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Kit Contents

RNeasy® Mini Kit (20) (50) (250)
Catalog No. 74103 74104 74106
Preparations per kit 20 50 250
RNeasy mini spin columns (pink) 20 50 250
Collection tubes (1.5 ml) 20 50 250
Collection tubes (2 ml) 20 50 250
Buffer RLT** 18 ml 45 ml 220 ml
Buffer RW1? 18 ml 45 ml 220 ml
Buffer RPE* 5ml 11 ml 55 ml
RNasefree water 10 ml 10 ml 50 ml
Handbook 1 1 1
RNeasy Protect Mini Kit (50) (250)
Catalog No. 74124 74126
Preparations per kit 50 250
RNAlater™ RNA Stabilization Reagent® 50 ml 250 ml
RNeasy mini spin columns (pink) 50 250
Collection tubes (1.5 ml) 50 250
Collection tubes (2 ml) 50 250
Buffer RLT** 45 ml 220 ml
Buffer RW 17 45 ml 220 ml
Buffer RPE* 11 ml 55 ml
RNase-free water 10 ml 50 ml
Handbook 1 1

*

Buffer RLT is also available separately. See ordering information (page 108).
Not compatible with disinfecting reagents containing bleach. Contains a guanidine salt which is an irritant.

Take appropriate safety measures and wear gloves when handling.

Buffer RPE is supplied as a concentrate. Before using for the first time add 4 volumes of ethanol (96-100%)
as indicated on the bottle to obtain a working solution.
RNAlater RNA Stabilization Reagent is also available separately. See ordering information (page 107).
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RNeasy Plant Mini Kits (20) (50)
Catalog No. 74903 74904
Preparations per kit 20 50
RNeasy mini spin columns (pink) 20 50
QlAshredder spin columns (lilac) 20 50
Collection tubes (1.5 ml) 20 50
Collection tubes (2 ml) 20 50
Buffer RLT** 18 ml 45 ml
Buffer RLC* 18 ml 45 ml
Buffer RW1? 18 ml 45 ml
Buffer RPE* 5ml 11 ml
RNasefree water 10 ml 10 ml
Handbook 1 1

*

Buffer RLT is also available separately. See ordering information (page 108).

" Not compatible with disinfecting reagents containing bleach. Contains a guanidine salt which is an irritant.
Take appropriate safety measures and wear gloves when handling.

* Buffer RPE is supplied as a concentrate. Before using for the first time add 4 volumes of ethanol (96-100%)

as indicated on the bottle to obtain a working solution.

Storage Conditions

RNeasy Kits, RNeasy Protect Kits, and RNAlater RNA Stabilization Reagent should be
stored dry at room temperature (15 to 25°C) and are stable for at least 9 months under
these conditions.

Storage of RNAlater RNA Stabilization Reagent at lower temperatures may cause
precipitation. The precipitate can be redissolved by heating to 37°C with agitation. Redissolve
any precipitate before using.

Product Use Limitations

RNeasy and RNeasy Protect Kits are intended as general-purpose devices. No claim or
representation is intended for their use to identify any specific organism or for clinical use
(diagnostic, prognostic, therapeutic, or blood banking). It is the user’s responsibility to val-
idate the performance of RNeasy and RNeasy Protect Kits for any particular use, since the
performance characteristics of these kits have not been validated for any specific organism.
RNeasy and RNeasy Protect Kits may be used in clinical diagnostic laboratory systems
after the laboratory has validated their complete system as required by CLIA '88 regulations
in the U.S. or equivalents in other countries.
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All due care and aftention should be exercised in the handling of the products. We recommend
all users of QIAGEN® products to adhere to the NIH guidelines that have been developed
for recombinant DNA experiments, or to other applicable guidelines.

Product Warranty and Satisfaction Guarantee

QIAGEN guarantees the performance of all products in the manner described in our product
literature. The purchaser must defermine the suitability of the product for its particular use.
Should any product fail to perform satisfactorily due to any reason other than misuse, QIAGEN
will replace it free of charge or refund the purchase price. We reserve the right to change,
alter, or modify any product to enhance its performance and design. If a QIAGEN product
does not meet your expectations, simply call your local Technical Service Department or
distributor. We will credit your account or exchange the product — as you wish.

A copy of QIAGEN terms and conditions can be obtained on request, and is also provided
on the back of our invoices. If you have questions about product specifications or performance,
please call QIAGEN Technical Services or your local distributor (see inside front cover).

Technical Assistance

At QIAGEN we pride ourselves on the quality and availability of our technical support.
Our Technical Service Departments are staffed by experienced scientists with extensive
practical and theoretical expertise in molecular biology and the use of QIAGEN products.
If you have any questions or experience any difficulties regarding RNeasy Kits, RNAlater
RNA Stabilization Reagent, or QIAGEN products in general, please do not hesitate to
contact us.

QIAGEN customers are a major source of information regarding advanced or specialized
uses of our products. This information is helpful to other scientists as well as to the
researchers at QIAGEN. We therefore encourage you to contact us if you have any
suggestions about product performance or new applications and techniques.

For technical assistance and more information please call one of the QIAGEN Technical
Service Departments or local distributors (see inside front cover).
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Safety Information

When working with chemicals, always wear a suitable lab coat, disposable gloves, and
protective goggles. For more information, please consult the appropriate material safety
data sheets (MSDSs). These are available online in convenient and compact PDF format
at www.giagen.com/ts/msds.asp where you can find, view, and print the MSDS for each
QIAGEN kit and kit component.

The following risk and safety phrases apply to components of the RNeasy Mini Kit, the
RNeasy Protect Mini Kit, and/or the RNeasy Plant Mini Kit:

Buffer RLT

Contains guanidine thiocyanate: harmful. Risk and safety phrases:* R20/21/22-32,
$13-26-36-46

Buffer RLC

Contains guanidine hydrochloride: harmful, irritant. Risk and safety phrases: *
R22-36/38, S13-26-36-46

Buffer RW1

Contains ethanol: flammable. Risk phrase:* R10

* R10: Flammable; R20/21/22: Harmful by inhalation, in contact with skin and if swallowed; R22: Harmful if
swallowed; R32: Contact with acids liberates very toxic gas; R36,/38: Irritating to eyes and skin; S13: Keep
away from food, drink and animal feedingstuffs; S26: In case of contact with eyes, rinse immediately with plenty
of water and seek medical advice; S36: Wear suitable protective clothing; S46: If swallowed, seek medical
advice immediately and show the container or label.
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Introduction
RNA isolation

RNeasy Kits are designed to isolate total RNA from small quantities of starting material.
They provide a fast and simple method for the preparation of up to 100 pg total RNA from
animal cells and tissues, bacteria, and yeast (RNeasy Mini Kits) or plant cells and tissues
and filamentous fungi (RNeasy Plant Mini Kits). RNeasy Protect Mini Kits provide
stabilization of RNA in animal tissues and cells and purification of up to 100 pg fotal RNA
from these sources.

RNeasy Mini Kits and RNeasy Plant Mini Kits make multiple, simultaneous processing of
a wide variety of biological samples possible in less than 30 minutes. Time-consuming and
tedious methods, such as CsCl step-gradient ultracentrifugation and alcohol precipitation
steps, or methods involving the use of toxic substances such as phenol and/or chloroform,
are replaced by the RNeasy procedure. The purified RNA is ready for use in standard
downstream applications such as:

e RT-PCR  Northern, dot, and slot blotting
® Poly A* RNA selection ® Primer extension
* RNase and S1 nuclease protection ~ ® cDNA synthesis

e Differential display ® Expression-array and expression-chip analysis

In addition, RNeasy Kits can be used to desalt or purify RNA from enzymatic reactions
such as DNase digestions, proteinase digestions, RNA ligation, and labeling reactions.

