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1.

Description

The PureYield™ RNA Midiprep System(a) is designed to quickly and easily isolate high yields of pure total RNA from
essentially any sample type and virtually eliminates the copurification of DNA (1). The streamlined, universal protocol
uses the PureYield™ silica-membrane technology to isolate intact RNA ranging in size from less than 200 bases to
greater than 20kb (2). High-quality total RNA is isolated with minimal effort for a wide range of applications.
Note: This system has not been developed to isolate RNA from chemically preserved samples (e.g., formalin-fixed or
paraffin-embedded tissues).
The PureYield™ RNA Midiprep System provides many unique features to purify total RNA without using DNase
treatment, phenol:chloroform extractions, protease digestions or alcohol precipitations. Most common total RNA
isolation methods yield RNA that is contaminated with some genomic DNA unless DNase treatment is performed.
This contamination can interfere with sensitive methods, such as RT-PCR, real-time qRT-PCR and microarray analysis.
DNase treatment can be used to reduce or eliminate contaminating DNA from purified RNA; however, this requires
additional steps. There is also a risk of losing valuable samples due to the introduction of ribonucleases.
The PureYield™ RNA Midiprep System avoids these problems by selectively removing DNA prior to total RNA isolation,
using the unique PureYield™ Clearing Agent, which preferentially binds DNA, leaving the RNA virtually free of DNA,
as measured by real-time qPCR. Either a centrifugation protocol (using a swinging bucket rotor) or a vacuum protocol
can be used. Up to 5 × 107 tissue culture cells, 300mg of plant or animal tissue, 1 × 1010 bacterial cells, 5 × 108 yeast
cells, or 20ml of blood can be processed per column. The procedure is easy to perform and can be used to isolate
multiple RNA samples in less than 2 hours. See Figure 1.
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1.
2.
3.
4.
5.

Prepare lysate.
Add RNA Dilution Buffer. Mix.
Add Clearing Agent. Mix and vortex.
Incubate at 70°C for 5 minutes.
Cool for 5 minutes.

1. Transfer mixture to PureYield™
Clearing Column in collection tube.
2. Centrifuge to clear the lysate.

1. Add isopropanol to the
cleared lysate.
2. Mix and transfer to
PureYield™ Binding Column.

Centrifuge (Spin)

Vacuum (Vac)

1. Centrifuge.
2. Wash 2X.
3. Centrifuge
10 minutes
to dry.

1. Transfer PureYield™ Binding
Column to 50ml collection tube.
2. Add Nuclease-Free Water
and incubate 2 minutes.
3. Centrifuge 3 minutes to elute
pure RNA.

5124MA

1. Apply vacuum.
2. Wash 2X.
3. Dry 3 minutes.

Figure 1. Overview of the PureYield™ RNA Midiprep System protocol.
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2.

Product Components and Storage Conditions

PRODUCT

PureYield™ RNA Midiprep System

SIZE

C A T. #

50 preps

Z3741

SIZE

C A T. #

10 preps

Z3740

SIZE

C A T. #

2 preps

Z3742

Each system contains sufficient reagents for 50 purifications. Includes:
•
100ml
•
220ml
•
55ml
• 2 × 900µl
• 3 × 206ml
•
150ml
• 10 × 5 each
• 10 × 5 each

RNA Lysis Buffer (RLA)
RNA Dilution Buffer (RDB) (Blue)
Clearing Agent (CAA)
β-Mercaptoethanol (BME) (97.4%)
RNA Wash Solution (RWA)
Nuclease-Free Water
PureYield™ Clearing Columns (Blue)
PureYield™ Binding Columns (Clear)

PRODUCT

PureYield™ RNA Midiprep System

Each system contains sufficient reagents for 10 purifications. Includes:
•
•
•
•
•
•
•
•

50ml
44ml
11ml
900µl
206ml
25ml
2 × 5 each
2 × 5 each

RNA Lysis Buffer (RLA)
RNA Dilution Buffer (RDB) (Blue)
Clearing Agent (CAA)
β-Mercaptoethanol (BME) (97.4%)
RNA Wash Solution (RWA)
Nuclease-Free Water
PureYield™ Clearing Columns (Blue)
PureYield™ Binding Columns (Clear)

PRODUCT

PureYield™ RNA Midiprep System Sample Kit

Each system contains sufficient reagents for 2 purifications. Includes:
•
5ml
•
9ml
•
4ml
•
900µl
• 2 × 11.8ml
• 2 × 1.25ml
• 1 × 2 each
• 1 × 2 each
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RNA Lysis Buffer (RLA)
RNA Dilution Buffer (RDB) (Blue)
Clearing Agent (CAA)
β-Mercaptoethanol (BME) (97.4%)
RNA Wash Solution (RWA)
Nuclease-Free Water
PureYield™ Clearing Columns (Blue)
PureYield™ Binding Columns (Clear)
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Note: The RNA Dilution Buffer (RDB) is colored blue so that it can be distinguished easily from other solutions. The
dye has no effect on the quality or downstream performance of the RNA. To differentiate the PureYield™ Clearing and
PureYield™ Binding Columns, the Clearing Columns are blue, while the Binding Columns are clear.
Storage Conditions: Store the β-Mercaptoethanol at 4°C. Once prepared, store the Lysis Solution (RNA Lysis Buffer
[RLA] + β-Mercaptoethanol) at 4°C. See Section 3.C for more information. Store all other components at room
temperature (15–30°C). Please see the expiration information on the kit label.

!

Caution: RNA Lysis Buffer (RLA) contains guanidine thiocyanate, which is an irritant. Wear gloves and follow
standard safety procedures while working with this solution. As always, wearing gloves will minimize the introduction
of RNase into materials.
Lysis Solution contains guanidine thiocyanate and β-Mercaptoethanol, which are toxic. Wear gloves and follow
standard safety procedures while working with these solutions. Note: Bleach reacts with guanidine thiocyanate and
should not be added to any sample waste containing Lysis Solution.
Available Separately
PRODUCT

RNA Lysis Buffer (RLA)

SIZE

C A T. #

50ml

Z3051

Red Blood Cell Lysis Solution (CLB)

200ml

Z3141

RNA Wash Solution (RWA)

58.8ml

Z3091

Naming Conventions: Throughout this Technical Manual, the solutions supplied with the PureYield™ RNA Midiprep
System are referred to as follows: RNA Lysis Buffer (RLA) as RNA Lysis Buffer, RNA Dilution Buffer (RDB) as
RNA Dilution Buffer, Clearing Agent (CAA) as Clearing Agent, RNA Wash Solution (RWA) as RNA Wash Solution and
Red Blood Cell Lysis Solution (CLB) as Red Blood Cell Lysis Solution. Once prepared (Section 3.C), the RNA Lysis
Buffer (RLA) with BME added is referred to as Lysis Solution.
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3.

Before You Begin

3.A. Protocol Overview
The PureYield™ RNA Midiprep System can be used to isolate total RNA from virtually any sample type by modifying
the lysis procedure. Protocols for total RNA isolation from cultured cells, tissues, bacteria, yeast, plants, blood and
previously purified RNA are provided in this manual. Recommended sample amounts and processing capacities are
provided in Table 1. The protocol also can be adapted for other sample types by following the guidelines and
recommendations in Section 10.H.
The protocol has four basic steps:
1.

Sample Preparation: The sample is homogenized in Lysis Solution to inactivate ribonucleases and
release the RNA into solution. Sample preparation protocols are provided in Section 4. Samples that are
homogenized in Lysis Solution may be stored at –70°C. For valuable samples, we suggest that a portion of each
be reserved at –70°C in the event that loss occurs during RNA purification. Frozen samples and lysates are stable
for more than 1 year at –70°C.

2.

Lysate Clearing: During the lysate clearing step genomic DNA and sample debris are removed. A swinging
bucket rotor is required for this step. The lysate clearing procedure is provided in Section 5.

3.

RNA Purification: Total RNA is purified using the PureYield™ Binding Column to remove proteins, salts and
impurities. Protocols are provided in Section 6 for RNA purification using centrifugation (spin) or vacuum (vac)
formats.

4.

Elution: The purified total RNA is eluted in Nuclease-Free Water, ready for downstream applications.
A swinging bucket rotor is required for this step.

Due to the toxicity of the chemicals used in the RNA purification procedure and the prevalence of RNases, wear gloves
throughout the lysis and purification procedures.
Refer to Section 10.A for additional information on the PureYield™ RNA Midiprep method. Basic information on
sample preparation and RNA isolation can be found in Section 10.
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3.B. Processing Capacity
The PureYield™ RNA Midiprep System has been developed and optimized for total RNA isolation from samples with a
broad spectrum of RNA expression levels (Tables 1 and 2). For most tissues, 300mg of sample can be processed per
purification. Tissues that are more prone to DNA contamination, such as kidney and spleen, are processed in smaller
amounts (200mg and 150mg, respectively). Note that the yield of total RNA varies widely, depending on the sample type.
For larger sample amounts or for increased total RNA yields, multiple isolations can be performed. The volume of Lysis
Solution should be scaled up proportionally if the sample size exceeds the maximum sample size shown in Table 1. For
samples that are not listed in Table 1, choose the most similar sample type and refer to Sections 4 and 10.H for
guidelines. The lysate volume for all sample types is 2ml per column. Lysates of more than 2ml should be split into 2ml
aliquots for isolation. See Section 4 for more information.
Table 1. Recommended Maximum Sample Amounts for Preparing Lysates.
Approximate Wet
Weight of Organ
from a 30g Mouse1

Maximum Sample
Capacity per Isolation2

Maximum Lysate
Concentration per Milliliter
of Lysis Solution3

Liver

940mg

300mg

150mg/ml

Kidney

210mg

200mg

100mg/ml

Muscle

—

300mg

150mg/ml

Spleen

90mg

150mg

75mg/ml

Heart

150mg

300mg

150mg/ml

Brain

463mg

300mg

150mg/ml

Lung

200mg

300mg

150mg/ml

Tissue Culture Cells

N/A

5 × 10 cells

2.5 × 107 cells/ml

Bacteria

N/A

1 × 1010 cells4

5 × 109 cells/ml

Plant Tissue

N/A

300mg

150mg/ml

Yeast

N/A

5 × 10 cells

2.5 × 108 cells/ml

Blood

N/A

20ml

N/A

Sample Type

7

8

4

Provided for reference. An approximate wet weight of all muscle types is not given.

1

The maximum sample capacity is recommended for optimal removal of genomic DNA. Exceeding these amounts risks
overloading the DNA removal step, resulting in some DNA copurifying with the RNA. The maximum sample capacities are
provided in terms of wet weight and are applicable to other sources of the same tissue. For sample types that are not listed,
see Section 10.H.
2

The maximum volume of lysate that can be processed is 2ml per column.

3

May vary by strain. When processing a strain for the first time, use no more than 50% of the recommended maximum.

