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Protocol: Purification of Total RNA from Animal Cells
using Spin Technology
This protocol requires the RNeasy Mini Kit.

Determining the correct amount of starting material

It is essential to use the correct amount of starting material to obtain optimal RNA yield
and purity. The minimum amount is generally 100 cells, while the maximum amount
depends on:

The RNA content of the cell type
The RNA binding capacity of the RNeasy spin column (100 µg RNA)
The volume of Buffer RLT required for efficient lysis (the maximum volume of Buffer
RLT that can be used limits the maximum amount of starting material to 1 x 107

cells)
RNA content can vary greatly between cell types. The following examples illustrate how
to determine the maximum amount of starting material:

COS cells have high RNA content (approximately 35 µg RNA per 106 cells). Do
not use more than 3 x 106 cells, otherwise the RNA binding capacity of the RNeasy
spin column will be exceeded.
HeLa cells have average RNA content (approximately 15 µg RNA per 106 cells).
Do not use more than 7 x 106 cells, otherwise the RNA binding capacity of the
RNeasy spin column will be exceeded.
NIH/3T3 cells have low RNA content (approximately 10 µg RNA per 106 cells).
The maximum amount of starting material (1 x 107 cells) can be used.

If processing a cell type not listed in Table 2 (page 17) and if there is no information
about its RNA content, we recommend starting with no more than 3–4 x 106 cells.
Depending on RNA yield and purity, it may be possible to increase the cell number in
subsequent preparations.
Do not overload the RNeasy spin column, as this will significantly reduce RNA yield and
purity.

Counting cells is the most accurate way to quantitate the amount of starting material.
As a guide, the number of HeLa cells obtained in various culture vessels after confluent
growth is given in Table 4.
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Table 4. Growth area and number of HeLa Cells in various culture vessels

Cell-culture vessel Growth area (cm2)* Number of cells†

Multiwell-plates

96-well 0.32–0.6 4–5 x 104

48-well 1 1 x 105

24-well 2 2.5 x 105

12-well 4 5 x 105

6-well 9.5 1 x 106

Dishes

35 mm 8 1 x 106

60 mm 21 2.5 x 106

100 mm 56 7 x 106

145–150 mm 145 2 x 107

Flasks

40–50 ml 25 3 x 106

250–300 ml 75 1 x 107

650–750 ml 162–175 2 x 107

* Per well, if multiwell plates are used; varies slightly depending on the supplier.
† Cell numbers are given for HeLa cells (approximate length = 15 µm), assuming confluent growth. Cell

numbers will vary for different kinds of animal cells, which vary in length from 10 to 30 µm.

Important points before starting

If using the RNeasy Kit for the first time, read “Important Notes” (page 16).
If working with RNA for the first time, read Appendix A (page 61).
Cell pellets can be stored at –70°C for later use or used directly in the procedure.
Determine the number of cells before freezing. Frozen cell pellets should be
thawed slightly so that they can be dislodged by flicking the tube in step 2.
Homogenized cell lysates from step 3 can be stored at –70°C for several months.
Frozen lysates should be incubated at 37°C in a water bath until completely
thawed and salts are dissolved. Avoid prolonged incubation, which may
compromise RNA integrity. If any insoluble material is visible, centrifuge for 5 min
at 3000–5000 x g. Transfer supernatant to a new RNase-free glass or
polypropylene tube, and continue with step 4.
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Buffer RLT may form a precipitate upon storage. If necessary, redissolve by
warming, and then place at room temperature (15–25°C).
Buffer RLT and Buffer RW1 contain a guanidine salt and are therefore not
compatible with disinfecting reagents containing bleach. See page 6 for safety
information.
Perform all steps of the procedure at room temperature. During the procedure,
work quickly.
Perform all centrifugation steps at 20–25°C in a standard microcentrifuge. Ensure
that the centrifuge does not cool below 20°C.