A list of references describing the use of RNeasy Kits in a variety of applications can be
found on page 86.

RNA stabilization in tissue

RNA stabilization is an absolute prerequisite for reliable gene-expression analysis. Immediate
stabilization of RNA in biological materials is necessary because, directly after harvesting
the biological sample, changes in the gene-expression pattern occur due fo specific and
nonspecific RNA degradation as well as to transcriptional induction. Such changes in
gene-expression pattern need to be avoided for all reliable quantitative gene-expression
analyses, such as biochip and array analyses, quantitative RT-PCR, such as TagMan® and
LightCycler® technology, or other nucleic acidbased technologies, such as RNampliFire/
NASBA® and bDNA analysis or any other related technologies.

The RNeasy Protect Mini Kit and RNAlater RNA Stabilization Reagent represent a new
technology enabling rapid and reliable preservation of gene-expression patterns in biological
material so as to provide reliable gene-expression analysis. RNAlafer technology is
designed for stabilization and protection of cellular RNA in animal tissues (in addition,
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RNAlater technology can be used for cell-culture cells and white blood cells). The samples
are harvested and immediately submerged in RNAlater RNA Stabilization Reagent for
storage for:

e 1ldayat37°C

e 7 daysat 18to 25°C

e 4 weeksat2to8°C

e archival storage at -20°C or -80°C

During storage in RNAlater RNA Stabilization Reagent, even at elevated temperatures
(e.g., at room temperature or 37°C), the cellular RNA remains intact and undegraded.
RNAI/ater technology replaces current inconvenient, dangerous and equipmentintensive
methods like snapfreezing of samples in liquid nitrogen, storage at -80°C, cutting and
weighing on dry ice, or immediate processing of the harvested samples.

RNeasy Protect Kits and RNAlater RNA Stabilization Reagent cannot be used for stabi-
lization of RNA in whole blood, plasma, or serum.

The RNeasy principle and procedure

The RNeasy procedure represents a novel technology for RNA isolation. This technology
combines the selective binding properties of a silica-gelbased membrane with the speed of
microspin fechnology. A specialized high-salt buffer system allows up to 100 pg of RNA
longer than 200 bases to bind to the RNeasy silica-gel membrane. Biological samples are first
lysed and homogenized in the presence of a highly denaturing guanidine isothiocyanate
(GITC)-containing buffer, which immediately inactivates RNases to ensure isolation of
intact RNA. Ethanol is added to provide appropriate binding conditions, and the sample
is then applied to an RNeasy mini column where the total RNA binds to the membrane
and contaminants are efficiently washed away. High-quality RNA is then eluted in 30 pl,
or more, of water.

With the RNeasy procedure, all RNA molecules longer than 200 nucleotides are isolated.
The procedure provides an enrichment for mRNA since most RNAs <200 nucleotides (such
as 5.85 rRNA, 5S rRNA, and fRNAs, which together comprise 15-20% of total RNA) are
selectively excluded. The size distribution of purified RNA is comparable to that obtained
by centrifugation through a CsCl cushion, where small RNAs do not sediment efficiently.

In this handbook different protocols are provided for different starting materials. The protocols
differ primarily in the lysis and homogenization of the sample and in the adjustment of the
conditions for binding RNA to the RNeasy membrane. Once the sample is bound to the
membrane, the protocols are similar (see flowchart).
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The RNAlater principle and procedure

RNAlater RNA Stabilization Reagent, included in RNeasy Protect Kits, represents a novel
technology for RNA protection in animal tissues and other biological samples, allowing
transport and storage at ambient temperatures. Large numbers of samples can be easily
processed without the need for freezing with liquid nitrogen or storage on dry ice.
RNAlater RNA Stabilization Reagent rapidly permeates tissue and single cells to stabilize
and protect cellular RNA in situ. For RNA protection and sample storage, the biological
sample is submerged in an appropriate volume of RNAlater RNA Stabilization Reagent
immediately after harvesting the material. The reagent preserves RNA for up to 1 day at
37°C, 7 days at 18 to 25°C, or 4 weeks at 2 to 8°C, allowing transportation, storage,
and shipping of samples without ice or dry ice. Alternatively, the samples can also be
placed at —20°C or -80°C for archival storage.

Description of protocols
Isolation of Total RNA from Animal Cells

Samples (maximum 1 x 107 cells using the spin protocol; 1 x 10° cells using the vacuum
protocol; amounts depend on cell line used) are disrupted in buffer containing guanidine
isothiocyanate and homogenized. An overview of disruption and homogenization methods
is given on pages 20-24. Ethanol is then added to the lysate, creating conditions that
promote selective binding of RNA to the RNeasy silica-gel membrane. The sample is then
applied to the RNeasy mini column. Total RNA binds to the membrane, contaminants are
efficiently washed away, and high-quality RNA is eluted in RNase-free water. Using the
Spin Protocol (pages 31-35), all bind, wash, and elution steps are performed by
centrifugation in a microcentrifuge. Using the Vacuum Protocol (pages 36-41), bind and
wash steps are performed on a QlAvac 24 or QlAvac 6S vacuum manifold, and the final
elution steps are performed by centrifugation in a microcentrifuge.

Isolation of Cytoplasmic RNA from Animal Cells

This protocol is particularly advantageous in applications where unspliced or partially
spliced RNA is not desirable, since the cytoplasm contains RNA in its mature form.
Cytoplasmic RNA accounts for 85% of total cellular RNA. This protocol is also optimal in
applications where the absence of DNA contamination is critical, since the intact nuclei
are removed. Homogenization to shear genomic DNA is not required. Cultured cells are
lysed in a buffer containing a nonionic detergent, which lyses the cell plasma membrane.
Nuclei remain intact during the lysis procedure and are removed by centrifugation. GITC-
containing lysis buffer and ethanol are added to the supernatant to provide optimal
conditions for selective binding of the RNA to the RNeasy silica-gel membrane. The sample
is then applied to the RNeasy mini column. Cytoplasmic RNA binds to the membrane,
contaminants are efficiently washed away, and high-quality RNA is eluted in RNasefree
water.
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RNA Stabilization in Tissues with RNAlater RNA Stabilization Reagent

This handbook provides a detailed protocol for stabilization of RNA in animal tissues.
Purification of total RNA from the stabilized tissues can subsequently be carried out using
RNeasy Protect Kits or RNeasy Kits following the Protocol for Isolation of Total RNA from
Animal Tissues (page 50). In addition, RNAlafer technology can be used for RNA stabilization
in other sample material, such as eukaryotic cellculture cells or white blood cells (see
“Guidelines for Other RNAlater Applications” on page 102).

Isolation of Total RNA from Animal Tissues

Fresh, frozen, or RNAlater stabilized tissue samples (maximum 30 mg; amounts depend
on tissue used) are disrupted in buffer containing guanidine isothiocyanate and homogenized.
An overview of disruption and homogenization methods is given on pages 20-24.
Ethanol is then added to the lysate, creating conditions that promote selective binding of
RNA to the RNeasy silica-gel membrane. The sample is then applied to the RNeasy mini
column. Total RNA binds to the membrane, contaminants are efficiently washed away,
and high-quality RNA is eluted in RNase-free water.

Isolation of Total RNA from Bacteria

Bacteria (maximum 1 x 10° bacteria) are incubated in a buffer containing lysozyme to
digest the bacterial cell wall prior to lysis. After addition of GITC-containing lysis buffer
and ethanol, the sample is loaded onto an RNeasy mini column. Total RNA binds fo the
RNeasy silica-gel membrane, contaminants are efficiently washed away, and high-quality
RNA is eluted in RNasefree water.