4

N/A = Not applicable.
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Table 2. Average Yields of Total RNA Isolated from Tissues.
Sample Amount / Maximum
Sample Capacity

Average Yield
per Prep (µg)1

Average
A260/A230 Ratio

Average
A260/A280 Ratio

Rat Tissues
Liver

300mg

990.7

1.8

1.9

Lung

300mg

193.9

2.0

2.1

Sample Type

Kidney

200mg

329.0

2.3

2.1

Spleen

150mg

430.9

2.3

2.1

Brain

300mg

305.5

2.3

2.1

Heart

300mg

255.3

2.2

2.1

Muscle

300mg

115.1

2.1

2.1

1 × 1010 cells

782.7

2.5

2.1

300mg

87.8

1.5

2.1

Cell Lines
HEK 293T

5 × 107 cells

453.3

2.1

1.9

HeLa

5 × 107 cells

329.2

1.8

2.0

Blood

20ml (10ml/tube)

~10*

*

*

Bacteria
E. coli
Plant Tissue
Canola leaf

The values represent means of results achieved at Promega. Yields will depend on the metabolic state of the sample, culture
conditions, harvesting conditions and sample preparation. The average total RNA yield shown is from a 1ml elution.
1

*Varies by white cell count. A white cell count of ~5 × 106 cells/ml yields ~10µg of total RNA.
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3.C. Equipment Requirements and Solution Preparation
Materials to Be Supplied by the User
(Solution compositions are provided in Section 10.K.)
•

rotor-stator tissue homogenizer (e.g., Tissue-Tearor™, BioSpec Products, Inc.)
(or see Section 10.C for other homogenization methods)

•

Corning®, Fisher or BD Falcon™ brand disposable polypropylene 50ml, screw-cap, conical centrifuge tubes with
flat-top caps (2–3 tubes per prep).
Note: 50ml tubes with plug-seal caps may be used. However, the plug-seal caps (e.g., Corning® Cat.# 430290)
are not compatible with the PureYield™ Columns and cannot be sealed during centrifugation. Use flat-top
capped tubes (e.g., Fisher Cat.# 05-539-13) if cross-contamination is a concern.

•

Corning®, Fisher or BD Falcon™ brand disposable, polypropylene 15ml, screw-cap, conical centrifuge tubes
with plug-seal (e.g., Corning® Cat.# 430052) or flat-top caps (1 tube per prep)

•
•
•
•

ethanol, 95%, RNase-free
isopropanol (2-propanol), RNase-free
centrifuge capable of 2,000 × g
swinging bucket rotor, with adapters for 50ml conical centrifuge tubes
Note: Adapters are available for conical or round-bottom tubes. For the recommended 50ml tubes, a conical
bottom provides more support and a higher Relative Centrifugal Force (RCF) rating than a round bottom.
Improper support or reuse of disposable centrifuge tubes could lead to tube failure. Consult the manufacturer
for the tube RCF ratings.
heating block or water bath, preheated to 70°C (for 15ml tubes; a suitable range is 65–75°C)
low binding (i.e., siliconized), sterile, RNase-free microcentrifuge tubes
aerosol-resistant pipette tips (e.g., ART® tips)

•
•
•

Vacuum Protocol (Optional)
(For protocol information see Section 6.B.)
•

vacuum manifold (e.g., Vac-Man® Laboratory Vacuum Manifold [Cat.# A7231]
or Vac-Man® Jr. Laboratory Vacuum Manifold [Cat.# A7660])

•

vacuum source (e.g., vacuum pump, single- or double-stage, producing a pressure of approximately 38.1cm Hg
(15 inches Hg), such as a GAST oil-less diaphragm-type pressure/vacuum pump)

Specialized Materials for Various Sample Types
•
10X phosphate-buffered saline (PBS), sterile (Section 4.B, Cultured Cells)
•
1X trypsin-EDTA solution (Section 10.G, Working with Adherent Cells)
•
sterile cell scraper (Section 10.G, Working with Adherent Cells)
•
•
•
•
•

Red Blood Cell Lysis Solution (Cat.# Z3141, or see Section 10.K for recipe)
(Section 4.F, Preparing Lysates from Blood)
lysozyme (Section 4.C, Gram-Negative and Gram-Positive Bacteria)
TE buffer, nuclease-free (Section 4.C, Gram-Negative and Gram-Positive Bacteria)
1M sorbitol/0.1M EDTA (pH 7.4), sterile solution (Section 4.D, Preparing Lysates from Yeast)
lyticase or zymolyase (Section 4.D, Preparing Lysates from Yeast)
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Specialized Materials for Various Sample Types (continued)
•
dry ice/ethanol bath (Section 10.E, Harvesting and Freezing Samples)
•
dry ice (Section 10.F, Working with Frozen Samples)
•

liquid nitrogen (Section 4.E, Preparing Lysates from Plant Tissue,
and Section 10.E, Harvesting and Freezing Samples)

•

mortar and pestle (Section 4.E, Preparing Lysates from Plant Tissue,
and Section 10.C, Methods of Homogenization)

Preparation of PureYield™ RNA Midiprep System Solutions
Prior to beginning the PureYield™ RNA Midiprep System protocol, prepare the Lysis Solution and RNA Wash
Solution. The Lysis Solution should be ice-cold (4°C) for preparing lysates.
Solution

Preparation Steps

Notes

(50 preps; Cat.# Z3741)

Add 1ml of β-Mercaptoethanol (BME)
to 100ml of RNA Lysis Buffer (RLA).

(10 preps; Cat.# Z3740)

Add 0.5ml of β-Mercaptoethanol to
50ml of RNA Lysis Buffer (RLA).

Perform this step in a fume hood. After
adding BME, record the date on the bottle
and mark the bottle to indicate that you have
performed this step. Store the RNA Lysis
Buffer + BME at 4°C.

Lysis Solution

(2 preps; Cat.# Z3742)

Add 50µl of β-Mercaptoethanol to
5ml of RNA Lysis Buffer (RLA).

The RNA Lysis Buffer + BME is stable for
approximately 1 month at 4°C. For longer
storage, store the BME separately at 4°C and
add 10µl/ml BME to aliquots of RNA Lysis
Buffer (RLA) before use.

RNA Wash Solution
(50 preps; Cat.# Z3741)

Add 350ml of 95% ethanol to each
bottle containing 206ml concentrated
RNA Wash Solution (RWA).

(10 preps; Cat.# Z3740)

Add 350ml of 95% ethanol to the bottle
containing 206ml concentrated RNA
Wash Solution (RWA).

(2 preps; Cat.# Z3742)

Add 20ml of 95% ethanol to each bottle
containing 11.8ml concentrated RNA
Wash Solution (RWA).

10

After adding ethanol, mark on the bottle that
you have performed this step. The reagent is
stable at 15–30°C when tightly capped.
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4.

Preparing Sample Lysates

The lysate preparation protocols provided in this section are written for homogenization using a rotor-stator homogenizer.
Step-by-step guidelines are provided for homogenization of tissue samples, cultured cells, adherent cells, bacteria,
yeast and blood. Cleanup of previously purified RNA is described in Section 4.G. For other sample types, see Section
10.H. Other methods of homogenization may be used and are discussed in Section 10.C.
For best results, use fresh or frozen samples when processing tissues. Older samples may give lower yields of total RNA
that is degraded. See Section 10.E for information on harvesting and freezing samples. Fresh tissues may be flash
frozen in liquid nitrogen and stored at –70°C for future use. Prepared lysates may be stored at –70°C.

!

Use RNase-free pipettes and wear gloves to reduce the chance of RNase contamination.

!

When processing infectious samples, tissues or blood, exercise universal precautions for handling and disposing of
biohazardous materials. See cautions on page 5 for additional safety information.

!

Do not exceed the recommended amount of sample per isolation or genomic DNA contamination may result.
4.A. Preparing Lysates from Tissue Samples
This protocol describes the lysis and homogenization of tissues using 2ml of Lysis Solution. Table 1 (Section 3.B)
provides recommendations for preparing lysates. For tissues that are not listed, follow the recommendations for the
most similar sample type or limit the tissue amount to 150mg per isolation. Samples larger than the recommended
maximum amount should be homogenized in a larger volume of Lysis Solution. The RNA Lysis Buffer (RLA)
(Cat.# Z3051) is available separately. Do not exceed the maximum suggested lysate concentrations. Smaller lysate
concentrations may be used for smaller samples. When preparing lysates, work quickly and keep samples on ice. If it
is not feasible to use fresh samples, frozen samples may be used (see Sections 10.E and 10.F). See Section 10.D for
additional information on preparing lysates.

!

The Lysis Solution should be ice cold (4°C) for preparing lysates.
1.

Confirm that BME has been added to the RNA Lysis Buffer (Section 3.C) and chill on ice. Transfer 2ml of ice
cold Lysis Solution to the tube in which your sample will be homogenized. Label the tubes to maintain sample
identity.
Note: Disposable, polypropylene, 50ml centrifuge tubes work well for homogenization. See Section 10.C for
recommendations.

2.

Record the weight of the tube containing the Lysis Solution.

3.

Excise the tissue of interest, and place it in the tube containing the Lysis Solution. Work as quickly as possible.
Homogenize the tissue at high speed using a homogenizer (e.g., BioSpec Tissue-Tearor™) until no visible tissue
fragments remain.
Note: Foam may be generated but will not interfere with the RNA isolation process. If the homogenate is foamy,
place it on ice to settle.

!

Incomplete lysis will result in lower RNA yields.
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4.A. Preparing Lysates from Tissue Samples (continued)
4.

Weigh the tube containing the lysate. Calculate the approximate tissue mass by subtracting the weight obtained
in Step 2 from this new weight. Adjust the lysate concentration if it exceeds the recommendations in Table 1
(Section 3.B). The ratio of tissue mass to Lysis Solution should be 150mg/ml or less, depending on the tissue
type. If necessary, add additional Lysis Solution to achieve the recommended concentration. If tissue fragments
are visible, rehomogenize until lysis is complete.

5.

Incubate the lysates on ice for 10 minutes to complete the lysis.
Note: Some lysed samples (e.g., spleen) contain a large amount of nucleic acid, cellular debris and protein,
which causes a very thick lysate. If the sample is too viscous to pipet easily, double the amount of Lysis Solution
and rehomogenize the lysate to ensure complete lysis.

6.

Proceed to Section 5, Lysate Clearing.

4.B. Preparing Lysates from Cultured Cells
This protocol describes the lysis and homogenization of tissue culture cells from suspension or adherent cultures.
Protocols for harvesting adherent cells by trypsinization or scraping are provided in Section 10.G. Use 1–5 × 107 cells
per isolation. Samples exceeding the recommended maximum can be homogenized in a larger volume of Lysis Solution
(RNA Lysis Buffer is available separately; Cat.# Z3051). It is important not to exceed the maximum suggested lysate
concentrations (see Table 1, Section 3.B). The working volume is 2ml per column. Work quickly, and keep samples on
ice. If it is not feasible to use freshly harvested cells, freeze the harvested cell pellet in a dry ice/ethanol bath and store
at –70°C (see Sections 10.E and 10.F). See Section 10.D for additional information on preparing lysates. Label tubes
to maintain sample identity.
1.

