Nascent Transcriptomics Core	                                                                           Updated, Jul 2020
Harvard Medical School	                                      based on protocol from Leighton Core (U Conn)

Cell Permeabilization for PRO-seq

Purpose: This protocol is used to permeabilize cells for nuclear run-on assays as part of PRO-seq. 

Application: Although this protocol should be broadly effective for many cell types, the conditions were optimized for selected lines of mammalian cells in culture, so additional optimization may be required for other cell types. Notably, initial cell harvest conditions will need to be altered for non-adherent cell types, and centrifugation speeds may need to be altered based on cell ‘delicacy’, to avoid cells bursting. 

Version Note:
Users with prior experience working with the core will note that this protocol differs somewhat from the prior version.  The buffer compositions have been adjusted and the protocol has a few changes.  The quality of cells produced by the original and this updated version of the protocol are the same but we find that the new version tends to reduce cell clumping and is somewhat easier to optimize.  If you already have the original protocol working for your cells, you can continue using it for now but we will eventually transition entirely to the new version and encourage you to begin using the new protocol.  Using cells permeabilized by the new version will enable the core to make certain modifications to our library construction protocol that will increase efficiency.  The quality of data generated is the same regardless of permeabilization method but it is very important to let us know how which method you used since that will determine aspects of the library construction method used.

How it works:  Cells are harvested immediately into ice cold buffer to halt transcription.  Subsequent treatment with mild detergents creates holes in the plasma membrane releasing intracellular NTP pools into the solution and further stalling transcription elongation.
· If cells are not kept ice cold prior to permeabilization, transcription elongation may continue during handling.
· If cells are not thoroughly permeabilized, native NTPs from intact cells may compete with biotinylated NTPs during nuclear run on.  
Both of these situations will compromise the 3' end resolution of PRO-seq libraries. 

General Note:  High quality permeabilized cells are the single most important factor for obtaining good PRO-seq data.  Permeabilization is strongly influenced by cell type, cell handling, temperature, and amount of time that cells spend in Buffer P.  These must be controlled as precisely and reproducibly as possible.  

· We strongly recommend that users new to the protocol permeabilize at most 2-4 samples at a time and even with practice never more than 6. 
· Pairs of samples for comparison (e.g. A and B) should be permeabilized in parallel: A1 with B1 not A1 with A2.  
· We suggest that users new to the protocol prepare one or more practice batches of permeabilized cells to maximize recovery and permeabilization.

We advise taking pairs of samples through the protocol from start to finish before starting with the next pair.  Though more time consuming, this approach offers the best control over the process.  

If you have any questions about the protocol or require assistance, please contact NTC staff.

Expected Results:  With practice, it should be possible to recover at least 50% of the input cells with ≥95% permeabilization.  Samples with <80% permeabilization are unsuitable for PRO-seq and cannot be processed by the core.

Estimated Time Required: ~1 hour, longer if staggering multiple batches

Required Reagents: (buffer compositions are listed at end of protocol)
DMEM + 10% FBS
Trypsin or Accutase for releasing adherent cells
1X PBS (without Mg/Ca; room temp and chilled)
Buffer P (permeabilization) 
Buffer W (wash)
Buffer F (freeze) 
liquid nitrogen

Starting Material: 
cells, ideally 5-10 million (M) cells per sample

Note on cell numbers
In our hands this protocol has a cell retention rate of ≥50% for most cell lines, so to be safe, plan to start with at least twice as many cells as you need for your downstream application. Ideally, you would start with 3-4X as many cells as you need– that way it’s not a disaster if your efficiency is lower! Currently, PRO-seq libraries are generated with 1M permeabilized cells (that is 1M cells counted after permeabilization, so this corresponds to ~2M starting cells for each library based on a 50% retention rate). 

This protocol is significantly more efficient if you’re working with 5-10M cells. If you are starting with more than 10M cells, aliquot them so that there are no more than 10M cells per tube. It is also difficult to permeabilize cells in batches of less than 1M without protocol optimization. Please contact us about options if you plan to start with fewer than 5M cells per sample.

Prior to Starting Protocol: 
· Warm Trypsin or Accutase to appropriate temperature
· Chill centrifuge(s) to 4ºC
· You will need to spin down cells in 50mL conical tubes and 1.5mL Eppendorf tubes. All the spins are best done in a swinging-bucket rotor rather than fixed angle. Thus, you would ideally use adaptors that let you spin 1.5mL tubes in a swinging-bucket centrifuge.
· Chill appropriate volumes of buffers, medium, and 1X PBS on ice. 
· Check that liquid nitrogen is available.  It will be needed for freezing final cells.
· Immediately before use, supplement buffer aliquots as follows:
· Buffer W:	DTT to 0.5mM + 0.2L/mL RNase inhibitor* + protease inhibitor to 1x
· Buffer P:	DTT to 0.5mM + 0.2L/mL RNase inhibitor* + protease inhibitor to 1x
· Buffer F:	DTT to 0.5mM + RNase inhibitor* to 1L/mL final
*we use SUPERaseIN from ThermoFisher (#AM2696)
· Make sure you have wide-bored P1000 tips (1-2 tips needed per sample, filtered tips preferred). 