Isolation of Total RNA from Yeast

Two different protocols are provided for the isolation of total RNA from yeast (maximum
5 x 107 yeast cells). The protocols differ primarily in the way the yeast cell walls are broken.
In general, the profocols function equally well. For some applications the Enzymatic Lysis
Protocol might be preferable since no additional laboratory equipment is required. The
Mechanical Disruption Protocol, however, is well-suited for time-course experiments where
enzymatic digestion incubations are not practical.

Enzymatic Lysis Protocol (standard and abbreviated versions)

This protocol uses zymolase or lyticase digestion of the cell walls to convert cells to
spheroplasts, which are processed using the RNeasy Mini Kit. In the standard
protocol, spheroplasts are separated from the digestion mixture before lysis by cen-
trifugation. In the abbreviated version of this protocol, for use with up to 2 x 107 yeast
cells, the digestion mixture is used directly in the RNeasy procedure without prior
separation of the spheroplasts. After addition of GITC-containing lysis buffer and
ethanol, samples are loaded onto the RNeasy mini column. Total RNA binds fo the
RNeasy silica-gel membrane, contaminants are efficiently washed away, and high-
quality RNA is eluted in water.
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Mechanical Disruption Protocol

Using this profocol, yeast cells are lysed and homogenized by mechanical disruption
during high-speed agitation in a bead-mill homogenizer in the presence of glass
beads and GITC<ontaining lysis buffer. Ethanol is added to the lysate creating conditions
that promote selective binding of RNA to the RNeasy silica-gel membrane. The sample
is then applied to the RNeasy mini column. Total RNA binds to the membrane,
confaminants are efficiently washed away, and high-quality RNA is eluted in water.

Isolation of Total RNA from Plant Cells and Tissues and Filamentous Fungi

In the RNeasy Plant and Fungi Protocol, samples (maximum 100 mg) are first ground in
liquid nitrogen and then lysed under highly denaturing conditions. The RNeasy Plant Mini
Kit includes a choice of lysis buffers, Buffer RLT and Buffer RLC, which contain GITC or
guanidine hydrochloride (GuHCI), respectively. The higher cell disruption and denaturing
properties of Buffer RLT frequently make it the buffer of choice. However some tissues,
such as milky endosperm of maize or mycelia of filamentous fungi, solidify in this buffer
making the extraction of RNA impossible. In these cases Buffer RLC should be used. After
lysis with either buffer, samples are centrifuged through a QlAshredder™ homogenizer,
which is supplied with the RNeasy Plant Mini Kit. This simultaneously removes insoluble
material and reduces the viscosity of the lysates by disrupting gelatinous material often
formed in plant and fungal lysates. Ethanol is added to the cleared lysate, creating
conditions which promote selective binding of RNA fo the RNeasy silica-gel membrane. The
sample is then applied to the RNeasy mini column. Total RNA binds to the membrane,
contaminants are efficiently washed away, and high-quality RNA is eluted in water.

RNeasy Plant Mini Kits can also be used for total RNA minipreparation from animal cells
and tissues, bacteria, and yeast.

RNA Cleanup

The RNeasy Mini Kit, RNeasy Protect Mini Kit, and RNeasy Plant Mini Kit can be used to
purify RNA from enzymatic reactions (e.g., DNase digestion, RNA labeling) or for desalting
RNA samples (maximum 100 pg RNA). GITC-containing lysis buffer and ethanol are
added to the sample to create conditions that promote selective binding of RNA to the
RNeasy membrane. The sample is then applied to the RNeasy mini column. RNA binds
to the RNeasy silica-gel membrane, contaminants are efficiently washed away, and high-
quality RNA is eluted in water.

Specialized protocols

In addition to the standard protocols in this handbook, a specialized RNeasy Mini Protocol
for Isolation of Total RNA from Heart, Muscle, and Skin Tissue is included in Appendix C
(page 93). This protocol includes a proteinase digestion and optimized procedure for
these tissues, which have an abundance of contractile proteins, connective tissues, and
collagen.
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Optional On-Column DNase Digestion with the RNase-Free DNase Set

Generally, DNase digestion is not required with RNeasy Mini Kits since the RNeasy
silica-membrane technology efficiently removes most of the DNA without DNase treatment.
However, further DNA removal may be necessary for certain RNA applications that are
sensitive o very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
target). In these cases, residual DNA can be removed using the RNase-Free DNase Set
(cat. no. 79254 for optional on-column DNase digestion (see Appendix D, page 99).
The DNase is efficiently removed in subsequent wash steps. Alternatively, residual DNA
can be removing by a DNase digestion after RNA isolation. The DNase digestion can
then be cleaned up, if desired, using the RNeasy Mini Protocol for RNA Cleanup.
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Important Points before Using RNeasy Kits

Determining the amount of starting material

Using the correct amount of starting material is essential in order to obtain high yield and
pure RNA with RNeasy columns. The maximum amount that can be used is limited by:

® The volume of Buffer RLT required for efficient lysis and the maximum loading
volume of the RNeasy column

e The RNA binding capacity of the RNeasy column (100 pg)

For samples that contain high amounts of RNA, this means that less than the absolute maximum
amounts of starting material listed in Table 1 should be used in order not to exceed the
RNA binding capacity of the column. For samples which contain average or low amounts
of RNA, the maximum amount of starting material can be used. In these cases, even though
the RNA binding capacity of the column may not be reached, the maximum amount of
starting material must not be exceeded or lysis will be incomplete, resulting in lower yield
and purity. The maximum amount of a specific biological sample that can be processed
depends on the type of tissue or cells being processed and the corresponding RNA
content. More information for calculating starting amounts of material is given in each
protocol. Typical amounts of starting materials for use with RNeasy columns are shown in
Table 1. Table 2 gives examples of expected RNA yields from various sources.

Note: If the binding capacity of the RNeasy column is exceeded, yields of total RNA will
not be consistent and less than 100pg of total RNA may be recovered. If lysis of the
starting material is incomplete, yields of total RNA will be lower than expected, even if the
binding capacity of the RNeasy column is not exceeded.

Table 1. RNeasy mini column specifications

Maximum binding capacity 100 pg RNA
Maximum loading volume 700 pl

RNA size distribution RNA >200 nucleotides
Minimum elution volume 30l

Maximum amount of starting material

Animal cells 1x107*
Animal tissue 30 mg*
Bacteria 1x10°*
Yeast 5x107*
Plant tissue 100 mg
Filamentous fungi 100 mg

* For larger amounts, RNeasy Kits and RNeasy Protect Kits are available in midi and maxi formats. Please call our
Technical Service Group or see ordering information on pages 108-109.
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Table 2. Yields of total RNA with RNeasy Mini or RNeasy Plant Mini Kits

Average yield
Source of total RNA* (pg)
Cell cultures (1 x 10¢ cells)
NIH/3T3 10
Hela 15
COS7 35
LMH 12
Huh 15
Mouse/rat tissues (10 mg)
Embryo (13 day) 25
Brain 8
Heart 101
Kidney 35
Liver 40
Spleen 35
Thymus 45
Lung 10

Average yield

Source of total RNA* (pg)
Bacteria (1 x 107 cells)

E. coli 55

B. subtilis 33
Yeast (1 x 107 cells)

S. cerevisiae 25
Plant (100 mg leaves)

Arabidopsis 35

Maize 25

Tomato 65

Tobacco 60

*Amounts can vary due fo species, developmental stage, growth conditions used, efc. Since the RNeasy procedure
enriches for mRNA and other RNA species >200 nucleotides, the total RNA yield does not include 5S rRNA,
tRNA, and other low-molecular-weight RNAs, which make up 15-20% of total cellular RNA.

" Using the specialized RNeasy Mini Protocol for Isolation of Total RNA from Heart, Muscle, and Skin Tissue.

See Appendix C, page 93.
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Counting cells or weighing tissue are the most accurate ways to quantitate the amount of
starting material. However, the following may be used as a guide.