Confirm that BME has been added to the RNA Lysis Buffer (Section 3.C) and chill on ice. Harvest adherent cells,
following the protocols in Section 10.G for Adherent Cells. For suspension cells, proceed to Step 2.
Note: Disposable, polypropylene, 50ml centrifuge tubes work well for homogenization. See Section 10.C for
recommendations. Use RNase-free pipettes and wear gloves to reduce the chance of RNase contamination.

2.

Working quickly, collect 1–5 × 107 cells in a sterile 50ml conical centrifuge tube by centrifugation at 300 × g for
5 minutes at 4–23°C. Gently wash the cell pellet with 25ml of sterile, ice-cold 1X PBS. Centrifuge at 300 × g for
5 minutes to collect the cells. Immediately discard the supernatant, and place the sample on ice.

3.

Add 2ml of ice-cold Lysis Solution to the cell pellet. Vortex the sample to disperse the cells. As the cells lyse, a
gelatinous mass may form. If clumps are visible, homogenize the lysate at high speed using a homogenizer (such
as a BioSpec Tissue-Tearor™) to completely lyse the cells. If the homogenate is foamy, place the tube on ice and
allow the foam to dissipate.

4.

Incubate the lysate on ice for 10 minutes to complete the lysis.

!

Incomplete lysis will result in low RNA yields.
5.

12

Proceed to Section 5, Lysate Clearing.
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4.C. Preparing Lysates from Gram-Positive (B. subtilis) and Gram-Negative (E. coli) Bacteria
The lysis step can be tailored to the type of bacteria by selecting the appropriate conditions for sample disruption.
See Section 10.C for suggestions on preparing lysates without the use of lytic enzymes.
Materials to Be Supplied by the User
(Solution compositions are provided in Section 10.K.)
•
TE buffer
•
lysozyme
1.

Inoculate 10ml of growth medium with a single colony of your bacterial sample. Incubate overnight at the
appropriate temperature with shaking. Do not use the overnight culture directly for RNA isolation; instead use
it to inoculate a fresh culture as described in Step 2.

2.

Dilute the overnight culture 1:50 and grow to an optical density (O.D.600) of 0.6–1.0 by spectrophotometry.
This should only take a few hours. If growth is too slow, reduce the dilution factor by adding a larger volume of
inoculum to fresh medium.
Note: The doubling time of E. coli is approximately 20 minutes in rich medium. The growth rate depends on
the growth medium, temperature, strain and degree of oxygenation. For most purposes, the culture should be
harvested in mid-log phase. A stationary phase E. coli culture generally contains 1–2 × 109 cells/ml, depending
on the culture medium and aeration.

3.

Transfer a volume of culture containing a maximum of 1 × 1010 cells to a centrifuge tube. Centrifuge at 5,500 × g
for 5 minutes at 4°C. Carefully remove the supernatant, leaving the cell pellet as dry as possible.

4.

Resuspend the cell pellet in 1ml of freshly prepared TE buffer containing lysozyme. Do not exceed 1ml per prep.
Tap gently to mix.
Note: For Gram-positive bacteria use 3mg/ml lysozyme; for Gram-negative bacteria, use 0.4mg/ml lysozyme.

5.

Incubate the resuspended cells at room temperature. For Gram-positive bacteria, incubate the cells for
5–10 minutes; for Gram-negative bacteria, incubate the cells for 3–5 minutes.

6.

Add 1ml of Lysis Solution containing BME. Vortex vigorously until lysis is complete and no clumps are present.
Incubate on ice for 10 minutes to complete the lysis.
Optional: Homogenize the lysate at high speed, using a rotor-stator homogenizer (such as a BioSpec TissueTearor™) until no visible clumps remain (see Section 10.D for additional information on preparing lysates).

7.

Proceed to Section 5, Lysate Clearing.
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4.D. Preparing Lysates from Yeast
This protocol is written for S. cerevisiae. The lysis step can be tailored to the type of yeast by selecting the appropriate
enzymes and digestion conditions to form spheroplasts. See Section 10.C for suggestions on preparing lysates without
the use of lytic enzymes.
Materials to Be Supplied by the User
(Solution compositions are provided in Section 10.K.)
•
lyticase or zymolyase
•
1M sorbitol/0.1M EDTA (pH 7.4) sterile solution
1.

Inoculate 10ml of growth medium with a yeast sample (e.g., single colony). Incubate overnight at the appropriate
temperature with shaking. Do not use the overnight culture directly for RNA isolation; instead use it to inoculate
a fresh culture as described in Step 2.

2.

Dilute the overnight culture 1:50, and grow to an optical density (O.D.600) of 0.6–1.0 by spectrophotometry.
This will take a number of hours. If growth is too slow, reduce the dilution factor by adding a larger volume of
inoculum to fresh medium.
Note: The doubling time of S. cerevisiae is generally 90–140 minutes, depending on the strain and growth
conditions. A culture with an O.D.600 of 1.0 contains approximately 3 × 107 cells/ml. For most purposes, the
culture should be harvested in mid-log phase (1–5 × 107 cells/ml; 4).

3.

Transfer a volume of culture, containing up to 5 × 108 cells, to a centrifuge tube. Centrifuge at 5,500 × g for
5 minutes at 4°C to pellet the cells. Carefully remove the supernatant, leaving the pellet as dry as possible.

4.

Resuspend the cell pellet in 1ml of the following solution:
1M sorbitol
0.1M EDTA (pH 7.4)
Just before use, add 0.1% BME and 50 units of lyticase or zymolyase.
Note: The volume should not exceed 1ml per prep.

5.

Incubate at 30°C for 15–30 minutes until the solution appears clear.

6.

Add 1ml of Lysis Solution (containing BME) to the sample to lyse the spheroplasts. Vortex until homogeneous.
Incubate the lysate on ice for 10 minutes to complete the lysis.
Optional: Homogenize the lysate at high speed, using a homogenizer (such as a BioSpec Tissue-Tearor™) until
no visible clumps remain (see Section 10.C for additional information on homogenization).

7.
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4.E. Preparing Lysates from Plant Tissue
Materials to Be Supplied by the User
•
liquid nitrogen
•
mortar and pestle
1.

Freeze the plant tissue in liquid nitrogen. Grind the tissue into a fine powder using a mortar and pestle. Add
additional liquid nitrogen as needed. Work quickly to prevent thawing.

2.

Add 300mg of ground tissue to 2ml of Lysis Solution (containing BME). Vortex and incubate at ambient
temperature for 10 minutes to allow sample lysis.

3.

Proceed to Section 5, Lysate Clearing.

4.F. Preparing Lysates from Blood
The PureYield™ RNA Midiprep System can be used to isolate total RNA from 10–20ml of blood. The red blood cells
(RBCs; erythrocytes) are selectively lysed, using a hypotonic solution (Red Blood Cell Lysis Solution (Cat.# Z3141) or
as prepared in Section 10.K). This allows the leukocytes (white blood cells; WBCs) to be collected by centrifugation.
After several washes, interfering iron and hemoglobin are removed from the anuclear RBCs, leaving purified leukocytes
for RNA isolation.
Typically, there are 4 × 106 to 1 × 107 leukocytes per milliliter of healthy human blood. Blood is drawn into an
evacuated tube, containing an anticoagulant (e.g., EDTA, citrate or heparin), to prevent clotting. Freshly drawn
samples should be used for the best results. Typical yields obtained are approximately 0.75–1.50µg total RNA per
milliliter of blood (see Table 2, Section 3.B). The actual amount of RNA obtained will vary, depending on the leukocyte
count, disease state and pathogen titer of the sample. The total RNA yield and integrity will also decrease over time if
the whole blood is stored. See Section 10.E for information on flash freezing the purified leukocytes. The prepared
lysate also may be stored at –70°C.

!

Practice universal precautions when handling blood or blood products. Dispose of biohazardous waste properly.
Bleach reacts with guanidine thiocyanate and should not be added to any sample waste that contains Lysis Solution.
Hypotonic Lysis of RBCs
Materials to Be Supplied by the User
(Solution compositions are provided in Section 10.K)
•
Red Blood Cell Lysis Solution (Cat.# Z3141)
1.

Prepare the PureYield™ RNA Midiprep System solutions as in Section 3.C Chill the Lysis Solution on ice.

2.

Carefully transfer 10ml of whole blood (collected in EDTA, citrate or heparin anticoagulant tubes) into a sterile,
capped, 50ml centrifuge tube. Use multiple tubes for larger volumes.
Note: The tube should easily accommodate a volume four times the volume of the blood. Centrifugation of blood
in the original collection tubes is not recommended; the tubes may break if they are not centrifuged properly.
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4.F. Preparing Lysates from Blood (continued)
3.

Collect blood cells by centrifugation at 400 × g for 5 minutes to generate a relatively clear supernatant
(approximately 30% of the volume) and a large cell pellet (about 60–70% of the total volume). Remove the
supernatant (plasma) by carefully pipetting from the top of the sample. Be careful not to disturb the cell pellet,
which contains RBCs and WBCs. Leave the remaining supernatant and cell pellet in the tube. Note that the
plasma should be yellow but may be red due to the lysis of RBCs.

4.

Add 20ml of Red Blood Cell Lysis Solution and resuspend the pellet by gently pipetting 4–5 times.

5.

Centrifuge at 400 × g for 5 minutes to collect the leukocytes. Carefully withdraw the red supernatant from the
cell pellet using a pipet and discard appropriately. Do not disturb the cell pellet. The pellet may be red due to
residual RBCs.
Note: Because leukocytes constitute approximately 1% of total blood volume, the size of the cell pellet will
decrease significantly during the red blood cell lysis procedure. Use caution to avoid loss of the leukocytes.

6.

Repeat Steps 4 and 5 until a white cell pellet is obtained (or for a total of 3 times). Add the same volume of Red
Blood Cell Lysis Solution each time.

7.

Remove as much of the supernatant as possible, being careful to avoid the cell pellet.

8.

Add 2ml of ice-cold Lysis Solution (containing BME) to the cell pellet. Lyse the cells by vortexing or using a
rotor-stator homogenizer. As the cell pellet lyses, a gelatinous mass may form. Homogenize the sample until no
clumps are visible.
Note: Foam may be generated but will not interfere with the RNA isolation process. If the homogenate is foamy,
it may be placed on ice to settle.

9.

Incubate the lysate on ice for 10 minutes to complete the lysis.

10.

Proceed to Section 5, Lysate Clearing

4.G. Cleanup of RNA Samples
Purified RNA samples can be cleaned up using the PureYield™ RNA Midiprep System to remove contaminating DNA,
proteins and other impurities (2). The modified protocol can be used to purify RNA, starting with any of the following:
•
the upper aqueous phase of an organic extraction, such as TRIzol® reagent
•
•

an RNA pellet from alcohol precipitation
purified RNA in aqueous solution

Direct purification of RNA from the aqueous phase of an organic extraction is the fastest protocol, but the maximum
volume that can be purified is 1.0ml per prep. If the aqueous phase volume is greater than 1.0ml, the RNA can be
concentrated by alcohol precipitation prior to the cleanup procedure. The recommended amount of RNA per prep is
200µg to 1.5mg.

!

Before you begin, confirm that BME has been added to the RNA Lysis Buffer and that ethanol has been added to the
RNA Wash Solution, as directed in Section 3.C.
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1.