Protocol:

Note: After harvest, cells should be kept on ice at all times.

1. Rinse cells on plate once with room temperature 1X PBS 
2. Apply Accutase or trypsin to release adherent cells, using conditions typical for your cell type. After 1-2 minutes (or when cells detach), quench with ice cold DMEM+10%FBS.  
3. Collect cells in 50mL conical tube. Pool cells from multiple plates if appropriate.  Use no more than 15M cells per tube. Place tubes on ice immediately. 
We achieve highest efficiency when 50 mL tube contains 5-10M cells. Since the pellet after permeabilization can be ‘smeary’ and fairly translucent, it is difficult to keep track of and resuspend properly if cell numbers are very low. Conversely, if you have too many cells to a tube they tend to stick together after permeabilization and then shear during resuspension. 
There is no need to precisely determine cell number at this stage. If you know the expected cell number based on plating, plate size, or just looking at the dish, that should be sufficient to divide appropriately into tubes. 
4. Spin at 300xg for 4 min at 4ºC.
5. Remove supernatant. Gently resuspend cell pellet in 10mL cold 1X PBS.
If you will be using the same cells for multiple purposes (e.g. PRO-seq and RNA-seq), take 10-20L of cells for counting so cells be divided properly.  If practicing the protocol, also count at this step as this "input" cell count is needed to calculate percent recovery.
6. Spin again at 300xg for 4 min at 4ºC. Remove supernatant. 
7. Resuspend cells in 250L Buffer W to get a single-cell suspension
It is critical that cells are in single-cell suspension at this stage. If cells are still in clumps when Buffer P is applied, they can become a gunky mass that gets sheared to pieces during resuspension and result in super-low final cell counts. 
Resuspension to single cells is usually done by pipetting but in some cases a cell strainer can be helpful. We use Corning Falcon Test Tube with Cell Strainer Snap Cap (#352235).  Place the end of a wide bore tip in contact with the strainer mesh and dispense the cells briskly through. If your cells are very fragile, pass them through by gravity flow.
https://www.fishersci.com/shop/products/falcon-tube-cell-strainer-cap-mesh-size-35um/0877123

8. Add 10mL Buffer P and incubate sample(s) on ice for 5 min. 

Add Buffer P at medium speed on your automatic pipettor, dispensing along the wall of the tube (it may help to set the tube diagonally in an ice bucket and flow buffer P along the lower wall). This will enable mixing, but avoid sloshing that will disrupt cells.

Tubes may alternatively be placed on a nutator (or other gentle cell rocker) and *very* gently mixed (~10 RPM for our nutator) for 1 min at room temp before being placed back on ice. 

Keep amount of time in buffer P consistent across samples, especially when processing multiple samples at the same time.

9. Spin at 400xg for 4 min at 4ºC. 

Check that the supernatents are clear and pellet is compact to avoid cell loss when removing supernatent.  If the supernatent is cloudy and the pellet has a hazy/wispy appearance at the top, you should spin again before removing the supernatant.

10. Remove supernatant from the first sample in your set and immediately add 1mL of buffer W, pipetting gently 2-3 times.  Do the same for the next tube and continue until all samples have been processed. 
The idea here is to quickly dilute out the residual Buffer P, not get a perfect resuspension.

One round of permeabilization is generally sufficient to permeabilize 95+% of cells (as judged by trypan blue staining, where trypan positive cells are permeable). However, if your cell counts show that a significant fraction of cells remain un-permeabilized), you can repeat steps #7-10 for an additional round of permeabilization.

11. Complete the resuspension of all pellets by gentle pipetting 
12. Add an additional 9 mL Buffer W to each tube. 

Add Buffer W at medium speed on your automatic pipettor, dispensing along the wall of the tube (it may help to set the tube diagonally in an ice bucket and flow buffer W along the lower wall). This will enable mixing, but avoid sloshing that will disrupt cells.

