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4-thiouridine RNA labeling and harvest protocol

General Notes

The handling of the cells and the timings of labeling and harvest are all critical for getting good results.  Here are some general tips to help prepare high quality samples that will yield good data.

1. Plan to generate ~100ug of total RNA
RNA yield varies among cell types.  For example, ~100ug of total RNA can be extracted from:
· ~10M mESC (mouse embryonic stem cells)
· ~85M BMDM (bone marrow derived macrophages)
· ~20M Drosophila S2 cells
· ~12M HEK293T cells
· ~20M K562 cells
Adjust the number of cells used based on your specific cell type.
  
TIP: RNA yield can be determined using unlabeled cells grown under your experimental conditions.  The unlabeled RNA can also be used to test RNA fragmentation timing (which varies from experimenter to experimenter) and as a negative control for 4sU RNA enrichment.

2. Keep conditions uniform
It is crucial that all cells are labeled for the same duration and that all samples are handled the same across batches.  

CRITICAL: Cell density will affect the rate of label incorporation. To keep label incorporation consistent, aim to have cells at similar density (<70% confluent. DO NOT USE OVERGROWN CULTURE) and number for all samples. If your enrichment yields are low, consider increasing the 4sU concentration and reducing the fragmentation time. 

Stagger samples to make it easier to keep handling consistent across the experiment.  Handle only 1-2 samples at a time and never more than 4.  Try to distribute your conditions across handling batches so you are not handling all the samples from a single condition together. 
Here is an example of stagger schedule for a 4h treatment starting at 11 am with one treatment and one control plate being handled at the same per replicate: 
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3. Count carefully
You will rely on your counts from sentinel plate(s) for spiking and during data analysis, so it’s absolutely critical to obtain accurate numbers.  See details in the protocols below.

Reagents and Materials

1. 4-thiouridine (Millipore-Sigma #T4509 or equivalent) - Prepare 500 mM stock by adding nuclease-free water directly to the bottle (it will be slightly yellow).  Make single-use aliquots and store at -20°C protected from light.  4sU is sensitive to light and oxidation so discard any unused 500mM 4sU stock and leftover 4sU-containing media after use. For 100mg of 4sU, add 768.5uL of nuclease-free water to the bottle, resuspend completely and aliquot into storage tubes.  

2. TRIzol/QIAzol Use either QIAzol Lysis Reagent (which is supplied with the kit mentioned in “RNA Extraction Protocol” or ThermoFisher TRIzol reagent (#15596018) for RNA isolation. Both can be used with the columns described in “RNA Extraction Protocol”. 
3. 1X PBS
4. DMEM + 10% FBS
5. Trypsin or Accutase 
6. Low binding 1.5- or 2-mL microcentrifuge tubes

Protocol for adherent cells:

For adherent cells, it is recommended to plate the cells in the pm of the day before the treatment. This part of the protocol begins right before addition of 4sU and assumes that the treatment has already taken place. This approach simplifies cell handling prior to harvest and enables precise control of the end of labeling. It requires at least 2 identically seeded dishes of cells for each condition: one labeled with 4sU and one unlabeled "sentinel" plate for counting (4sU is expensive so do not add it to the counting plate).  

TIP: If multiple replicates are being harvested on the same day, a single sentinel plate may be used for that condition.  For example, if three replicates are being labeled with 4sU, only one unlabeled sentinel is needed for counting. Sentinel plates can be counted after the last replicates harvest (see below). 

Label plates in the following manner: 
1. 15 minutes before the completion of treatment time, thaw the required number of 4sU aliquots and keep them in dark. 
2. Add 500µM 4sU to the media in the plates (e.g., 10µL of 500mM stock in 10mL of media). When adding 4sU make sure to gently swirl flask around in figure-eight motion to ensure efficient mixing. 
3. Allow incorporation for desired time. 

CRITICAL: We suggest labeling for 10 minutes in most cases 

4. About ~2 min before the end of labeling, move the plates to be harvested to a fume hood. 
5. About ~1 min before the end of labeling:
(1) Aspirate media from the labeling plate and add QIAzol directly to the plate making sure that it comes into contact with all the cells. Incubate 2 minutes at room temperature. 
Optional: Wash your cells (VERY GENTLY) with PBS once after aspirating the media. However, this is not recommended for cells (like HEK293T) which are do not adhere well to the plate or dislodge easily. 