Combine the RNA sample with Lysis Solution in a 15ml disposable, capped centrifuge tube as follows:
Aqueous Phase: Remove the upper aqueous phase from an organic extraction. Combine 1ml of the aqueous
phase with 1ml of Lysis Solution per prep.
RNA Pellet: Dissolve the RNA pellet in 1ml of Nuclease-Free Water. Add 1.0ml of Lysis Solution.
Purified RNA: If the RNA sample volume is less than 1ml, adjust the final volume to 1ml with Nuclease-Free
Water. Combine 1ml of RNA with 1ml of Lysis Solution.

2.

Add 4ml of RNA Dilution Buffer (blue) to each sample. Seal the tube, and vortex to mix thoroughly.

3.

Thoroughly mix the white Clearing Agent by shaking or vortexing the bottle until all the material is in suspension.
Mix until no material adheres to the bottom of the bottle when inverted. This may take several minutes.
Note: The Clearing Agent settles over time and should be remixed between samples. When the Clearing Agent is
mixed properly, it will not clog pipet tips.

4.

Add 100µl of Clearing Agent to the diluted lysate. Mix by inverting 2–3 times, and vortex until homogeneous.
Notes:

5.

!

1.

The RNA cleanup protocol uses less Clearing Agent than the standard protocol. Purified RNA is already
cleared of most cell debris and DNA, so less Clearing Agent is needed to remove residual DNA (2).

2.

The Clearing Agent may form a white powder on the threads of the bottle. You can collect the powder with
a wet paper towel and discard it as nonhazardous waste.

Place the tubes in a heating block or water bath at 70°C. (A suitable range is 65–75°C.) Make sure that the tubes
are in full contact with the heating block or water and that the entire sample is heated. Incubate at 70°C for
5 minutes to denature the samples.
Incomplete heating of samples may result in DNA contamination.

6.

Remove the tubes, mix thoroughly by vortexing and cool the heated samples at room temperature for at least
5 minutes.

7.

Proceed to Step 7 of Section 5, Lysate Clearing.
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5.

Lysate Clearing (All Samples)

Cleared lysates are prepared from the crude lysates prepared as described in Section 4 or Section 10.H.

!

Lysate clearing is required for all sample types.
Do not change the specified volumes or ratios of reagents.
1.

Transfer 2ml of lysate to a 15ml, capped, disposable centrifuge tube. Lysate volumes larger than 2ml may be
processed with multiple columns or the remainder can be stored at –70°C for later use. If the volume of lysate is
not a multiple of 2ml, add an appropriate volume of Lysis Solution to achieve 2ml per prep.

2.

Add 4ml of RNA Dilution Buffer (blue) to 2ml of lysate. Immediately seal the tube, and mix thoroughly by
inverting the tube 3–4 times and then vortexing. Process all samples before continuing.

3.

Thoroughly mix the white Clearing Agent by shaking or vortexing the bottle until all of the material is in
suspension. Mix until no material adheres to the bottom of the bottle when inverted. This may take several
minutes.
Note: The Clearing Agent settles over time and should be remixed between samples. When the Clearing Agent is
mixed properly, it will not clog pipet tips.

4.

Add 1ml of Clearing Agent to the diluted lysate. Immediately seal the tube, and mix by inverting 2–3 times and
vortex until homogeneous. Process all samples before continuing.
Notes:

5.

!

1.

Combining the RNA Dilution Buffer and Clearing Agent prior to use is not recommended. The Clearing
Agent settles more quickly when diluted, and the mixture thickens over time.

2.

The Clearing Agent may form a white powder on the threads of the bottle. You can collect the powder with
a wet paper towel and discard it as nonhazardous waste.

Place the tubes in a heating block or water bath at 70°C. Make sure that the tubes are spaced such that they are
in full contact with the heating block or water and the entire sample is heated. Incubate at 70°C for 5 minutes to
denature the samples. The heated mixtures may form clumps of precipitated debris.
Incomplete heating of samples may result in DNA contamination.

6.

Remove the tubes and cool the heated samples at room temperature for at least 5 minutes.

7.

Wearing clean gloves, place one blue PureYield™ Clearing Column for each sample in a 50ml collection tube
(see Section 3.C for recommended 50ml tubes). Save the collection tube caps. Label the Clearing Columns and
collection tubes to maintain sample identity
Note: If cross-contamination is a concern, flat-top tubes should be used, as they can be sealed during
centrifugation.
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8.

Mix each sample by vortexing or vigorously shaking until homogeneous. Immediately pour the mixture into
the assembled PureYield™ Clearing Column/collection tube. If you are using a flat-top tube, you can seal the
assembled column with the cap if desired. Process each sample individually.
The flowthrough from the blue PureYield™ Clearing Column must be collected in a collection tube by
centrifugation. Vacuum cannot be used.

!
9.

Centrifuge the PureYield™ Clearing Column assembly in a swinging bucket rotor at 2,000 × g at 15–30°C for
10 minutes to clear the lysate.
Note: The Clearing Agent and sample debris will form a solid cake on the surface of the Clearing Membrane. The
color may vary, depending on the sample type. If liquid remains on the surface of the debris cake, centrifuge for
an additional 5–10 minutes at a higher g force (e.g., 2,500–3,000 × g). A blue-green cleared lysate will collect in
the 50ml collection tube.

!

!

Do not discard the cleared lysate in the collection tube. RNA is present in the blue-green cleared lysate.
10.

Discard the blue Clearing Column, and save the cleared lysate in the collection tube. If a debris pellet is found
in the bottom of the collection tube, transfer the cleared lysate to a fresh 50ml tube.

11.

Proceed to Section 6.A (Spin Purification) or Section 6.B (Vacuum Purification) to purify the RNA from the
cleared lysate.

6.

RNA Purification

Ensure that cleared lysates have been prepared for all samples before proceeding with RNA purification.
6.A. RNA Purification by Centrifugation (Spin)
1.

Wearing clean gloves, place a clear PureYield™ Binding Column in a 50ml collection tube for each sample. Save
the collection tube caps. Label the columns and tubes to maintain sample identity.
Note: If cross-contamination is a concern, flat-top tubes should be used, because they can be sealed during
centrifugation.

2.

Add 4ml of isopropanol to the cleared lysate and mix thoroughly by swirling or capping and shaking the tubes.
Vortexing is not recommended. Immediately pour the mixture into the PureYield™ Binding Column/collection
tube assembly (Step 1). Cap the tube if desired.

3.

Centrifuge at 2,000 × g for 10 minutes in a swinging bucket rotor to capture the RNA.

4.

Carefully remove the PureYield™ Binding Column from the collection tube and discard the flowthrough. Return
the Binding Column to the tube.

5.

Verify that ethanol has been added to the RNA Wash Solution (Section 3.C). Add 20ml of RNA Wash Solution to
the PureYield™ Binding Column. Cap the tube if desired. Centrifuge at 2,000 × g for 5 minutes.
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6.A. RNA Purification by Centrifugation (Spin) (continued)
6.

Empty the Collection Tube as in Step 4. Repeat the wash in Step 5 with an additional 10ml of RNA Wash
Solution, increasing the centrifugation time to 10 minutes to empty the column and dry the Binding Membrane.
Optional: To further reduce ethanol carryover, empty the collection tube and centrifuge the PureYield™
Binding Column for an additional 5 minutes at 2,000 × g.

7.

Carefully transfer the PureYield™ Binding Column to a fresh 50ml collection tube. Save the cap for the elution
step. Use care to make sure that the flowthrough does not contact the column.
Note: If the PureYield™ Binding Column is contacted by the flowthrough, empty the collection tube and
centrifuge the assembly for 1 minute before transferring the Binding Column to a fresh tube (Step 7).

8.

Add 1ml of Nuclease-Free Water to the PureYield™ Binding Column, preferably using an ART® Aerosol
Resistant Tip. Be careful to completely cover the surface of the membrane with the water. If desired, cap the tube
with the clean cap. Incubate at room temperature for 2 minutes to release the RNA into solution. Centrifuge at
2,000 × g for 3 minutes to collect the RNA.
Note that with some types of centrifuge braking and vacuum systems, some upward displacement of the
membrane can occur during the elution step. This does not affect the yield or performance of the system.

9.

Remove the PureYield™ Binding Columns and discard. Store the aliquots of the purified RNA at –70°C using
sterile, low-binding (i.e., siliconized), RNase-free microcentrifuge tubes.
Note: Ethanol contamination may occur with the centrifugation (spin) format. If the RNA sample is not heat
denatured prior to gel loading, it may float out of the well. If this occurs, leave a portion of the sample open to the
air for 10 minutes to allow the ethanol to evaporate. The RNA sample may also be incubated at 37°C to increase
the evaporation rate.

6.B. RNA Purification by Vacuum (Vac)
The vacuum protocol can be used if a vacuum manifold (e.g., Vac-Man® Laboratory Vacuum Manifold [Cat.# A7231] or
Vac-Man® Jr. Laboratory Vacuum Manifold (Cat.# A7660)) is available. See Section 10.I for information on preparing
the manifold for RNA isolation.
1.

Wearing clean gloves, attach a clear PureYield™ Binding Column for each sample to an open port on the vacuum
manifold. Label the columns and tubes to maintain sample identity.

2.

Add 4ml isopropanol to the cleared lysate and mix thoroughly by swirling or capping and shaking the tube.
Vortexing is not recommended. Immediately pour the mixture into the PureYield™ Binding Column.

3.

Close any unused vacuum ports. Apply a vacuum of at least 15 inches of mercury (38.1cm; Table 3) and allow the
mixtures to pass through the columns. The flowthrough waste is collected by the manifold. As the columns empty,
close the vacuum ports. This will maintain the vacuum pressure for the slower samples and prevent overdrying of
the binding membranes.
Note: The amount of time required can vary between samples. Most samples will pass through the membrane
in less than 2 minutes. If a column requires more than 5–10 minutes of vacuum, switch to the spin protocol and
centrifuge at 2,000–2,500 × g.
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Table 3. Comparison of Inches of Hg to Other Pressure Measurements.
15 Inch Hg
50.8kPa
381Torr
0.501atm
7.37psi
38.1cm Hg
508mbar
4.

Turn off the vacuum source and open an unused port to vent the manifold. Once the pressure has been released,
close the unused port and open the ports with PureYield™ Binding Columns attached.
Note: Make certain that all vacuum pressure is released before performing the next step. It is important to
turn off the vacuum at the source to prevent backflow into the columns that may result in upward
displacement of the binding membrane. Should this occur, use an RNase-free object such as a pipet tip to
push the membrane back into place.

5.

Verify that ethanol has been added to the RNA Wash Solution (Section 3.C). Add 20ml of RNA Wash Solution
to each PureYield™ Binding Column. Apply the vacuum and allow the wash to pass through the PureYield™
Binding Columns as described in Step 3.

6.

Turn off the vacuum source and open an unused port to vent the manifold. Once the pressure has been released,
close the unused port and open the ports with PureYield™ Binding Columns attached. Repeat the wash with an
additional 10ml of RNA Wash Solution.