Things to do before starting

If purifying RNA from cell lines rich in RNases, we recommend adding
β-mercaptoethanol (β-ME) to Buffer RLT before use. Add 10 µl β-ME per 1 ml Buffer
RLT. Dispense in a fume hood and wear appropriate protective clothing. Buffer RLT
containing β-ME can be stored at room temperature (15–25°C) for up to 1 month.
Buffer RPE is supplied as a concentrate. Before using for the first time, add
4 volumes of ethanol (96–100%) as indicated on the bottle to obtain a working
solution.
If performing optional on-column DNase digestion, prepare DNase I stock solution
as described in Appendix D (page 67).

Procedure

1. Harvest cells according to step 1a or 1b.

1a. Cells grown in suspension (do not use more than 1 x 107 cells):
Determine the number of cells. Pellet the appropriate number of cells by
centrifuging for 5 min at 300 x g in a centrifuge tube (not supplied). Carefully
remove all supernatant by aspiration, and proceed to step 2.

Note: Incomplete removal of cell-culture medium will inhibit lysis and dilute the
lysate, affecting the conditions for binding of RNA to the RNeasy membrane. Both
effects may reduce RNA yield.
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1b. Cells grown in a monolayer (do not use more than 1 x 107 cells):
Cells can be either lysed directly in the cell-culture vessel (up to 10 cm diameter) or
trypsinized and collected as a cell pellet prior to lysis. Cells grown in cell-culture
flasks should always be trypsinized.

To lyse cells directly:
Determine the number of cells. Completely aspirate the cell-culture medium, and
proceed immediately to step 2.

Note: Incomplete removal of cell-culture medium will inhibit lysis and dilute the
lysate, affecting the conditions for binding of RNA to the RNeasy membrane. Both
effects may reduce RNA yield.
To trypsinize and collect cells:
Determine the number of cells. Aspirate the medium, and wash the cells with PBS.
Aspirate the PBS, and add 0.1–0.25% trypsin in PBS. After the cells detach from
the dish or flask, add medium (containing serum to inactivate the trypsin), transfer
the cells to an RNase-free glass or polypropylene centrifuge tube (not supplied),
and centrifuge at 300 x g for 5 min. Completely aspirate the supernatant, and
proceed to step 2.

Note: Incomplete removal of cell-culture medium will inhibit lysis and dilute the
lysate, affecting the conditions for binding of RNA to the RNeasy membrane. Both
effects may reduce RNA yield.

2. Disrupt the cells by adding Buffer RLT.

For pelleted cells, loosen the cell pellet thoroughly by flicking the tube. Add the
appropriate volume of Buffer RLT (see Table 5). Vortex or pipet to mix, and proceed
to step 3.

Note: Incomplete loosening of the cell pellet may lead to inefficient lysis and
reduced RNA yields.

Table 5. Volumes of Buffer RLT for lysing pelleted cells

Number of pelleted cells Volume of Buffer RLT (µl)

<5 x 106 350
5 x 106 – 1 x 107 600

For direct lysis of cells grown in a monolayer, add the appropriate volume of Buffer
RLT (see Table 6) to the cell-culture dish. Collect the lysate with a rubber policeman.
Pipet the lysate into a microcentrifuge tube (not supplied). Vortex or pipet to mix,
and ensure that no cell clumps are visible before proceeding to step 3.
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Table 6. Volumes of Buffer RLT for direct cell lysis

Dish diameter (cm) Volume of Buffer RLT (µl)*

<6 350
6–10 600

* Regardless of the cell number, use the buffer volumes indicated to completely cover the surface of the dish.

3. Homogenize the lysate according to step 3a, 3b, or 3c.

See “Disrupting and homogenizing starting material”, pages 18–21, for more
details on homogenization. If processing ≤1 x 105 cells, homogenize by vortexing
for 1 min. After homogenization, proceed to step 4.
Note: Incomplete homogenization leads to significantly reduced RNA yields and
can cause clogging of the RNeasy spin column. Homogenization with a rotor–
stator or QIAshredder homogenizer generally results in higher RNA yields than
with a syringe and needle.