Animal cells
The number of Hela cells obtained in various culture dishes after confluent growth is
given in Table 3.

Table 3. Growth area and number of Hela cells in various culture dishes

Cell culture vessel Growth area (cm?)* Number of cells
Multiwell-plates
96-well 0.32-0.6 4-5 x 10
48-well 1 1x10°
24-well 2 25x10°
12-well 4 5x10°
6-well 9.5 1x10°
Dishes
35 mm 8 1x10¢
60 mm 21 2.5x10¢
100 mm 56 7 x10¢
145-150 mm 145 2x 10
Flasks
40-50 ml 25 3x10¢
250-300 ml 75 1x10
650-750 ml 162-175 2x107

* Per well, if multiwell plates are used; varies slightly depending on the supplier.

" Cell numbers are given for Hela cells (approximate length = 15 pm), assuming confluent growth. Cell
numbers will vary for different kinds of animal cells, which vary in length from 10 to 30 pm.

Animal tissue
A 3 mm cube (27 mm?®) of most animal tissues weighs 30-35 mg.

Bacteria and yeast

Bacterial and yeast growth are usually measured using a spectrophotometer. However,
it is very difficult to give specific and reliable recommendations for the relations
between OD values and cell numbers in bacterial and yeast cultures. Cell density is
influenced by a variety of factors (e.g. species, media, and shaker speed) and OD
readings of cultures measure light scattering rather than absorption. Measurements of
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light scattering are highly dependent on the distance between the sample and the
detector and therefore readings vary between different types of spectrophotometer.
In addition, different species show different OD values at defined wavelengths
(e.g. 600 or 436 nm).

We therefore recommend calibrating the spectrophotometer used by comparing
OD measurements at appropriate wavelengths with viable cell densities defermined
by plating experiments (e.g. see Ausubel, F.M. et al., eds. (1991) Current Protocols
in Molecular Biology, New York: Wiley Interscience). OD readings should be
between 0.05 and 0.3 to ensure significance. Samples with readings above 0.3
should be diluted so that the readings fall within this range and the dilution factor
used in calculating the number of cells per ml.

The following calculation can be considered as a rough guide that may be helpful.
An E. coli culture of 1 x 10? cells per ml, diluted 1 in 4, gives ODgqq values of
0.25 measured using a Beckman DU®7400 or 0.125 using a Beckman DU-40
spectrophotometer. These correspond to calculated OD values of 1.0 or 0.5 respectively
for 1 x 10? cells per ml. The same ODgqq values of 1.0 or 0.5 respectively are obtained
for a S. cerevisiae culture with a cell density of 1-2 x 107 cells per ml.

Plant tissue
A 1.5 cm diameter leaf disc weighs 25-75 mg.

Handling and storage of starting material

RNA in tissues is not protected after harvesting until the sample is treated with RNAlater
RNA Stabilization Reagent, flash frozen, or disrupted and homogenized in the presence
of RNase-inhibiting or denaturing reagents.

For stabilization in RNAlater RNA Stabilization Reagent, included in RNeasy Protect Kits,
samples should be submerged in the appropriate volume of the reagent immediately affer
harvesting the material. This prevents unwanted changes in the gene-expression pattern
due to RNA degradation or new induction of genes. The relevant procedures for harvesting
and stabilization should be carried out as quickly as possible. See “Important Notes before
Using RNeasy Protect Kits and RNAlater RNA Stabilization Reagent”, page 25.

Alternatively, samples can be immediately flash frozen in liquid nitrogen and stored at
-70°C as soon as they are harvested or excised. Frozen animal or plant tissue should not
be allowed to thaw during handling or weighing, but cell pellets can partially thaw enough
to allow them to be dislodged by flicking. The relevant procedures should be carried out
as quickly as possible.

Samples can also be stored at—70°C in lysis buffer (Buffer RLT) after disruption and homog-
enization. Frozen samples are stable for months.

Note: Only freshly harvested samples can be used for enzymatic lysis of yeast cells or isolation
of cytoplasmic RNA from animal cells.
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Disruption and homogenization of starting materials

Efficient disruption and homogenization of the starting material is an absolute requirement
for all total RNA isolation procedures. Disruption and homogenization are two distinct steps.

Disruption: Complete disruption of cells walls and plasma membranes of cells and
organelles is absolutely required to release all the RNA contained in the
sample. Different samples require different methods fo achieve complete
disruption. Incomplete disruption results in significantly reduced yields.

Homogenization: Homogenization is necessary to reduce the viscosity of the cell lysates
produced by disruption. Homogenization shears the high-molecular-
weight genomic DNA and other high-molecular-weight cellular com-
ponents to create a homogeneous lysate. Incomplete homogenization
results in inefficient binding of RNA to the RNeasy membrane and
therefore significantly reduced yields.

Some disruption methods simultaneously homogenize the sample while others require an
additional homogenization step. Table 4 (pages 22-23) gives an overview of
different disruption and homogenization methods suitable for various starting materials.
It can be used as a guide fo choose the appropriate method for the starting material with
which you are working. The different disruption and homogenization methods listed in
Table 4 are described in more detail below.

Note: After storage in RNAlater RNA Stabilization Reagent, tissues become slightly harder
than fresh or thawed tissues. Disruption and homogenization of this tissue, however, is
usually not a problem.

Disruption and homogenization using rotor-stator homogenizers

Rotor—stator homogenizers thoroughly disrupt and simultaneously homogenize, in the
presence of lysis buffer, animal tissues in 5-90 seconds depending on the toughness of
the sample. Rotor—stator homogenizers can also be used to homogenize cell lysates. The
rotor turns at a very high speed causing the sample to be disrupted and homogenized by a
combination of turbulence and mechanical shearing. Foaming of the sample should be
kept to a minimum by using properly sized vessels, by keeping the tip of the homogenizer
submerged and holding the immersed tip fo one side of the tube. Rotor—stator homogenizers
are available in different sizes and operate with differently sized probes. Probes with
diameters of 5 mm and 7 mm are suitable for volumes up to 300 pl and can be used for
homogenization in microfuge tubes. Probes with a diameter of 10 mm or above require
larger tubes. See page 106 for a list of suppliers of rotor—stator homogenizers.
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Disruption and homogenization using the Mixer Mill MM 300 and other bead mills

In bead-milling, cells and tissues can be disrupted by rapid agitation in the presence of
beads and lysis buffer. Disruption and simultaneous homogenization occur by the shearing
and crushing action of the beads as they collide with the cells. Disruption efficiency is
influenced by:

®  size and composition of beads

e ratio of buffer to beads

*  amount of starting material

e speed and configuration of agitator

e disintegration time

The optimal beads to use are is 0.1 mm (mean diameter) glass beads for bacteria, 0.5 mm
glass beads for yeast and unicellular animal cells, and 3-7 mm stainless steel beads for
animal tissues. It is essential that glass beads are pretreated by washing in concentrated
nitric acid. All other disruption parameters must be determined empirically for each
application. A protocol for mechanical disruption of yeast cells with glass beads is included
in this handbook (page 71) since this is the most widespread application for bead-milling.
In addition, Appendix E (page 101) contains guidelines for disruption and homogeniza-
tion of RNAlater stabilized tissues using the Mixer Mill MM 300 and stainless steel beads.
Please refer to suppliers’ guidelines for further details.

Plant tissues can be disrupted in the Mixer Mill MM 300 (see page 108 for ordering infor-
mation) and other bead mills using stainless steel or tungsten carbide beads. In this case,
plant material, beads, and disruption vessels must all be precooled in liquid nitrogen, and
disruption is performed without lysis buffer.