7.

Once all of the PureYield™ Binding Columns empty, open all of the ports with attached columns, and maintain
the vacuum for 3 minutes to dry the PureYield™ binding membranes.
Note: The vacuum pressure will drop due to the open columns.

8.

Transfer the PureYield™ Binding Columns to fresh 50ml collection tubes. Save the caps. Add 1ml of Nuclease-Free
Water to the columns, preferably using an ART® Aerosol Resistant Tip. Be sure to completely cover the surface
of the membrane with the water. If desired, cap the tube with the clean cap. Incubate at room temperature for
2 minutes to release the RNA into solution. Centrifuge at 2,000 × g for 3 minutes to collect the RNA.
Note that with some types of centrifuge braking and vacuum systems, some upward displacement of the
membrane can occur during the elution step. This does not affect the yield or performance of the system.

9.

Remove the PureYield™ Binding Columns and discard. Store the purified RNA in aliquots at –70°C using sterile,
low-binding (i.e., siliconized), RNase-free microcentrifuge tubes.
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7.

Determining RNA Yield and Quality

The most common method to determine the yield and purity of RNA is spectrophotometry. The yield of total RNA is
determined by measuring the sample absorbance at 260nm. According to Beer’s Law, one absorbance unit (A260 = 1.0)
equals approximately 40µg/ml of single-stranded RNA in a 1cm pathlength cuvette. Table 2 (Section 3.B) shows
representative yields of total RNA isolated using the PureYield™ RNA Midiprep System. The total RNA yields vary,
depending on the type of starting material.
Note: A 1cm square cuvette has a pathlength of 1cm. The cuvette should be UV transparent (e.g., quartz). Many
disposable cuvettes are not UV transparent.
RNA purity may be estimated from relative absorbances at 230, 260, 280 and 320nm. The A260/A230 ratio is an
indicator of GTC contamination. A ratio of approximately 2.0 indicates high RNA purity. A lower ratio indicates GTC
contamination due to increased absorbance at 230nm.
The A260/A280 ratio is an indicator of protein contamination. Pure RNA will exhibit an A260/A280 ratio of approximately
2.0. If the sample is contaminated with protein, the ratio will be lower due to an increased absorbance at 280nm. The
PureYield™ RNA Midiprep System provides pure total RNA with absorbance ratios that are typically ≥1.8 (Table 2).
This indicates that the purified total RNA is substantially free of salts and contaminating proteins.
To improve the accuracy of total RNA yield and purity determinations, a correction factor may be used. The A320 value
is subtracted from the A230, A260 and A280 values to correct for sample background due to light scattering. Pure RNA
should give an A320 value that is essentially zero, unless particulates or contaminants, such as heme or glycogen (i.e.,
from blood or liver, respectively), are present.
The PureYield™ RNA Midiprep System yields purified total RNA that is essentially free of contaminating DNA. The
purity may be assessed by PCR or by gel analysis. We have found that genomic DNA contamination can be difficult
to identify by gel unless the total RNA is first removed by ribonuclease digestion. We recommend RNase ONE™
Ribonuclease (Cat.# M4261, M4265) for this purpose because it requires a co-factor and can be heat inactivated.
RNase A is not recommended since it is very difficult to eliminate. Following digestion with RNase ONE™
Ribonuclease at 37°C for 1–1.5 hours, samples can be analyzed by agarose gel analysis using standard techniques (3).
If genomic DNA is present, it will be visible on an ethidium bromide-stained agarose gel as a high-molecular-weight
smear larger than 10kb.
The integrity of the purified RNA may be determined by denaturing agarose gel electrophoresis. Several methods are
suitable for this purpose using either formaldehyde (3,4) or glyoxal (3,5) as the denaturing agent. The ratio of 28S to
18S ribosomal RNAs should be approximately 2:1 by ethidium bromide staining. This indicates that no substantial
degradation of RNA has occurred. For degraded RNA samples, this ratio will be reversed since the 28S ribosomal
RNA characteristically is degraded to an 18S-like species. Refer to Section 10.B for suggestions on avoiding RNA
degradation.

22

Promega Corporation · 2800 Woods Hollow Road · Madison, WI 53711-5399 USA · Toll Free in USA 800-356-9526 · 608-274-4330 · Fax 608-277-2516
TM279 · Revised 8/16
www.promega.com

8.

Troubleshooting

For questions not addressed here, please contact your local Promega Branch Office or Distributor. Contact information
available at: www.promega.com. E-mail: techserv@promega.com
Symptoms
Causes and Comments
Lysate foams during homogenization	Some homogenizers will generate foam when samples are
homogenized. Allow the foam to dissipate prior to pipetting.
Homogenize for shorter periods of time until visible particles
and tissue fragments are eliminated.
Lysate is too viscous to pipet	The lysate was too concentrated and became viscous while sitting
on ice. Reduce the lysate viscosity by increasing the amount of
Lysis Solution 1.5- to 2-fold, and briefly rehomogenize the
sample. Note: Rehomogenization can result in lower RNA
yields due to overheating. Therefore, only rehomogenize when
necessary.
Clearing Column clogging	Homogenization was incomplete. Incomplete homogenization
of samples results in clumps of debris and particulates that may
clog the PureYield™ Clearing Columns.
	Lysate was too concentrated. If the crude lysate is difficult to
pipet, the lysate is too concentrated and may exceed the clearing
capacity. Reduce the lysate viscosity by increasing the amount of
Lysis Solution 1.5- to 2-fold, and briefly rehomogenize the
sample. Note: Rehomogenization can result in lower RNA
yields due to overheating. Therefore, only rehomogenize when
necessary.
	Incomplete mixing. The Clearing Agent settles quickly in the
lysate. Shake or vortex each lysate mixture immediately before
pouring into the PureYield™ Clearing Column. Each sample
should be processed individually to ensure that the mixture is
homogeneous when transferred.
	Too much sample was processed. Do not exceed the recommended
maximum sample amounts in Table 1 (Section 3.B). For samples
types that are not listed, choose the most similar sample type for
guidelines. Reduce the lysate concentration twofold for samples
that clog the columns.
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8.

Troubleshooting (continued)

Symptoms
Causes and Comments
Binding Column clogging	Vacuum pressure was insufficient. A vacuum pressure of at least
15 inches of Hg is required to use the Vacuum Protocol (Section
6.B). Make sure that the vacuum manifold and ports are not
leaking. See Section 10.I. Switch to the Centrifugation Protocol
(Section 6.A) and proceed.
	Lysate was not cleared or Clearing Agent was not added. Lysate
clearing (Section 5) is required for all types of samples to
remove sample debris that otherwise clogs the columns.
	The cleared lysate plus isopropanol mixture was vortexed
(Section 6.A, Step 2, or Section 6.B, Step 2). Switch to the
centrifugation protocol (Section 6.A) and increase the g force
to 2,500–3,000 × g.
Low RNA yield, RNA degradation or
β-Mercaptoethanol was not added to the RNA Lysis Buffer.
poor reproducibility between samples	β-Mercaptoethanol is a reducing agent that is required to
inactivate RNases.
	Homogenization was incomplete. Incomplete homogenization
of samples results in loss of RNA within the particulates and
clumps of debris. Incubate the lysate on ice for 10 minutes to
complete lysis.
	RNA may have been degraded during sample preparation. It is
essential to work quickly during sample preparation. Maintain
the lysate at 4°C during preparation.
	Samples were not properly prepared or stored. Samples must be
flash frozen or immediately homogenized in Lysis Solution to
halt RNA degradation. Delays in sample collection may result in
RNA degradation and lower yields. Freeze samples immediately
in liquid nitrogen, and store at –70°C if they cannot be
immediately processed. Lysates should be stored at –70°C.
See Section 10.E.
	Frozen samples were thawed before homogenization. Thawing
samples prior to homogenization can result in the release of
RNases and RNA degradation. Keep frozen samples on dry ice
until they are ready to be homogenized (see Section 10.F).
	Frozen lysate was heated to thaw. Thaw frozen lysates on ice or
at 4°C. To prevent RNA degradation, crude lysates should never
be heated above 15–30°C.
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Symptoms
Causes and Comments
Low RNA yield, RNA degradation or poor
Sample contains a low abundance of RNA. The amount of RNA
reproducibility between samples (continued)	present in a sample depends on the metabolic state, stage of
growth, type of sample and growth conditions. Sample types
vary in the amount of total RNA (see Table 2, Section 3.B).
	Samples were not heated properly after adding the Clearing
Agent. The heating step (Step 5, Section 5) is critical for high
RNA yields and reproducibility. Incomplete heating will result
in decreased yields and decreased reproducibility.
	Isopropanol was not added to the cleared lysate. The addition of
isopropanol to the cleared lysate (Step 2, Section 6.A [Spin], and
Step 2, Section 6.B [Vac]) is required to bind the RNA to the
Binding Column.
	Ethanol was not added to the RNA Wash Solution. Prepare
solutions as instructed in Section 3.C before beginning the
procedure. Ethanol is required to maintain the binding
conditions during the washes.
	RNase introduced by handling. Use sterile, disposable plasticware or baked glassware when handling RNA. Wear clean gloves
at all times. RNases introduced during or after purification will
degrade the RNA. See Section 10.B, Creating a RibonucleaseFree Environment.
Low A260/A230 ratio	Possible GTC contamination. Samples that have a low abundance
of RNA (e.g., blood) may show low A260/A230 ratios (<1.5) due to
the low RNA yield. The amount of sample processed may be increased if the maximum amount of starting material was not used.
If sample purity is a concern, ethanol precipitate the RNA and
wash the pellet with 80% ethanol to reduce GTC contamination.
Low A260/A280 ratio	Possible protein contamination. The A260/A280 ratio is rarely low
enough to warrant concern. Pure RNA should exhibit a ratio of
approximately 2.0. If sample purity is a concern, repurify the
RNA samples according to the Cleanup of RNA Samples
protocol in Section 4.G.
	Too much sample was processed. Decrease the amount of
starting material by 25–50%.
	Elevated sample background. Light scatter can affect the A260/A280
ratio. Particulates, such as those from glycogen in liver or heme
in blood, can affect the absorbance readings. Samples should
give an A320 value near 0. Subtract the A320 value from the A260
and A280 values to calculate the corrected absorbance ratio.
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8.