13. Spin at 400xg for 4 min at 4ºC. 
14. Remove supernatant and resuspend cells in 1mL Buffer W 
15. Repeat the cell wash (Steps 11-12) for a total of two washes 
16. Decent supernatents and carefully pipette off remaining buffer without disturbing the cell pellet. 
17. Resuspend in 250L Buffer F and transfer to a 1.5mL low binding tube. 
18. Rinse the conical tube with an additional 250L Buffer F and pool with the first resuspension to give 500uL total.
19. Pipet the pooled cells to fully resuspend.
 Pipet gently to avoid introducing bubbles. Make sure there are no visible clumps. The final suspension should look uniformly cloudy.  If you draw the cells into a pipet tip and hold it up to the light, you should not see any "snowflakes" or particles.  Permeabilized cells should be well resuspended for accurate counting and run-on.
20. Remove 10uL for counting.
It’s critical to have an accurate cell count at this stage, as this cell count will be used as the basis of your PRO-seq input. Our suggested protocol for cell counting is below:
a. Remove 10L sample.
b. Dilute into 90L PBS to make a 1:10 dilution.
c. Take off 20uL of this dilution and add to 20L PBS to make a 1:20 dilution. These dilutions generally cover a sufficient range to get accurate readings on a cell counter or hemocytometer
d. Use 10L each of the 1:10 and 1:20 dilution to count cells, either via cell counter or hemocytometer. Do not use trypan blue to stain at this step. 
e. Ideally, both dilutions will give you consistent cell concentration values. Make additional dilutions if needed to obtain values that fall within the range of your cell counter/ hemacytometer. 
f. Choose a dilution that was accurately counted and aliquot 10-20L into a new tube.  Just before counting each tube, pipet an equal volume of trypan blue dye into the tube, tweak gently 2-3 times to mix and count 10L.  Trypan-positive cells are successfully permeabilized. 
Note about automated cell counters: 
Some cell counters will not read a sample if almost all cells are trypan-positive (and assumed by the counter to be dead), and will instead return an error message or tell you no cells can be detected.  Since you’ve already counted the sample dilution without trypan and know the true cell number, you can interpret this error to mean that 98+% of cells are permeabilized. Alternatively, you can further corroborate by counting manually via hemocytometer. Not all cell counters have this problem, but many do. 
If using an automated cell counter, assess at least one of your dilutions visually. Although correctly-permeabilized cells will stain trypan-positive, so will dead cells. It’s hard to make any quantitative assessment of how many dead cells are in your sample (and, under normal circumstances, dead cells should be rare), but visual assessment should give you an idea of any major issues – permeabilized cells should look phenotypically intact, and may stain lighter than truly dead cells, since there are only a few holes in the membrane through which the dye can enter. 
A sample that stains ~ 95% trypan-positive is successful.  If the percentage staining positive is lower, let us know and we can work with you to optimize. 
Preparing samples for PRO-seq
Based on the cell counts above, dilute your sample for PRO-seq to 1 x 106 permeabilized cells per 50 uL (see note below about volume if spiking cells). Aliquot cells to a low binding microfuge tube
IMPORTANT NOTE: The final volume of permeabilized cells for the run-on reaction must be 50uL. If samples are to be spiked with permeabilized cells from another species, the final volume of permeabilized cells from your sample and spike must be 50uL. 
Adelman Lab users: Human and mouse samples are spiked with permeabilized S2 cells (Aliquots are located in the -80, use 5uL of the S2 Stock for 5% spike in) 

Preparing samples for submission to Nascent Transcriptomics Core
Based on the cell counts above, dilute your sample for PRO-seq to 1 x 106 permeabilized cells per 100 L. Aliquot 5 x 106 cells to a low binding microfuge tube (500L total)
Please use lo-bind tubes at this step, to minimize loss. 
Aliquotting
If, for example, 91% of your cells stain trypan-positive for permeabilization, you should adjust concentration to 1.1 M cells per 100L rather than 1M cells, so that each aliquot contains 1M permeabilized cells that can actually run-on in PRO-seq.

If your cell concentration is below 1 x 106 cells per 100L, spin down samples at 400g for 4 min at 4°C, remove supernatant, and resuspend cells at the appropriate concentration in Buffer F.
Note, if your final % permeabilized is ≤80%, do not submit these samples to the core.  The presence of an excess of unpermeabilized cells can adversely affect the run-on reaction.  The aliquots for sequencing must have both high % permeabilized and low % non-permeabilized.
21. For each sample to be submitted to the core:
a. Aliquot 5M permeabilized cells in 500L buffer F (please contact us if this amount is difficult to obtain)
b. Label tube with sample number issued by NTC
c. Provide core with cell count and % permeabilization numbers
22. Snap-freeze sample in liquid nitrogen.
23. Store at -80ºC.
24. Ship on dry ice
25. Upon receipt, we will recount cells to ensure accurate cell density for run-on.  If samples pass this QC, we will let you know, and build libraries.  If average library sizes are more than an ~160bp, sequencing is unlikely to give good data and we'll be in touch with next steps.
Buffer Compositions

Use RNase-free water and reagents to make all solutions.
Filter sterilize all solutions with 0.2m filters into RNase free plastic bottles.