Disruption using a mortar and pestle

For disruption using a mortar and pestle, freeze the sample immediately in liquid nitrogen
and grind to a fine powder under liquid nitrogen. Transfer the suspension (tissue powder
and liquid nitrogen) into a liquid-nitrogen-cooled, appropriately sized tube and allow
the liquid nitrogen to evaporate without allowing the sample to thaw. Add lysis buffer and
continue as quickly as possible with the homogenization according to one of the methods
below.

Note: Grinding the sample using a mortar and pestle will disrupt the sample, but it will
not homogenize it. Homogenization must be performed separately before proceeding
with the RNeasy protocol.
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Table 4. Guide to methods of disruption and homogenization of samples

Starting material Disruption method
Cultured animal cells Addition of lysis buffer
Animal tissue Rotor-stator homogenizer

Mortar and pestle

Mixer Mill MM 300 (for RN Alater stabilized
tissues)

Bacteria Enzymatic (lysozyme) digestion followed by
addition of lysis buffer

Yeast Enzymatic (lyticase/zymolase) digestion of
cell wall followed by lysis of spheroplasts by
addition of lysis buffer

Glass beads in a bead mill with
lysis buffer

Plants and filamentous Mortar and pestle
fungi

* QIAshredder homogenizers are supplied with the RNeasy Plant Mini Kit and can be purchased separately for use with
the RNeasy Mini Kit. See page 108 for ordering information.
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Homogenization method

Comments

Rotor-stator homogenizer
or QlAshredder homogenizer*
or syringe and needle

If <1 x 10° cells are processed, lysate
can be homogenized by vortexing.
No homogenization needed for
cytoplasmic RNA protocol

Rotor-stator homogenizer

QlAshredder homogenizer*
or syringe and needle

Mixer Mill MM 300

Simultaneously disrupts and
homogenizes.

Rotor—stator homogenizer usually gives
higher yields than mortar and pestle

The Mixer Mill MM 300 gives results
comparable to using a rotor-stator
homogenizer

Vorfex If more than 5 x 10° cells are being
processed further homogenization
using QlAshredder homogenizer* or a
syringe and needle may increase yield.
Vortex

Glass beads in a bead mill
with lysis buffer

Bead-milling simultaneously disrupts
and homogenizes; bead-milling cannot
be replaced by vortexing.

QlAshredder homogenizer*

Mortar and pestle cannot be replaced
by rotor-stator homogenizer.
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Homogenization using QlAshredder homogenizers

Use of QlAshredder modules is a fast and efficient way to homogenize cell and tissue
lysates without cross contamination of the samples. The lysate (maximum volume 700 pl)
is loaded onto the QlAshredder spin column sitting in a 2 ml collection tube, spun for 2 min
at maximum speed in a microfuge and the homogenized lysate collected. QlAshredder spin
columns are supplied in the RNeasy Plant Mini Kit and can be purchased separately for use
with RNeasy Mini Kits. Call our Technical Service Group for further details or see ordering
information on page 108.

Homogenization using a syringe and needle

Cell and tissue lysates can be homogenized using a syringe and needle. High-molecular-
weight DNA can be sheared by passing the lysate through a 20-gauge (0.9 mm) needle,
attached to a sterile plastic syringe, at least 5-10 times or until a homogeneous lysate is
achieved. Increasing the volume of lysis buffer may be required to facilitate handling and
minimize loss.
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Important Points before Using RNeasy Protect Kits and
RNAIlater RNA Stabilization Reagent

Handling of the starting material prior to stabilization

RNA in tissues is not protected after harvesting until the sample is treated with RNAlater
RNA Stabilization Reagent. Samples should be submerged in the appropriate volume of
the reagent immediately after harvesting the material. This prevents unwanted changes in
the gene-expression pattern due to RNA degradation or new induction of genes. The
relevant procedures for harvesting and stabilization should be carried out as quickly as
possible.

RNAIlater RNA Stabilization Reagent stabilizes RNA in freshly harvested samples. Previously
frozen tissue samples thaw too slowly in the reagent, thus preventing it from diffusing into
the tissue quickly enough before the RNA begins to degrade.

Maximum tissue size for effective stabilization
Tissue size is critical for successful RNA stabilization with RNAlater technology.

RNAlater RNA Stabilization Reagent penetrates the sample by diffusion and protects the
cellular RNA. Immediately upon contact, the reagent diffuses info individual cells and into
the surface layer and outer portions of solid tissues. In order o ensure rapid and reliable
stabilization of RNA even in the inner parts of solid tissues, the sample must be cut into
slices less than 0.5 cm thick. The slices can be any convenient size so long as one dimension
of the sample is <0.5 cm.

Small organs such as rat kidney and spleen or most mouse organs (except liver) can be
processed whole with RNAlater RNA Stabilization Reagent. Larger samples should simply
be cut into slices less than 0.5 cm thick.

I tissue slices are thicker than 0.5 cm, diffusion of the reagent into the sample will be too

slow for reliable RNA stabilization in the interior. RNA degradation will occur in tissue
slices that are too thick.

Determining the volume of RNAlater RNA Stabilization Reagent for
RNA stabilization in animal tissues

RNA is protected in animal fissues in situ only after the sample is completely submerged
in a sufficient volume of RNAlater RNA Stabilization Reagent. An appropriate volume of
RNAI/ater RNA Stabilization Reagent is essential for reliable RNA stabilization in various
tissue types.

The tissue should be placed in at least 10 volumes of RNAlater RNA Stabilization Reagent
(or approximately 10 pl reagent per 1 mg fissue). Larger volumes can be used if necessary
or desired. Smaller volumes may lead to RNA degradation during storage.
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The tissue should be completely submerged in the RNAlater RNA Stabilization Reagent.
Storage containers should be wide enough so that the reagent is able to cover the entire
tissue. Storage containers or tubes with large diameters may require more of the reagent
to completely cover the tissue.

If the tissue samples are transported in RNAlafer RNA Stabilization Reagent make sure
that the tissue remains submerged in the liquid during transport. Make sure that the tubes
remain upright during transport, or fill the tube completely with RNAlater RNA Stabilization
Reagent.

The following may be used as a guide for defermination the amount of tissue for
stabilization:

A cube of rat kidney with a 5 mm edge length ([5 mm]* = 125 mm® = 125 pl) weighs
150-175 mg and requires at least 1.5-1.75 ml of RNAlater RNA Stabilization
Reagent.

A 3 mm cube ([3 mm]® = 27mm® = 27 pl) of most animal tissues weighs 30-35 mg
and requires at least 300-350 pl of RNAlater RNA Stabilization Reagent.

Although weighing tissues is generally more accurate, RNA in unstabilized tissues will
degrade during weighing. In some cases, however, it may be more convenient fo quickly
estimate the weight of tissue pieces. RNA in tissues weighing, for example, 200 mg can
be stabilized in 2 ml of RNAlater RNA Stabilization Reagent (10 pl/1 mg tissue). For tissue
pieces weighing more than 200 mg, more of the reagent must be used in order to have
10 volumes of RNAlater RNA Stabilization Reagent. For tissue pieces weighing less than
200 mg, less RNAlater RNA Stabilization Reagent can be used (although it is always possible
to add more).

Average weights of various entire adult mouse organs and the corresponding amounts of
RNAlater RNA Stabilization Reagent to use are given in Table 5.

Table 5. Tissue weights and amounts of RNAlater RNA Stabilization Reagent

Mouse Amount of RNAlafer RNA
organ Weight Stabilization Reagent
Kidney 180-250 mg >2.5 ml
Spleen 100-160 mg >1.6 ml
Lung 190-210 mg >2.1 ml
Heart 100-170 mg >1.7 ml
Liver 1.0-1.8¢ >18 ml
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Reagents and Equipment to Be Supplied by User

See page 106 for a list of suppliers of disruption and homogenization equipment and
enzymes.

