a moving platform for 20 minutes, then replace the 
buffer and repeat for another 20 minutes. Rinse the gel with deionized water. 



	  

 
Neutralization (see end of protocol for recipe): Neutralize the gel by bathing it in the 
neutralization buffer for 20 minutes on the moving platform. Replace the buffer and bathe 
again on the moving platform for another 20 minutes. 
 
While the gel is in the neutralization solution, place a piece of Plexiglas or a stack of glass 
plates in a large glass baking dish to form a support that is longer and wider than the gel. Pre-
wet two strips of Whatman 3MM paper (VWR, cat. no.: 28458-005) with 10x SSC and hang 
them over the sides of the support and into the bottom of the dish containing transfer buffer 
(10xSSC; at least 500mL for a 9x9 casserole dish). Use a 10mL plastic pipette to roll out any 
bubbles caught between the paper and the support or between the two pre-wetted papers. 
Cut another rectangle of 3MM paper to a size slightly larger than the gel, wet it with transfer 
buffer, and place it on the strips. 
Cut a piece of blotting membrane (GE Healthcare, cat. no.: RPN303B) about 1mm larger than 
the gel in both dimensions. Use gloves and forceps to handle the membrane! And avoid 
touching the membrane as much as possible. Immerse the membrane and the gel in transfer 
buffer (10X SSC) for a few minutes. 
 
Remove the gel from transfer buffer and invert it, so that the underside is now uppermost. 
Place the inverted gel on the support so that it is centered on the wet 3MM papers. Roll the 
10mL pipette over the gel to remove air bubbles. Place the wet membrane on top of the gel. 
 
 Pre-wet two more pieces of 3MM paper exactly the size of the membrane (never smaller) and 
place on top of the membrane. Roll out any air bubbles with the 10mL pipette. Place a stack 
of Whatman Gel Blot paper (VWR, cat. no.: 89026-894) on top of the pile. Center it over the 
gel to distribute weight evenly.  
 
Each time you roll out air bubbles, add transfer buffer to the surface.  
 
Surround the gel with Parafilm. Make sure the Parafilm is not touching the buffer. The 
Parafilm serves to avoid too much evaporation of buffer and more importantly to make sure 
that no Whatman paper stacked on top of the gel touches the wet Whatman paper under the 
gel—this would cause the liquid to bypass the gel while diffusing upwards. Allow the transfer 
to proceed overnight (12-20 hours). 
 
After the transfer of DNA is completed, remove the Gel Blot paper and 3MM papers and rinse 
the membrane in 2X SSC to remove any agarose. Place the membrane on a dry piece of 
3MM paper (the side in contact with gel during transfer facing UP).  
Once the visible moisture on the gel is gone, fix the DNA onto the membrane using a UV 
Stratalinker “autocross link” setting (STRATAGENE). Make sure the membrane is face up in 
the Stratalinker (the side in contact with the gel during transfer facing up). Press “auto cross 
link” and then press Start. 
 



	  

The membrane can be stored dry between two pieces of 3MM paper in a plastic bag in the 4 
°C fridge for up to two weeks. If this is done, re-wet the stored membrane in 5X SSC for a 
couple of minutes before proceeding with prehybridization. 
 
Prehybridization 
 
Warm up the Rapid-Hyb buffer (GE Healthcare, cat. no.: RPN1635) to 65 °C by adding 10mL 
to a glass hybridization bottle and placing in the hybridization oven set to 65 °C. Place the 
membrane in the hybridization bottle with the side that was facing the gel on the inside. Try to 
avoid bubbles between the membrane and glass wall of the bottle. Make sure that the 
membrane does not overlap onto itself inside the hybridization bottle—areas that overlap will 
not hybridize the probe. Incubate at 65 °C for 1.5-2 hours in a hybridization oven with slow 
rotation. 
 
DNA labeling with P32 to prepare a radioactive DNA hybridization PROBE 
 

1. Dilute the DNA fragment to be used as your probe: dilute the DNA to be labeled to 
~12ng/μL. Add 2uL of this dilution to 43uL of TE in an Eppendorf tube. To detect 
STEMCCA we use the lentiviral backbone’s WPRE fragment as a probe—see recipe 
at end on how to make this probe.  

2. Denature the DNA at 100 °C for 5 minutes.  
3. Chill the DNA immediately by placing the Eppendorf in ice water for 5 minutes.  
4. Quick Spin the tube for a second or two to get solution to bottom of tube, and then 

transfer the  denatured DNA solution to the reaction tube (GE Healthcare, cat. no.: 
RPN1633).  