Troubleshooting (continued)

Symptoms
Causes and Comments
DNA contamination seen when
Too much sample was processed. When the suggested sample
performing RT-PCR or PCR	amounts are used, most purified RNA samples do not show DNA
contamination in RT-PCR. However, dense tissues or cultures
may contain too much DNA to eliminate. Reduce the starting
sample amount by twofold. Repurify the RNA samples according
to the Cleanup of RNA Samples protocol in Section 4.G.
	Sample has an excessive amount of genomic DNA. Samples that
are aneuploid, polyploid or multiploid may exceed the capacity
of the system to remove genomic DNA. The recommendations
provided in Table 1 (Section 3.B) were developed using normal
diploid tissues and common cell lines. Reduce the starting
sample amount by twofold. Repurify the RNA samples according
to the Cleanup of RNA Samples protocol in Section 4.G.
	Heating step was insufficient. Heating the cleared lysate plus
Clearing Agent mixture to 70°C (Step 5, Section 5) is essential
for eliminating DNA contamination. If the samples are not
adequately heated, genomic DNA contamination may occur.
Repurify the RNA according to the Cleanup of RNA Samples
protocol in Section 4.G.
	Possible cross-contamination. RT-PCR and PCR are extremely
sensitive techniques. Use aerosol-resistant pipet tips. Set up
reactions and analyze samples in separate locations.
	Too much sample was used in RT-PCR. Reduce the total RNA
input to 50–100ng. Generally, a rare message can be detected in
50ng of total RNA by RT-PCR.
	Clearing Agent was not used or not mixed thoroughly before
use. The Clearing Agent is required for genomic DNA removal.
Thorough mixing prior to dispensing ensures that the proper
amount of Clearing Agent is used. Repurify the RNA samples
according to the Cleanup of RNA Samples protocol in Section 4.G
to remove the genomic DNA.
	Samples were not mixed thoroughly. The lysate should be mixed
by inversion with the RNA Dilution Buffer in Step 2 of Section 5.
This mixture should then be vortexed to ensure thorough
mixing. This same procedure should be used when adding the
Clearing Agent in Step 4 of Section 5. Repurify the RNA samples
according to the Cleanup of RNA Samples protocol in Section 4.G
to remove the genomic DNA.
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Symptoms
Causes and Comments
DNA contamination seen when
Samples were not cooled after the heating step (Step 6 of
performing RT-PCR or PCR (continued)	Section 5). It is important to cool the samples before proceeding
with lysate clearing in Step 8. Repurify the RNA samples
according to the Cleanup of RNA Samples protocol in Section 4.G
to remove the genomic DNA.
RNA sample floats out of the well
Ethanol contamination from RNA Wash Solution. Ethanol
when loaded on an agarose gel	contamination may occur with the centrifugation (spin) format
(Section 6.A). Capping the column assemblies may increase the
amount of ethanol carryover. To reduce ethanol carryover, add
the optional drying step in Step 6 of the spin protocol. Be sure
that the PureYield™ Binding Column is dry before proceeding
with elution. Alternatively, leave a portion of the sample open to
the air for 10 minutes to allow the ethanol to evaporate. The
RNA sample may also be incubated at 37°C to increase the
evaporation rate.
Column membrane displaced	A fixed-angle rotor was used. All centrifugation steps require the
use of a swinging bucket rotor (except harvesting cells).
	Pressure differential in capped tubes. When caps are used to
seal the column assemblies, a pressure differential can occur
within the closed tubes during centrifugation. This may cause
displacement of the binding membrane during the elution step.
If the membrane is displaced during the elution step it will not
alter the efficiency of the elution, as the membrane displacement
occurs after has RNA has eluted.
Purified total RNA appears white or cloudy	Total RNA purified from liver may contain glycogen. When
stored at 4°C or frozen, the glycogen may form a precipitate,
and the sample may appear cloudy. Warm the sample to
23–25°C, and vortex to dissolve the glycogen. Glycogen is
often used as a co-precipitant and does not typically interfere
in reactions that use nucleic acids as a substrate.
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10.

Appendix

10.A.Additional Information on the PureYield™ RNA Midiprep Procedure
Sample Lysis
Successful isolation of intact RNA requires four essential steps: 1) effective disruption of cells or tissue, 2) denaturation
of nucleoprotein complexes, 3) inactivation of endogenous ribonuclease (RNase) activity and 4) removal of contaminating DNA and proteins. The most important step is the immediate inactivation of endogenous RNases that are released
from membrane-bound organelles upon cell disruption. The PureYield™ RNA Midiprep System inactivates and
removes ribonucleases during RNA purification, yielding stable total RNA samples. The Lysis Solution combines the
disruptive and protective properties of guanidine thiocyanate (GTC) and β-Mercaptoethanol to inactivate ribonucleases
present in cell extracts (5). GTC acts as a chaotrope to disrupt nucleoprotein complexes, allowing the RNA to be
released into solution and isolated free of protein. β-Mercaptoethanol is a reducing agent that breaks disulfide bonds in
proteins, thereby inactivating ribonucleases. The combination of guanidine thiocyanate and β-Mercaptoethanol makes
the Lysis Solution a potent inhibitor of ribonuclease activity.
Lysate Clearing
Diluting cell extracts in the presence of high concentrations of GTC causes selective precipitation of cellular proteins
while the RNA remains in solution. The RNA Dilution Buffer is added to lysates to precipitate the sample debris. A blue
dye is present to indicate that the proper solutions have been combined. The addition of the Clearing Agent allows any
sample to be cleared by low-speed centrifugation through a PureYield™ Clearing Column. A swinging bucket rotor
is required. Prior to clearing, the mixture is heated to 70°C to facilitate genomic DNA removal and increase RNA
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yields. The heated mixture is applied to a PureYield™ Clearing Column and centrifuged at 2,000 × g in a swinging
bucket rotor to clear the lysate. The Clearing Agent selectively removes DNA and sample debris from the lysate while
leaving RNA in the cleared lysate. The debris is trapped by the PureYield™ Clearing Column, and the cleared lysate is
captured in a collection tube. This unique approach virtually eliminates column clogging, which can be a problem for
most membrane-based systems.
RNA Purification
Adding isopropanol to the cleared lysate promotes binding of total RNA to the PureYield™ Binding Column. The
binding reaction occurs rapidly due to the disruption of water molecules by chaotropic salts and alcohol, thus favoring
adsorption of RNA to the silica membrane. The binding step and wash steps are performed using a centrifugation
(spin) or vacuum (vac) protocol. The wash steps remove contaminating salts, proteins and impurities from the bound
RNA. Pure total RNA is eluted from the binding membrane with Nuclease-Free Water. The purified RNA is collected by
centrifugation and is ready for downstream applications. The PureYield™ RNA Midiprep System yields pure total RNA
after a single round of purification.
10.B.Creating a Ribonuclease-Free Environment
Ribonucleases are extremely difficult to inactivate. Take care to avoid introducing RNase activity into your RNA
samples during and after isolation. This is especially important if the starting material was difficult to obtain or is
irreplaceable. The following notes may help prevent accidental RNase contamination of your samples.
1.

Two of the most common sources of RNase contamination are the user’s hands and bacteria or molds that may
be present on airborne dust particles. To prevent contamination from these sources, use sterile technique when
handling the reagents supplied with this system. Wear gloves at all times. Change gloves whenever ribonucleases
may have been contacted.

2.

Whenever possible, sterile, disposable plasticware should be used for handling RNA. These materials are
generally RNase-free and do not require pretreatment to inactivate RNase.

3.

Treat nonsterile glassware, plasticware and electrophoresis chambers before use to ensure that they are RNasefree. Bake glassware at 200°C overnight, and thoroughly rinse plasticware with 0.1N NaOH, 1mM EDTA,
followed by RNase-free water. Commercially available RNase removal products may also be used, following the
manufacturer’s instructions.
Note: Electrophoresis chambers may be contaminated with ribonucleases, particularly RNase A, from analysis of
DNA samples. Whenever possible, set aside a new or decontaminated apparatus for RNA analysis only.

4.