3a. Pipet the lysate directly into a QIAshredder spin column placed in a 2 ml collection
tube, and centrifuge for 2 min at full speed. Proceed to step 4.

3b. Homogenize the lysate for 30 s using a rotor–stator homogenizer. Proceed to
step 4.

3c. Pass the lysate at least 5 times through a blunt 20-gauge needle (0.9 mm diameter)
fitted to an RNase-free syringe. Proceed to step 4.

4. Add 1 volume of 70% ethanol to the homogenized lysate, and mix well by
pipetting. Do not centrifuge.

Note: The volume of lysate may be less than 350 µl or 600 µl due to loss during
homogenization.
Note: When purifying RNA from certain cell lines, precipitates may be visible after
addition of ethanol. This does not affect the procedure.

5. Transfer up to 700 µl of the sample, including any precipitate that may have
formed, to an RNeasy spin column placed in a 2 ml collection tube (supplied). Close
the lid gently, and centrifuge for 15 s at ≥8000 x g (≥10,000 rpm). Discard the
flow-through.*

Reuse the collection tube in step 6.
If the sample volume exceeds 700 µl, centrifuge successive aliquots in the same
RNeasy spin column. Discard the flow-through after each centrifugation.*
Optional: If performing optional on-column DNase digestion (see “Eliminating
genomic DNA contamination”, page 21), follow steps D1–D4 (page 67) after
performing this step.

* Flow-through contains Buffer RLT or Buffer RW1 and is therefore not compatible with bleach. See page 6
for safety information.
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6. Add 700 µl Buffer RW1 to the RNeasy spin column. Close the lid gently, and
centrifuge for 15 s at ≥8000 x g (≥10,000 rpm) to wash the spin column
membrane. Discard the flow-through.*

Reuse the collection tube in step 7.
Note: After centrifugation, carefully remove the RNeasy spin column from the
collection tube so that the column does not contact the flow-through. Be sure to
empty the collection tube completely.
Skip this step if performing optional on-column DNase digestion (page 67).

7. Add 500 µl Buffer RPE to the RNeasy spin column. Close the lid gently, and
centrifuge for 15 s at≥8000 x g (≥10,000 rpm) to wash the spin column membrane.
Discard the flow-through.

Reuse the collection tube in step 8.
Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to
Buffer RPE before use (see “Things to do before starting”).

8. Add 500 µl Buffer RPE to the RNeasy spin column. Close the lid gently, and
centrifuge for 2 min at≥8000 x g (≥10,000 rpm) to wash the spin column membrane.

The long centrifugation dries the spin column membrane, ensuring that no ethanol
is carried over during RNA elution. Residual ethanol may interfere with
downstream reactions.
Note: After centrifugation, carefully remove the RNeasy spin column from the
collection tube so that the column does not contact the flow-through. Otherwise,
carryover of ethanol will occur.

9. Optional: Place the RNeasy spin column in a new 2 ml collection tube (supplied),
and discard the old collection tube with the flow-through. Close the lid gently, and
centrifuge at full speed for 1 min.

Perform this step to eliminate any possible carryover of Buffer RPE, or if residual
flow-through remains on the outside of the RNeasy spin column after step 8.

10. Place the RNeasy spin column in a new 1.5 ml collection tube (supplied). Add
30–50 µl RNase-free water directly to the spin column membrane. Close the lid
gently, and centrifuge for 1 min at ≥8000 x g (≥10,000 rpm) to elute the RNA.

11. If the expected RNA yield is >30 µg, repeat step 10 using another 30–50 µl RNase-
free water, or using the eluate from step 10 (if high RNA concentration is required).
Reuse the collection tube from step 10.

If using the eluate from step 10, the RNA yield will be 15–30% less than that
obtained using a second volume of RNase-free water, but the final RNA
concentration will be higher.

* Flow-through contains Buffer RLT or Buffer RW1 and is therefore not compatible with bleach. See page 6
for safety information.