For all protocols

14.3 M B-mercaptoethanol (B-ME)* (commercially available solutions are usually 14.3 M)
Sterile, RNase-free pipet tips

Microcentrifuge (with rotor for 2 ml tubes)

Equipment for disruption and homogenization (see pages 20-24)

Ethanol (96-100%)

Disposable gloves

For animal cell and animal tissue protocols
Ethanol (70%)

For animal cell protocols
For isolation of total RNA using vacuum technology

*  QlAvac 24 (cat. no. 19403); or QlAvac 6S (cat. no. 19503) with the QlAvac
Luer Adapter Set (cat. no. 19541); or other vacuum manifold with luer connectors
and capable of dealing with vacuum pressures of -800 to ~900 mbar

®  Vacuum source capable of generating a vacuum pressure of ~800 to ~900 mbar.
We recommend using a vacuum pump with a capacity of 18-20 liter/min (e.g.,
as supplied by KNF Neuberger). Use of insufficient vacuum pressure may reduce
RNA vyield and purity.
Note: This protocol requires higher vacuum pressures than those used for other
protocols on the QlAvac. Most water pumps or house vacuums do not provide
sufficient vacuum pressure.

e Optional: Vacuum Regulator (cat. no. 19530); to measure the pressure difference
between the inside and outside of a vacuum sysfem. A vacuum pressure of -800 to
-900 mbar should develop when RNeasy mini columns are used on the vacuum
manifold. Vacuum pressures exceeding =900 mbar should be avoided. The vacuum
pressure is the pressure differential between the inside of the manifold and the
atmosphere (standard atmospheric pressure: 1013 mbar or 760 mm Hg) and
can be regulated and measured using a pressure gauge or vacuum regulator.
Vacuum recommendations are given in negative units fo indicate the required
reduction in pressure with respect to the atmosphere.

* BME must be added to Buffer RLT and Buffer RLC before use. B-ME is toxic; dispense in a fume hood and
wear appropriate protective clothing. Add 10 pl of BME per 1 ml of Buffer RLT or RLC. The solution is stable for
1 month after the addition of BME.
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e Optional: VacConnectors (cat. no. 19407); these disposable connectors fit
between the RNeasy mini columns and the luer extensions on the QlAvac 24 or
the QlAvac Luer Adapters on the QlAvac 6S. They prevent direct contact
between the RNeasy mini columns and luer connectors during RNA purification,
avoiding any cross confamination between samples. VacConnectors are
discarded after single use.

For isolation of cytoplasmic RNA
Buffer RLN* 50 mM Tris-Cl, pH 8.0
140 mM NaCl
1.5 mM MgCl,
0.5% Nonidet P-40'
Just before use add:
1000 U/ml RNase inhibitor (optional)
1 mM DTT (optional)

For bacterial protocol
TE buffer' (10 mM Tris-Cl, 1 mM EDTA pH 8.0)

Lysozyme (20 mg/ml in water for Gram-negative or 50 mg/ml in water for Gram-positive
bacteria respectively). Store lysozyme stock solution in single-use aliquots at ~20°C. Add
lysozyme stock solution to TE buffer just before use.

For Gram-negative bacteria:
Add 2 pl of 20 mg/ml lysozyme stock solution per 100 pl of TE buffer.

For Gram-positive bacteria:
Add 6 pl of 50 mg/ml lysozyme stock solution per 100 pl of TE buffer.

* The use of molecular-biology-grade reagents is recommended.

" Nonidet P-40 is no longer manufactured. It can be replaced with Nonidet P-40 Substitute (Fluka, cat. no. 74385)
or Igepal’ CA-630 (SIGMA, cat. no. 1 3021).

28 RNeasy Mini Handbook 06/2001



For yeast protocols
Enzymatic protocol

Ethanol (70%)

Buffer for enzymatic lysis:

Depending on the yeast strain and enzyme used, the amount of enzyme and
composition of this buffer may vary. Please adhere to guidelines of enzyme
supplier. However, in most cases Buffer Y1 (see below) can be used.

Buffer Y1* 1 M sorbitol
0.1 M EDTA, pH 7.4
Just before use add:
0.1% PME
50 U lyticase/zymolase per 107 cells

Mechanical disruption protocol

Acid-washed glass beads, 0.5 mm diameter:

Prepare acid-washed glass beads (0.45-0.55 mm diameter) by soaking in
concentrated nitric acid' for 1 hour, washing extensively with deionized water,
and drying in a baking oven.

Mixer Mill MM 300 or other bead mill

For plant and fungi protocol
Liquid nitrogen®

Mortar and pestle (alternatively: bead mill)

* The use of molecular-biology-grade reagents is recommended.

" Nitric acid is extremely carrosive and can cause severe burns. Use in a fume hood and take appropriate safety
measures.

* liquid nitfrogen can cause severe burns. Take appropriate safety measures.
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RNeasy Mini Protocols for Isolation of Total RNA from
Animal Cells

Determining the correct amount of starting material

It is essential fo use the correct number of cells in order to obtain optimal RNA yield and

purity with RNeasy columns. A minimum of 100 cells can generally be processed with

RNeasy mini columns.* The maximum number of cells that can be used depends on the

specific RNA content of the cell line used, which varies greatly between cell types. Two

main criteria limit the maximum number of cells to use:

e The binding capacity of the RNeasy mini column (100 pg RNA)

e The volume of Buffer RLT required for efficient lysis. The maximum volume of Buffer
RLT that can be used in the RNeasy procedure limits the amount of starting material
to an absolute maximum of 1 x 107 cells.

The following examples illustrate how to determine the correct maximum amount of starting
material:

COS cells: High RNA content (approximately 35 pg RNA per 10° cells)

No more than 3 x 10° cells can be used. Otherwise the binding
capacity of the RNeasy mini column will be exceeded

Hela cells: Average RNA content (approximately 15 pg RNA per 10¢ cells)

No more than 7 x 10° cells can be used. Otherwise the binding
capacity of the RNeasy mini column will be exceeded

NIH/3T3 cells: Low RNA content (approximately 10 pg RNA per 10¢ cells)

The maximum number of cells (1 x 107) that can be processed with
the RNeasy mini column can be used.

If the cell type used is not shown in Table 2 (page 17) and you have no information about
the RNA content of your starting material, we recommend starting with no more than
3-4 x 10¢ cells. Depending on yield and purity, it may be possible to increase the cell
number in subsequent preparations.

Do not overload the column. Overloading will significantly reduce yield and purity.

The numbers of Hela cells expected in certain cell culture vessels are shown in Table 3
(page 18).

* Please call QIAGEN Technical Services for guidelines to purify RNA from smaller numbers of cells.
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RNeasy Mini Protocol for Isolation of Total RNA from
Animal Cells

I. Spin Protocol
Important notes before starting

[02040.14

e If using RNeasy Kits for the first time, read “Important Points before Using RNeasy
Kits” (page 16).
e If working with RNA for the first time, read Appendix A (page 88).

e RNA in cells can be stabilized in RNAlater RNA Stabilization Reagent for later use.
See Appendix F (page 102) for details.
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e Cell pellets can be stored at =70°C for later use or used directly in the procedure.
Determine the number of cells before freezing. Frozen cell pellets should be thawed
slightly so that cell pellets can be dislodged by flicking in step 2. Homogenized cell
lysates (in Buffer RLT, step 3) can be stored at —70°C for several months. To process
frozen lysates, thaw samples for 15-20 min at 37°C in a water bath to dissolve salts.
If any insoluble material is visible, centrifuge for 5 min at 3000-5000 x g. Transfer
supernatant to a new RNasefree glass or polypropylene tube, and continue with
step 4.