TIP: The volume of QIAzol to use depends on the size of your dish.  1500 µl is sufficient for a 15 cm dish.

(2) Using a cell scraper to help recover all the volume, transfer lysate to low-binding tubes.  The total volume recovered from a 15 cm dish will should be divided equally into to two separate low binding Eppendorf tubes (~750 µl each) 

The addition of QIAzol in above step halts transcription and marks the end of the labeling time.

6. Vortex the lysate to homogenize cells completely and flash freeze the lysates (doesn’t have to be flash frozen, straight storage to -80 is also fine). 

TIP: Flash frozen lysates can be stored at -80 for a month. 

7. ONLY FOR SENTINEL: Remove your sentinel plates for counting from the incubator, detach cells and count as follows: 
(1) Rinse cells once, gently, with a volume of room temperature 1X PBS equal to the volume of existing medium in the plate (5-10 mL for 15 cm plate). 
(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) Immediately transfer the cell suspension to a pre-chilled 50mL conical tube. Place tubes on ice.
(4) Pellet cells 300g for 4 min at 4ºC.
(5) Remove supernatant and resuspend cell pellets in 10 mL ice cold 1X PBS.
(6) Count cells. 

TIP: The concentration of cells in 5ml of 1X PBS is usually about right for counting from a 15 cm dish, but it may be necessary to dilute an aliquot further if starting with more than ~15M cells input.

(7) Pipet your cell suspension well to ensure they are in single cell suspension. First resuspend cells using p1000 pipet tip in 1 mL of PBS to break up cell clumps. Then add 4 mL of PBS (or whatever volume is appropriate) and mix with serological pipet. 
(8) Load each sample on both sides of an automatic cell counter slide and count twice, resulting in a total of four counts. If counts aren't close, mix the cell stock again and perform additional counts.
(9) If counts are out of range of your counter, dilute as necessary and recount.
8. ONLY FOR SENTINEL: Once the counts are performed, the cells from the sentinel plate can be then harvested. If you wish to perform western blots, you can either harvest directly into RIPA /SDS lysis buffer or can snap freeze as a cell pellet. 

9. Proceed to protocol for RNA Extraction



For suspension cells:

1. Evening before the experiment, plate the required number of cells in T75 flask (20 mL culture medium), including the required number of sentinels. 
2. Add drug to cells the required number of hours before the 4sU label/harvest.
3. Pipet 4sU stock directly into the medium to give a final concentration of 500 µM (e.g., 10µL of 500mM stock in 10mL of media).  Rock the flask briefly to evenly distribute the 4sU. 
4. Starting 1-2 min before the end of your labeling time, aliquot all cells in the suspension for harvest into one 50 ml falcon tube. 
5. Spin at 500x g for 2mins at RT. 
6. Aspirate the media and add 1500 µl and pipette up and down to lyse completely.
7.  Transfer to two low binding microfuge tubes. 
8. ONLY FOR SENTINEL: Re-suspend the cells with serological pipette. 
a. Pellet cells 300g for 4 min at 4ºC.
b. Aspirate the growth media. 
c. Pipet your cell suspension well to ensure they are in single cell suspension. First resuspend cells using p1000 pipet tip in 1 mL of PBS to break up cell clumps. Then add 4 mL of PBS (or whatever volume is appropriate) and mix with serological pipet. 
d. Load each sample on both sides of an automatic cell counter slide and count twice, resulting in a total of four counts. If counts aren't close, mix the cell stock again and perform additional counts.
e. If counts are out of range of your counter, dilute as necessary and recount.
9. ONLY FOR SENTINEL:  Once the counts are performed, the cells from the sentinel plate can be then harvested. If you wish to perform western blots, you can either harvest directly into RIPA /SDS lysis buffer or can snap freeze as a pellet. 
10. Proceed to calculate spike-in and add the spikes (which is pre-prepared TRIzol lysate from S2 cells at a concentration of 10M/ml and treated with 4sU for 2h). One can use “Spike_Calculation.xlsx” sheet for calculation of spikes. 
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