Treat solutions not supplied with the system by adding diethyl pyrocarbonate (DEPC) to 0.1% in a fume hood.
Incubate overnight at room temperature in the hood. Autoclave for 30 minutes to remove any trace of DEPC.
Caution: DEPC is a suspected carcinogen and should only be used in a chemical fume hood. DEPC reacts rapidly
with amines and cannot be used to treat Tris buffers.
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10.C. Methods of Homogenization
See Table 1 (Section 3.B) for specific recommendations on the amount of sample to process. For sample types not
listed, choose the most similar sample type as a starting point. The recommended amounts should not be exceeded,
but the amount of tissue used per prep can be reduced to one-half of the recommended amount.
Caution: Exercise universal precautions for handling biohazardous materials. Wear eye protection, gloves and a lab
coat when homogenizing samples. If possible, homogenize the samples behind a safety shield or using a closed system,
such as those offered by PRO Scientific, Inc.
Rotor-Stator Homogenizer
A rotor-stator homogenizer is the preferred method for preparing lysates from a wide range of sample types. These
homogenizers consist of a motor connected to a metal shaft, which shields revolving blades. Homogenizers quickly and
effectively disrupt samples, such as tissues or cells, for RNA isolation. Extremely hard or gritty samples, such as woody
plants, bones, teeth, hard-shelled samples, seeds or soil are not compatible with rotor-stator homogenizers. These
samples may damage the rotor, leading to overheating and motor failure. See Section 10.H, Solid Samples, for
recommendations.
Fresh or frozen samples may be homogenized directly in Lysis Solution. Disruption of frozen tissue takes longer than
fresh tissue. Complete disruption should take place in a few minutes or less on high speed. It may be helpful to
homogenize frozen samples in multiple stages. Repeatedly press the tissue fragment(s) to the bottom of the tube with
the rotor while the homogenizer is on high speed. Homogenize the sample for approximately 30–60 seconds at a time,
storing the sample on ice between homogenizations. Repeat until no particulates or tissue fragments are visible. If the
lysate is too viscous, increase the amount of Lysis Solution 1.5- to 2-fold and briefly rehomogenize the sample.
Foaming is not a concern as long as the lysate does not overheat. The foam can be dissipated by placing the sample on
ice. If multiple isolations will be prepared from the same lysate, mix the lysate periodically to maintain homogeneity.
Clean the homogenizer between samples by running it for a few seconds on high speed in a sufficient amount of
distilled water or dilute detergent. Repeat with fresh distilled water. Dry the rotor thoroughly with a paper towel. After
use, clean and dry the rotor thoroughly and wash with 70% ethanol. The rotor may be dismantled to facilitate cleaning.
If not cleaned properly, rust may form on the rotor. If cross-contamination is a concern, disposable and reusable probes
are available (Omni International) that allow the rotor to be changed between samples.
Caution: Do not turn the homogenizer on unless the rotor is properly immersed in a solution. Follow the
manufacturer’s recommendations.
Rotor-stator homogenizers are available from numerous suppliers (e.g., BioSpec Products, Inc.; Brinkmann; Fisher
Scientific; Omni International, Inc.; and PRO Scientific, Inc.). A variety of sizes and formats are available. The
hand-held BioSpec Tissue-Tearor™ can be used to prepare 0.5–50ml of lysate by using a 7mm diameter, 10.9cm long
probe (BioSpec Products Cat.# 985370-XL). The probe fits inside the recommended 50ml disposable centrifuge tubes.
Wider probes are also available. The PRO Scientific PRO200 Homogenizer, with a 20mm × 115mm long, saw-toothbottom generator (PRO #02-20115), also fits in the recommended 50ml tube. Larger samples (12–24ml of lysate) can
be homogenized in one tube. Smaller generators are also available.
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Mortar and Pestle
Solid samples, including frozen tissues, may be ground or pulverized with a mortar and pestle in liquid nitrogen.
However, RNA yields may be lower than with other methods due to incomplete disruption of the sample. The ground
samples may be further disrupted using other methods of homogenization to increase RNA yields. A mortar and pestle
is generally not effective for lysing microbial samples; instead use enzymatic digestion, glass beads or a glass mill.
Enzymatic Digestion
Most microbial samples are difficult to lyse due to a tough outer cell wall. Commercially available enzymes (e.g., from
Sigma-Aldrich Chemical Company) can be used to dissociate or lyse cells. This is useful when specialized equipment is
not available. The type or mixture of enzymes that are needed depends on the sample type. Follow the manufacturer’s
recommendations. Enzymatic digestion also can be used to augment other methods of lysis and homogenization
described in this section. Enzymatic digestion is not recommended for tissues because the delay in sample processing
may cause RNA degradation. Protocols are provided in Sections 4.C and 4.D for bacteria and yeast.
Glass Beads and Mills
Glass beads can be used to manually disrupt cells; however, glass bead disruption is inefficient, so RNA yields will be
lower and less reproducible than with other methods. Lysis depends on collisions between the sample and the beads.
The samples (fresh or frozen) are vortexed in Lysis Solution with an equal volume of glass beads. Recommended bead
sizes are 0.1mm for bacteria and spores; 0.5mm for yeast, fungi, microalgae and mammalian cells; and 1.0–2.5mm for
plant and animal tissues (BioSpec Products, Inc.). Disruption may be more efficient with zirconia-silica beads. Bead
mills also are available for mechanical disruption (e.g., SPEX CertiPrep, BioSpec Products, Inc.). Vigorous agitation
lyses many difficult samples, such as yeast, spores and microalgae, without enzymes. Heat generation can be a problem.
Follow the manufacturer’s recommendations.
Cryogenic Pulverizer
Tissue samples can be cryogenically pulverized with a pulverizer and liquid nitrogen (e.g., Bio-Pulverizer, BioSpec
Products, Inc.). Samples are reduced to a fine powder by engaging a triggered piston. Samples may be pulverized prior
to disruption by other methods.
Dounce Homogenizer
A Dounce Homogenizer can be used to lyse enzymatically treated samples. This type of homogenizer can also be used to
isolate organelles, such as mitochondria or nuclei. RNA can then be isolated from the cytoplasm, mitochondria or nuclei.
FRENCH Press
Cells and microbial samples can be lysed directly in Lysis Solution, using a FRENCH Press (Thermo Electron
Corporation). Hydraulic pressure is applied to the sample as it passes through a small opening in a pressure chamber.
Two or three passes at slow speed are needed for optimal lysis. Exercise caution, and make sure that the lysate is not
expelled or aerosolized outside of the collection tube. Wear safety glasses, and place a collection tube in place before
pressure is applied to the chamber. The FRENCH Press is not recommended for processing tissues or hard, solid
samples. Follow the manufacturer’s recommendations.
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10.C. Methods of Homogenization (continued)
Sonication
Ultrasonic homogenizers can be used to directly disrupt cells, microbes and tissue samples in Lysis Solution. Samples
are disrupted by ultrasonic vibrations, producing shock waves through the sample medium. Samples should be
processed on ice to prevent overheating. Manufacturers include BioLogics, Inc., Misonic, Inc., and Branson. Follow the
manufacturer’s recommendations.
Vortexing
Fragile samples, such as tissue culture cells or enzymatically treated cells, may be lysed directly by vortexing the sample
in Lysis Solution. Vortexing can be an effective first step in sample lysis. If the lysate is too viscous or contains clumps, a
rotor-stator homogenizer can be used to complete the lysis and homogenization.
Syringe and Needle
Viscous samples can be sheared by passing the lysate through a sterile 20-gauge needle 5–10 times to break up clumps.
The needle should be attached to a sterile syringe. Expel the lysate into the tube in which it was prepared.
10.D. Further Tips on Preparing Lysates
Some homogenizers generate foam when tissues are homogenized. Submerging the homogenizer blade in the sample at
the side of the tube will minimize foaming. To make pipetting easier, allow the foam to settle before pipetting.
Homogenize only as long as necessary to eliminate visible tissue fragments.
Do not allow the lysate to overheat, or lower total RNA yields may result. Work as quickly as possible. Lysates should
be stored on ice during sample preparation. Use ice-cold (4°C) Lysis Solution for homogenization to improve yield and
stability. Verify that the homogenizer head is properly covered with lysate during homogenization. In general, an
overhomogenized lysate smells burned and becomes brown.
If a lysate becomes too viscous to pipet, dilute the lysate 1.5- to 2-fold with Lysis Solution. Briefly rehomogenize the
sample to shear the genomic DNA. Rehomogenization of lysates can result in lower RNA yields, so it should be
performed only when necessary. Alternatively, shear the lysate with a sterile 20-gauge needle and syringe as described
in Section 10.C.
Table 1 (Section 3.B) provides guidelines for preparing lysates from various sample types. If the amount of sample is
less than the maximum recommendation in Table 1, homogenize the sample in 2ml of Lysis Solution.
Note: The recommended 50ml disposable centrifuge tubes are useful for homogenizing samples with a rotor-stator
homogenizer (see Section 10.C for more information).
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10.E. Harvesting and Freezing Samples
Samples may be harvested, flash frozen and stored at –70°C for later processing. It is critical that samples are harvested
properly to prevent RNA degradation.
Tissues and Solid Samples
1.

Excise the tissue of interest. Immediately transfer the sample to liquid nitrogen.
Note: Liquid nitrogen can be dispensed into a polypropylene or Pyrex® glass beaker using care. Wear personal
protective equipment, cryogenic gloves and safety glasses. Use caution to prevent splashes and burns. To slow
the evaporation of liquid nitrogen, the beaker may be placed in a styrofoam container and surrounded by dry ice.
Refill the beaker with liquid nitrogen as often as needed.
Note: It is common for samples to fracture during the flash freezing process. Therefore, it is best to use separate
beakers for different samples if they cannot be combined.

2.

Use clean forceps to recover the frozen samples. If necessary, carefully pour the liquid nitrogen into a second
beaker while wearing cryogenic gloves. Transfer the frozen sample to an appropriate tube, and immediately store
on dry ice. Transfer to a –70°C freezer.

Cultured Cells and Organisms
1.

Harvest the sample by centrifugation in a 50ml disposable centrifuge tube using standard procedures (see
Section 4). Wash tissue culture cells with ice-cold 1X PBS. Carefully remove the supernatant, leaving the pellet
as dry as possible.

2.

Immediately freeze the cell pellet in a dry ice/ethanol bath. Swirl the tube, and incubate until the pellet is
completely frozen. Store the sample at –70°C.

Lysates
Lysates may be directly stored at –70°C. They do not need to be flash frozen, since ribonucleases have already been
inactivated by the Lysis Solution.
Proceed to Section 10.F when the samples are ready to be processed for RNA isolation.
Note: We have successfully purified intact total RNA from tissues and cells that were flash frozen and stored at –70°C.
Frozen samples and lysates are stable for at least one year at –70°C.
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10.F. Working with Frozen Samples
1.

Remove samples from the –70°C freezer, and immediately place them on dry ice.

2a.

Frozen tissue samples should be homogenized immediately without thawing. Determine the frozen tissue wet
weight. Process each sample individually. Transfer each sample tube to ice (4°C). and immediately add an
appropriate amount of Lysis Solution (Table 1, Section 3.B). Homogenize the frozen tissue using a rotor-stator
homogenizer as described in Section 4.A. See Section 10.D for further tips on preparing lysates. Do not allow the
lysate to overheat. Store the lysate on ice while other samples are processed.
Note: Ice crystals may form around frozen tissue until homogenization is performed.

2b.

For frozen tissue culture cells or leukocytes, add an appropriate amount of Lysis Solution to the frozen cell pellet
(Table 1). Disperse the pellet by vortexing or homogenizing with a rotor-stator homogenizer. As the cells lyse, a
gelatinous mass may form. Homogenize the sample until no clumps are visible. If the homogenate is foamy, place
on ice and allow the foam to dissipate. Alternatively, shear the lysate with a sterile 20-gauge needle and syringe
as described in Section 10.C.

2c.

For frozen microbial samples, thaw the samples on ice (4°C). Swirl the tube to resuspend the pellet in the
remaining sample volume. Immediately treat the cells with 1ml of freshly prepared lytic enzyme mix tailored to
the sample. See Sections 4.C and 4.D for recommendations on treating bacteria and yeast. Consult the scientific
literature for genus- and species-specific protocols. Section 10.C describes methods of homogenization that do
not require lytic enzymes, such as glass beads and mills.

2d.

Thaw frozen lysates on ice (4°C). This may take 30–60 minutes, depending on the sample size. Do not heat
lysates above 21–23°C to thaw.

3.

For all samples types, proceed to Section 5, Preparing Cleared Lysates.

10.G. Working with Adherent Cells
Two protocols are presented for harvesting adherent cells. The first protocol uses trypsin digestion to detach cells. The
second protocol uses a cell scraper and Lysis Solution to lyse cells in situ.
Note: A confluent T150 flask (150cm2) should yield approximately 1 × 107 to 1 × 108 cells, depending on the cell line.
A T75 flask (75cm2) should yield approximately half that amount of cells. The area of a 10cm dish is 55cm2. The size of
cultured cells varies from 10–30µm, depending on the cell line. Smaller cells grow to higher surface densities than
larger cells. Therefore, the total cell count depends on cell size and confluency. RNA expression profiles change with the
degree of confluency. Adherent cells should be harvested for RNA isolation when they are 70–90% confluent to avoid
the effects of cell cycle arrest.
Note: The yield of cells grown in multiwell plates is too low for the PureYield™ RNA Midiprep System. For small
samples, use the SV Total RNA Isolation System (Cat.# Z3101, Z3100 or Z3105), the SV 96 Total RNA Isolation
System (Cat.# Z3500 or Z3505) or the MagneSil® Total RNA mini-Isolation System (Cat.# Z3351).
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Trypsinization Procedure for Removing Adherent Cells
Materials to Be Supplied by the User
(Solution compositions are provided in Section 10.K.)
•
1X trypsin-EDTA solution
•
1X PBS
Use at least 1 × 107 cells to a maximum of 5 × 107 cells per purification. To avoid genomic DNA contamination, the
number of cells used may need to be adjusted, depending on the cell type, growth conditions, and ploidy at the time of
harvest.
1.

Wash the cells with ice-cold, sterile 1X PBS. Remove the wash solution by aspiration.
Note: The PBS wash removes excess peptides, Ca2+ and Mg2+ that interfere with trypsin digestion. Trypsin
digests the proteins that anchor the cells to the surface of the culture vessel.

2.

Prepare a sterile trypsin-EDTA solution in 1X PBS. Add just enough trypsin solution to cover the cell monolayer
(e.g., 2ml for a 150mm flask; 1ml for a 100mm plate). Rock the culture vessel to distribute the trypsin solution
evenly. Place the plate or flask at 37°C until the cells just begin to detach (usually 1–2 minutes). Strike the bottom
and sides of the culture vessel sharply with the palm of your hand to dislodge the remaining adherent cells.

3.