¢ B-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. 3-ME is toxic;
dispense in a fume hood and wear appropriate protective clothing. Add 10 pl B-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of 3-ME.

e Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

e Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are
sensitive to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a
low-abundant target). In these cases, the small residual amounts of DNA remaining
can be removed using the RNase-Free DNase Set (cat. no. 79254) for the optional
on-column DNase digestion (see page 99) or by a DNase digestion after RNA
isolation. For on-column DNase digestion with the RNase-Free DNase Set, prepare
the DNase | stock solution as described on page 99 before beginning the procedure.

e Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

e Buffer RLT and Buffer RW1 contain a guanidine salt and are therefore not compatible
with disinfecting reagents containing bleach. Guanidine is an irritant. Take appropriate
safety measures and wear gloves when handling.

e All steps of the RNeasy protocol should be performed at room temperature. During
the procedure, work quickly.
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All centrifugation steps are performed at 20-25°C in a standard microcentrifuge.
Ensure that the centrifuge does not cool below 20°C.

Harvest cells.

a.

Cells grown in suspension (Do not use more than 1 x 107 cells.)

Determine the number of cells. Pellet the appropriate number of cells for 5 min
at 300 x g in a cenfrifuge tube (not supplied). Carefully remove all supernatant
by aspiration, and continue with step 2 of the protocol.

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

Cells grown in a monolayer (Do not use more than 1 x 107 cells.)

Cells grown in a monolayer in cell-culture vessels can either be lysed directly in
the culture vessel (up to 10 cm diameter) or trypsinized and collected as a cell
pellet prior to lysis. Cells grown in a monolayer in cell-culture flasks should
always be trypsinized.

To lyse cells directly in culture dish: Determine the number of cells. (Table 3 on
page 18 gives approximate cell numbers for various cell-culture vessels.)
Completely aspirate cell-culture medium, and continue immediately with step 2
of the protocol.

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

To trypsinize cells: Defermine the number of cells. (Table 3 on page 18 gives
approximate cell numbers for various cell-culture vessels.) Aspirate medium, and
wash cells with PBS. Aspirate PBS and add 0.10-0.25% trypsin in PBS to
trypsinize the cells. After cells detach from the dish or flask, add medium
(containing serum fo inactivate the trypsin), transfer cells to an RNasefree glass
or polypropylene centrifuge tube (not supplied), and pellet by centrifugation at
300 x g for 5 min. Completely aspirate supernatant, and continue with step 2
of the protocol.

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

Disrupt cells by addition of Buffer RLT.

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

Note: Incomplete loosening of the cell pellet may lead to inefficient lysis and reduced
yields. Ensure that B-ME is added to Buffer RLT before use (see “Important notes
before starting”).
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Number of pelleted cells Buffer RLT (pl)

<5x10¢ 350
5x10°-1x10 600

[02040.14

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

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
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starting”).
Dish diameter (cm) Buffer RLT (pl)*
<6 350
6-10 600

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

dish.

3. Homogenize the sample.

Three alternative methods (a, b, or c) may be used to homogenize the sample. After
homogenization, proceed with step 4. See “Disruption and homogenization of starting
material”, pages 20-24, for a more detailed description of homogenization method:s.

If <1 x 10° cells are processed, the cells can be homogenized by vortexing for 1 min.

Note: Incomplete homogenization will lead to significantly reduced yields and can
cause clogging of the RNeasy mini column. Homogenization with rotor—stator or
QlAshredder homogenizers generally results in higher RNA yields than with a
syringe and needle.

a. Pipet the lysate directly onto a QlAshredder spin column placed in a 2 ml
collection tube, and centrifuge for 2 min at maximum speed.

or
b. Homogenize cells for 30 s using a rotor-stator homogenizer.
or

c. Pass the lysate at least 5 times through a 20-gauge needle (0.9 mm diameter)
fitted to an RNase-free syringe.
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Add 1 volume (usually 350 pl or 600 pl) of 70% ethanol to the homogenized lysate,
and mix well by pipetting. Do not centrifuge.

If some lysate is lost during homogenization, adjust volume of ethanol accordingly.

Note: Visible precipitates may form after the addition of ethanol when preparing
RNA from certain cell lines, but this will not affect the RNeasy procedure.

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

Reuse the collection tube in step 6.

If the volume exceeds 700 pl, load aliquots successively onto the RNeasy column,
and cenfrifuge as above. Discard the flow-through after each centrifugation step. *

Optional: QIAGEN offers the RNase-Free DNase Set (cat. no. 79254) for convenient
on-column DNase digestion during RNA purification. Generally, DNase digestion is
not required since the RNeasy silica-membrane technology efficiently removes most
of the DNA without DNase treatment. However, further DNA removal may be
necessary for certain RNA applications that are sensitive to very small amounts of
DNA (e.g., TagMan RT-PCR analysis with a low-abundant target). If using the RNase-
Free DNase Set, follow the steps shown on pages 99-100 after performing this step.

Add 700 pl Buffer RW1 to the RNeasy column. Close the tube gently, and centrifuge
for 15 s at >8000 x g (>10,000 rpm) to wash the column. Discard the flow-through
and collection tube.*

Skip this step if performing the optional on-column DNase digestion (page 99).

Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 8.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

* Flow-through contains Buffer RLT or Buffer RW'1 and is therefore not compatible with bleach.

34

RNeasy Mini Handbook 06/2001



8a.

10.

Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
centrifuge for 2 min at >8000 x g (>10,000 rpm) to dry the RNeasy silica-gel
membrane. Continue directly with step 9, or, to eliminate any chance of possible
Buffer RPE carryover, continue first with step 8a.

It is important fo dry the RNeasy silicagel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over
during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the collection
tube carefully so the column does not contact the flow-through as this will result in
carryover of ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

If the expected RNA yield is >30 pg, repeat the elution step (step 9) as described with
a second volume of RNase-free water. Elute into the same collection tube.

To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 9). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.
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RNeasy Mini Protocol for Isolation of Total RNA from
Animal Cells

Il. Vacuum Protocol
Important notes before starting

e If using RNeasy Kits for the first time, read “Important Points before Using RNeasy
Kits” (page 16).
e If working with RNA for the first time, read Appendix A (page 88).

e RNA in cells can be stabilized in RNAlater RNA Stabilization Reagent for later use.
See Appendix F (page 102) for details.
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e Cell pellets can be stored at —70°C for later use or used directly in the procedure.
Determine the number of cells before freezing. Frozen cell pellets should be thawed
slightly so that cell pellets can be dislodged by flicking in step 2. Homogenized cell
lysates (in Buffer RLT, step 3) can be stored at —70°C for several months. To process
frozen lysates, thaw samples for 15-20 min at 37°C in a water bath to dissolve salts.
If any insoluble material is visible, centrifuge for 5 min at 3000-5000 x g. Transfer
supernatant to a new RNase-free glass or polypropylene tube, and continue with step 4.

e  Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are sensitive
to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
target). In these cases, the small residual amounts of DNA remaining can be removed
using the RNase-Free DNase Set (cat. no. 79254) for the optional on-column DNase
digestion (see page 99) or by a DNase digestion after RNA isolation. For on-column
DNase digestion with the RNase-Free DNase Set, prepare the DNase | stock solution
as described on page 99 before beginning the procedure.

¢ B-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. 3-ME is toxic;
dispense in a fume hood and wear appropriate protective clothing. Add 10 pl 3-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of B-ME.

e Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

e Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

® Do not use more than 10¢ cells per prep. The cell numbers in each prep should be
similar (no more than a twofold difference between the highest and lowest) to allow
uniform flow rates on the vacuum manifold.

e Between loading steps, the vacuum must be switched off and the manifold ventilated
to maintain uniform conditions for each sample. This can be done with a vacuum
regulator inserted between the vacuum source and the vacuum manifold.
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e Always use caution and wear safety glasses when working near a vacuum manifold
under pressure.

e Always leave the lids of the RNeasy columns open while applying vacuum.
e Prepare the vacuum manifold before use.