Large stocks of buffers W, P, and F can be prepared in advance (without DTT, RNase and protease inhibitors) and stored at 4°C.  Aliquots of buffers containing DTT and inhibitors should be discarded after use.Buffers P and W are identical except for the addition of detergents Igepal and Tween-20 to Buffer P.

Buffer P (permeabilization)

10 mM Tris-Cl, pH 8.0
10 mM KCl
250 mM Sucrose
5 mM MgCl2
1 mM EGTA
0.1 % (v/v) Igepal CA-630
0.5 mM DTT
0.05 % (v/v) Tween-20
10 % (v/v) Glycerol 

Before Use:
Add 1 Pierce protease inhibitor tablet (EDTA-free) and 10 l SUPERase-In RNase inhibitor per 50 mL.

Buffer W (wash; identical to P without detergent)
10 mM Tris-Cl, pH 8.0
10 mM KCl
250 mM Sucrose
5 mM MgCl2
1 mM EGTA
0.5 mM DTT
10 % (v/v) Glycerol 

Before Use:
Add 1 Pierce protease Inhibitor tablet and 10 l SUPERase-In RNase inhibitor per 50 mL .


Buffer F (freeze): 
50 mM Tris-Cl, pH 8.0
40 % (v/v) glycerol
5 mM MgCl2
1.1 mM EDTA
0.5 mM DTT 

Before Use:
Add 10 l SUPERase-In RNase inhibitor per 50 mL.

Troubleshooting: 

Low Final Cell Counts?
Possible Causes: 
Losses during centrifugation. To test this:
1.   Save all supernatants and count them for cells, they should contain few or no cells. Also save an aliquot of cells after each step for counting.
      The only steps where cell losses are anticipated are during permeabilization.  If cells are being lost during other steps, centrifugation speed, time, or both may need to be adjusted.
2.   Look at the supernatant after Step 9 (permeabilization in Buffer P).  If it is not clear, spin          the samples a second time 400g for 4 minutes at 4ºC.
3.   As mentioned above, centrifugation parameters may need to be optimized.  Excessive g-forces can damage cell or cause them to clump and insufficient g-forces may not recover cells from supernatant.  The g-forces in the protocol above are general and you may need to modify for your cell type.  Note that Buffer F is viscous and slightly higher g-force may be needed to get good pellets.

Low Percent Permeabilized (Below 90% Permeabilized)?  
Possible Causes:	
1. You may have too many cells per tube for the corresponding volume of Buffer P added.  Decrease cell input per tube.
2. Cells are more resistant to permeabilization. To overcome this, you can increase time spent in Buffer P. 

Cells line is sticky or prone to clumping
Possible Causes:
Buffer composition may not be optimal for your cells if they are very prone to clumping.  It is possible to adjust buffer composition to try to reduce clumping.  This is not generally necessary but if the optimizations listed above fail, let us know and we can consider trying this.

Variability in Percent Permeabilized Between Batched Samples? 
For example: A1 is 95% permeabilized, B1 is 90% permeabilized, and C1 is 80% permeabilized. 
Possible Causes:
Delays in sample processing. The steps between buffer P addition to Buffer F addition are very time sensitive. It is imperative that you are as quick and gentle as possible during steps 8-9. Any variability in processing and time spent in each buffer will affect the final cell counts/percent permeabilized and may affect PROseq results. 

A final note on protocol optimization: 

The protocol above works well for a variety of cell types (e.g. HEK293T, mESC) but is not universal.  Some customization may be required for your cells.  Centrifugation times and g-forces can be adjusted.  If the default conditions above don't work for your cells, a good starting point for optimizing spins is to switch the 300g spins above to whatever you normally use when passaging your cells and add 200-300g to that for the higher g spins.
	
Longer spins at lower g-force may help with delicate or sticky cells.  Higher g-forces may be needed if your cells don't pellet well at the 300-400g used above.  If changing those parameters doesn't resolve problems, you can also adjust the permeabilization step:  reduce time or concentration of Igepal if your cells are overpermeabilized (i.e. lysed) or increase time if it is insufficient (we do not recommend increasing Igepal concentration).  A combination of reduced Igepal and longer time may offer more gentle permeabilization for delicate cells.

The core is collecting information on the performance of this protocol with various cell types and would be grateful to know what works best for your cells.  Over time, this should let us more easily advise all users the best way to permeabilize their cells.

Finally, this protocol looks deceptively straightforward but has a lot of subtlety to the timing and handling of cells.  Don't get discouraged if it doesn't work well the first few times.  It always improves with practice and we have yet to find a cell type that cannot be permeabilized.


7