Add 5 volumes of sterile growth medium to the culture vessel to stop the trypsin digestion. Tilt the plate or flask
to rinse the treated surface. Gently pipette the cells with a sterile serological pipet to break up cell clumps. Do not
fully aspirate the cell mixture until the cells are fully dispersed.

4.

Carefully transfer the media and cells to a sterile 50ml conical centrifuge tube. Pellet the cells by centrifugation at
300 × g for 5 minutes. If cells remain in the supernatant after centrifugation, repeat the centrifugation at 300 × g
for 5 additional minutes. Discard the supernatant.

5.

Wash the cell pellet with 25ml of sterile 1X PBS. Gently swirl the tube to resuspend the cell pellet. Do not vortex.
Centrifuge at 300 × g for 5 minutes to collect the cells. Discard the supernatant.

6.

Proceed to Step 3 in Section 4.B to lyse the cells or Section 10.E, Cultured Organisms, to freeze the cell pellet in
a dry ice/ethanol bath. Confirm that BME has been added to the RNA Lysis Buffer as directed in Section 3.C.

Promega Corporation · 2800 Woods Hollow Road · Madison, WI 53711-5399 USA · Toll Free in USA 800-356-9526 · 608-274-4330 · Fax 608-277-2516
www.promega.com
TM279 · Revised 8/16

35

10.G. Working with Adherent Cells (continued)
Scraping Procedure for Harvesting Adherent Cells
Adherent cells may be lysed in situ by manually scraping the cells from the culture vessel in the presence of Lysis
Solution.
Materials to Be Supplied by the User
(Solution compositions are provided in Section 10.K.)
•
sterile cell scraper
•
1X PBS
1.

Confirm that the BME has been added to the RNA Lysis Buffer as directed in Section 3.C. Remove the medium
from the culture vessel by aspiration. Rinse the cells with ice cold 1X PBS. Remove the PBS wash solution.

2.

Add 2ml of Lysis Solution to the culture vessel. Swirl the vessel to distribute the Lysis Solution evenly over the
surface. Using a cell scraper, scrape the cells into the Lysis Solution. Examine the vessel to check for areas that
have been missed. Scrape until all cells have been removed from the surface.

3.

Transfer the lysate to a 15ml tube with a pipet. Vortex at high speed to homogenize the sample. Incubate on ice
for 10 minutes to complete lysis.
Optional: Homogenize the lysate at high speed, using a rotor-stator homogenizer (such as a BioSpec TissueTearor™), until no visible clumps remain (see Section 10.C for information on other methods of homogenization,
such as shearing with a sterile 20-gauge needle and syringe).

4.

Proceed to Section 5, Lysate Clearing.

10.H. Working with Other Sample Types
Table 1 (Section 3.B) provides guidelines to determine the maximum amount of sample that can be processed per
isolation. For samples that are not listed in Table 1, choose the most similar sample type as a starting point and refer to
Section 4 and the notes below for guidelines. The recommended sample amounts should not be exceeded but may be
reduced twofold. The lysate volume (sample + Lysis Solution) is 2ml per isolation regardless of the sample type or
method of homogenization. Lysates should be prepared with ice-cold (4°C) Lysis Solution (containing BME). Once the
lysate is prepared, incubate on ice for 10 minutes to complete the lysis.
Section 10.C provides general information on various methods of homogenization. Once the sample is disrupted and a
lysate is prepared, the universal protocol is followed, beginning at Section 5, Lysate Clearing.
Cultured Organisms
Cultured organisms, such as C. elegans, should be grown and harvested following standard procedures. The scientific
literature should be consulted for genus- and species-specific protocols. If the sample is multicellular and tissue-like,
see Section 4.A for a lysis protocol using a rotor-stator homogenizer and up to 300mg of sample. If the sample is
bacterial or fungal and protected by a tough cell wall, such as fungi or spores, see Sections 4.C and 4.D for recommendations on lysing bacteria and yeast using lytic enzymes. The enzymes should be tailored to the sample. Direct methods
of lysis are provided in Section 10.C. Section 10.E provides information on harvesting and freezing samples.
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Solid Samples
Hard samples, such as seeds, woody plants, bones, teeth, shellfish or soil require mechanical pulverization. Many sample
types may be ground in liquid nitrogen using a mortar and pestle. If the sample also contains microbial organisms that
are of interest, such as soil, pretreatment of the sample with lytic enzymes may be required. See Sections 4.C and 4.D
for suggestions on lysing bacteria and yeast. The lysis step can be tailored to the sample by selecting the appropriate
enzymes for sample disruption. The scientific literature should be consulted for genus- and species-specific protocols.
Softer samples, such as tissues or insects, can be homogenized directly in Lysis Solution using a rotor-stator homogenizer (Section 4.A). Most samples can be directly disrupted, without enzymes, using a glass bead mill, such as a SPEX
SamplePrep Freezer/Mill (SPEX CertiPrep). Direct disruption may be preferred to using enzymes to avoid the delay
that is caused by enzymatic digestion. Section 10.C provides more information on a variety of disruption methods.
Liquid Samples
For blood, refer to Section 4.F, Preparing Lysates from Blood. Other types of aqueous samples may be processed at a
maximum of 1ml of sample per prep. To process larger volumes, the samples may be concentrated by filtration (e.g.,
a 0.2µm filter) or centrifugation. In this manner, liters of sample may be processed in a single prep, as long as the
maximum recommendations are not exceeded. Depending on the sample composition, the collected sample may need
to be treated with lytic enzymes. See Sections 4.C and 4.D for recommendations on preparing lysates from bacteria and
yeast. The lysis step can be tailored to the sample by selecting the appropriate enzymes for sample disruption. The
scientific literature should be consulted for genus- and species-specific protocols. If filtration was used for sample
collection, the enzyme treatment and lysis can be performed on the surface of the filter. Collect the lysate from the
filter, and proceed to Section 5. Direct disruption may be preferred to using enzymes to avoid the delay that is caused
by enzymatic digestion. Section 10.C provides more information on a variety of disruption methods. Regardless of the
method used, the sample volume should not exceed 1ml of aqueous sample per preparation before adding the Lysis
Solution. For sample volumes less than 1ml, add Lysis Solution to a total volume of 2ml.
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10.I. Using a Vacuum Manifold
The Vac-Man® Laboratory Vacuum Manifold (Cat.# A7231) is recommended for the PureYield™ RNA Midiprep
System. Up to 20 samples can be processed in parallel. The Vac-Man® Jr. Laboratory Vacuum Manifold (Cat.# A7660)
is also available with a 2-sample capacity. Replacement One-Way Luer-Lok® Stopcocks (Cat.# A7261) are available
separately. Adapters are not needed for the PureYield™ RNA Midiprep System Columns. Dedication of the vacuum
manifold to RNA purification may reduce the risk of RNase contamination.
The vacuum manifold must be connected to a vacuum trap and a vacuum source capable of generating 15 inches of Hg
(such as a GAST oil-less diaphragm-type pressure/vacuum pump or a water aspirator). A high-pressure vacuum should
not be used. The vacuum manifold should be emptied and inspected before use. To check for air leaks, close all of the
stopcocks and turn on the vacuum source. If rushing air is heard near the manifold, identify the location of the leak.
Make sure that all of the stopcocks collars are tight. Identify any One-Way Luer-Lok® Stopcocks (Cat.# A7261) that are
cracked, and replace them with new ones. Once the manifold is confirmed to be airtight, open a stopcock to vent the
manifold and turn off the vacuum source. The One-Way Luer-Lok® Stopcocks may also be removed for cleaning or
replaced to ensure that they are not contaminated with ribonucleases. Commercially available RNase removal products
may be used, following the manufacturer’s instructions. Refer to Promega Technical Bulletin #TB125 for more
information on the use and setup of the Vac-Man® Laboratory Vacuum Manifold.
Note: If replacement One-Way Luer-Lok® Stopcocks are not available, close the cracked stopcock (provided that the
stopcock collar is intact) and avoid using the damaged vacuum port for your experiment.
10.J. Downstream Applications
RNA purified with the PureYield™ RNA Midiprep System is suitable for standard molecular biology applications, such
as RT-PCR, real-time qRT-PCR, microarrays and Northern blot hybridizations. For more information on downstream
applications, see the Promega Protocols and Applications Guide (7).
Note: For all downstream applications, it is essential that you continue to protect your RNA samples from RNases.
Continue to wear clean gloves and use solutions and centrifuge tubes that are RNase-free.
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10.K. Composition of Buffers and Solutions
PBS buffer, 10X (per liter)
11.5g Na2HPO4
2g KH2PO4
80g
2g

NaCl
KCl

Dissolve in 1 liter of sterile, deionized water. The pH of
1X PBS will be 7.4.
RNA Lysis Buffer (RLA)
4M GTC
0.01M Tris (pH 7.5)
0.97% β-Mercaptoethanol (added separately)

Red Blood Cell Lysis Solution (CLB)
(for isolation of RNA from whole blood)
5mM MgCl2
10mM
10mM

NaCl
Tris-HCl (pH 7.0)

1M sorbitol/0.1M EDTA (pH 7.4)
182.2g d-sorbitol
200ml 0.5M EDTA (pH 8.0)
Dissolve d-sorbitol in 500ml deionized water. Add 0.5M
EDTA solution, and adjust the final pH to 7.4. Adjust to a
final volume of 1000ml with deionized water. Sterilize.

RNA Wash Solution (RWA)
162.8mM potassium acetate
27.1mM Tris-HCl (pH 7.5 at 25°C)

TE (Tris/EDTA) buffer (pH 7.4)
10mM Tris-HCl (pH 7.4)
1mM EDTA

After dilution with ethanol the final concentration
(approximate) is 60mM potassium acetate, 10mM
Tris-HCl (pH 7.5 at 25°C) and 60% ethanol.

trypsin-EDTA solution, 1X
0.05% trypsin (w/v)
0.53mM EDTA
Dissolve in 1X PBS.
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10.L Related Products
Product
Vac-Man® Laboratory Vacuum Manifold
Vac-Man® Jr. Laboratory Vacuum Manifold
One-Way Luer-Lok® Stopcocks

Size

Cat.#

20 sample

A7231

2 sample

A7660

10 each

A7261

Size

Cat.#

10 preps

Z3101

50 preps

Z3100

Total RNA Isolation Systems
Product
SV Total RNA Isolation System

SV 96 Total RNA Isolation System
MagneSil® Total RNA mini-Isolation System

250 preps

Z3105

1 × 96 each

Z3500

5 × 96 each

Z3505

4 plate

Z3351

Size

Cat.#

mRNA Isolation from Total RNA
Product
PolyATtract mRNA Isolation System I

3 isolations

Z5210

PolyATtract® mRNA Isolation System II

3 isolations

Z5200

PolyATtract mRNA Isolation System III

15 isolations

Z5300

PolyATtract® mRNA Isolation System IV

15 isolations

Z5310

®

®

10.M. Summary of Changes
The following changes were made to the 8/16 revision of this document:
1.

The amount and concentration of the β-Mercaptoethanol component was changed, Sections 2 and 3.C.

2.

The document design was updated.
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(a)

Patent Pending.
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