5. To radioactively label the probe, go to the radioactive area and add 5uL of [a-32P]-
dCTP (Perkin  Elmer, cat. no.: NEG013425OUC). Use filter tips! Pipette up and down 
12 times.  

6. Incubate at 37°C for 10-20 minutes.  
7. Purify the probe using a G-50 column (GE Healthcare, cat. no.: 28-9034-08). First, 

resuspend the resin in the column by vortexing. Snap off the bottom closure, loosen 
the cap, and spin for 1 min at 3000rpm (~8000g) in a tabletop centrifuge. Place the 
column in a fresh screw-top tube and apply the probe to the resin without touching the 
resin. Centrifuge for 2 min at 6000g. The purified probe should be clear and is 
collected in the bottom of the tube. 

 
Hybridization 
 
Denature the probe between 95 and 100 °C for 5 minutes. Immediately place the tube in ice 
water for 3-4 minutes. Centrifuge the tube briefly. Take ~500uL of hybridization buffer; add it 
to the denatured probe and pipette up and down. Transfer all of the solution to the bottom of 
the hybridization bottle without touching the membrane with the pipette tip. Incubate at 65 °C 
for 4.5 hours in a hybridization oven with slow rotation. 
 



	  

Note: Perform steps 5-7 and the hybridization step in the radioactive area! Fill in 
radioactive use & disposal forms! 
 
Washing the membrane 
 
Low stringency: Wash the membrane 2 times with 500mL of 2X SSC, 0.1% SDS at room 
temperature in a closed plastic Tupperware on a moving platform for 20 minutes each. 

100 mL 20X SSC  
10 mL 10% SDS (Ambion, cat. no.: AM9823) 
 Fill to 1 L total volume with double deionized water 

 
High stringency: While the membrane is in its second low-stringency wash, make the 
second wash buffer (0.2X SSC, 0.1% SDS): 

10 mL 20X SSC  
10 mL 10% SDS 
 Fill to 1 L with double deionized water 

Warm 500 mL of the buffer to 65 °C over a Bunsen burner. Wash the membrane with this 
media in the plastic covered Tupperware on the moving platform (the buffer will cool over the 
course of the wash) for 20-25 minutes. While the wash is finishing up, heat up the rest of the 
buffer to 65 °C and then replace the buffer with the fresh heated buffer. Wash for 20-25 
minutes. After each addition of heated buffer, be sure to vent the closed Tupperware to avoid 
the lid popping off. 
 
Exposing the membrane to film 
 
Place the membrane on dry 3MM paper to remove excess buffer. Wrap the membrane with 
Saran Wrap and expose to film (VWR, cat. no.: IB-8294985) at -80 °C. Exposure time varies 
but DNA bands can be detected after 24-48 hours. 
 
BUFFERS: 
 
Tail Buffer recipe: 
100 mM Tris-HCL  
5 mM EDTA  
0.2% SDS  
200 mM NaCL 
 
For 300 mL: 
3.63 g Tris powder  
0.5583 EDTA powder  
6 mL 10% SDS  
3.51 g NaCl   
Add ddH2O to 250 mL  
Adjust to pH 8  



	  

Add ddH2O to 300 mL 
 
20X SSC (3M NaCl, 0.3M Na Citrate)  
For 4 liters:  
701.2 g NaCl   
352.8 g Na Citrate 
Adjust pH to 7.0 with 14N HCl. 
 
1X Denaturation Buffer (3M NaCl, 1N NaOH)  
For 4 liters:  
350.64 g NaCl   
80 g NaOH 
 
1X Neutralization Buffer 
For 4 liters: 
 350.64 g NaCl   
242.28 g Tris 
 Adjust pH to 7.5 with HCl. 
 
 
MAKING A WPRE DNA FRAGMENT FOR USE AS A PROBE: 
We use the entire WPRE fragment as a southern blot probe to detect integrated copies of any 
lentiviral backbones that feature this sequence. To prepare this fragment we use a pHAGE2 
single position WPRE containing plasmid, for example pHAGE2 Ef1aL-ZsGreen-W, and cut it 
BamHI- KpnI in a double digest to release the entire 590bp WPRE fragment. The digestion 
reaction solution is run on a 1% agarose gel, and the band is excised out of the gel and 
purified using a Qiagen Gel Extraction Kit. 
J Jean, A Omari, S Rozelle 10-28-2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