*  QlAvac 24: Place the QlAvac 24 lid on top of the QlAvac 24 base. Make sure that
the gasket fits tightly in the groove of the QlAvac 24 lid. Insert up to 24 RNeasy
mini columns into the luer extensions of the QlAvac 24. VacConnectors (optional)
can be inserted between each RNeasy mini column and luer extension to avoid
any cross confamination between samples. Close unused positions with luer
caps provided with the QlAvac 24. Connect the QlAvac 24 to an appropriate

vacuum source.

®  QlAvac 6S: Open the QlAvac 6S lid. Place QlAvac Luer Adapters (or blanks to
seal unused slots) into the slots of the QlAvac top plate, and close the lid. Place
the waste tray inside the QlAvac base, and place the top plate squarely over the
base. Insert each RNeasy mini column into a luer connector on the Luer
Adapter(s) in the vacuum manifold. VacConnectors (optional) can be inserted
between each RNeasy mini column and luer connector to avoid any cross
contamination between samples. Seal unused luer connectors with plugs provided
in the QlAvac Luer Adapter Set. Connect the QlAvac 6S to an appropriate vacuum
source.

e Other vacuum manifolds: Follow the supplier’s instructions. Insert each RNeasy
mini column info a luer connector.

®  The flow-through from each vacuum step is collected in the QlAvac 24 base or in the
QlAvac 6S waste tray. The capacity of each is sufficient for 24 samples to be
processed without needing fo empty the waste. After sample processing is complete,
discard the liquid waste* and clean the vacuum manifold components as described
in the QlAvac Handbook. With other vacuum manifolds, follow supplier’s instructions.

e All steps of the RNeasy protocol should be performed at room temperature. During
the procedure, work quickly.

e All centrifugation steps are performed at 20-25°C in a standard microcentrifuge.
Ensure that the centrifuge does not cool below 20°C.

* Buffers RLT and RW'1 in the liquid waste contain a guanidine salt, which is an irritant and not compatible with
disinfecting agents containing bleach. Take appropriate safety measures and wear gloves when handling.
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1. Harvest cells.
a. Cells grown in suspension (Do not use more than 1 x 10¢ cells.)

Determine the number of cells. Pellet the appropriate number of cells for 5 min
at 300 x g in a centrifuge tube (not supplied). Carefully remove all supernatant
by aspiration, and continue with step 2 of the protocol.

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

b. Cells grown in a monolayer (Do not use more than 1 x 10° cells.)
Cells grown in a monolayer in cellculture vessels can either be lysed directly in
the culture vessel (up to 10 cm diameter) or trypsinized and collected as a cell

pellet prior to lysis. Cells grown in a monolayer in cellculture flasks should
always be trypsinized.
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To lyse cells directly in culture dish: Determine the number of cells. (Table 3 on
page 18 gives approximate cell numbers for various cell-culture vessels.)
Completely aspirate cell-culture medium, and continue immediately with step 2
of the protocol.

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

To trypsinize cells: Determine the number of cells. (Table 3 on page 18 gives
approximate cell numbers for various cell-culture vessels.) Aspirate medium, and
wash cells with PBS. Aspirate PBS and add 0.10-0.25% trypsin in PBS to
trypsinize the cells. After cells detach from the dish or flask, add medium
(containing serum to inactivate the trypsin), transfer cells to an RNase-free glass
or polypropylene centrifuge tube (not supplied), and pellet by centrifugation at
300 x g for 5 min. Completely aspirate supernatant, and continue with step 2
of the protocol.

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

2. Disrupt cells by addition of Buffer RLT.
For pelleted cells, loosen the cell pellet thoroughly by flicking the tube. Add 350 pl
Buffer RLT. Vortex or pipet to mix, and proceed to step 3.

Note: Incomplete loosening of the cell pellet may lead to inefficient lysis and reduced
yields. Ensure that B-ME is added to Buffer RLT before use (see “Important notes
before starting”).
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For direct lysis of cells grown in a monolayer, add the 350 pl Buffer RLT to the
cell-culture dish (If 350 pl is not enough to cover the cellculture dish, use 600 pl Buffer
RLT instead. Be sure then also to use 600 pl of 70% ethanol later in step 4). Collect
cell lysate with a rubber policeman. Pipet lysate into a microcentrifuge tube (not
supplied). Vortex or pipet to mix, and ensure that no cell clumps are visible before
proceeding to step 3.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting”).
3. Homogenize the sample.

Three alternative methods (a, b, or ¢) may be used to homogenize the sample. After
homogenization, proceed with step 4. See “Disruption and homogenization of starting
I”, pages 20-24, for a more detailed description of homogenization methods.
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If <1 x 10° cells are processed, the cells can be homogenized by vortexing for 1 min.

Note: Incomplete homogenization will lead to significantly reduced yields and can
cause clogging of the RNeasy mini column. Homogenization with rotor—stator or
QlAshredder homogenizers generally results in higher RNA yields than with @
syringe and needle.

a. Pipet the lysate directly onto a QlAshredder spin column placed in a 2 ml
collection tube, and centrifuge for 2 min at maximum speed.

or
b. Homogenize cells for 30 s using a rotor-stator homogenizer.
or
c. Pass the lysate at least 5 times through a 20-gauge needle (0.9 mm diameter)
fitted to an RNase-free syringe.
4. Add 1 volume (usually 350 pl or 600 pl) of 70% ethanol to the homogenized lysate,
and mix well by pipetting. Do not centrifuge.
If some lysate is lost during homogenization, adjust volume of ethanol accordingly.
Note: Visible precipitates may form after the addition of ethanol when preparing
RNA from certain cell lines, but this will not affect the RNeasy procedure.

5. Pipet 700 pl of each sample from step 4, including any precipitate that may have
formed, into each RNeasy column on the vacuum manifold.
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10.

11.

12.

13.

*

Switch on vacuum source. Apply vacuum unfil transfer is complete. Switch off vacuum,
and ventilate the vacuum manifold.

Make sure that the vacuum manifold is assembled correctly before loading. The flow-
through is collected in the QlAvac 24 base or the QlAvac 6S waste tray.* If the
column clogs, switch off vacuum, ventilate, and try again. If it still clogs, continue
with the standard RNeasy Mini Protocol for Isolation of Total RNA from Animal Cells
using a microcentrifuge.

Note: The vacuum must be switched off and the manifold ventilated between pipetting
steps to maintain uniform conditions for each sample.

If necessary, repeat steps 5 and 6 with the remaining volume (approx. 500 pl) of
each sample.

The flow-through is collected in the QlAvac 24 base or the QlAvac 6S waste tray. *
Pipet 700 pl Buffer RW1 onto each RNeasy column.

Switch on vacuum source. Apply vacuum unfil transfer is complete. Switch off vacuum,
and ventilate the vacuum manifold.

The flow-through is collected in the QlAvac 24 base or the QlAvac 6S waste tray.*
Pipet 750 pl Buffer RPE onto each RNeasy column.

Note: Ensure that ethanol is added to Buffer RPE before use (see “Important notes
before starting”).

Switch on vacuum source. Apply vacuum unfil transfer is complete. Switch off vacuum,
and ventilate the vacuum manifold.

The flow-through is collected in the QlAvac 24 base or the QlAvac 6S waste tray.
Remove RNeasy column from vacuum manifold, and place in a 2 ml collection tube
(provided).

Pipet 250 pl Buffer RPE to the RNeasy column. Close the tube gently, and centrifuge
for 2 min at >10,000 x g (>12,500 rpm) to dry the RNeasy silica-gel membrane.
Continue directly with step 14, or, to eliminate any chance of possible Buffer RPE
carryover, continue first with step 13a.

It is important to dry the RNeasy silica-gel membrane since residual ethanol may
interfere with downstream reactions. This centrifugation ensures that no ethanol is
carried over during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the
collection tube carefully so the column does not contact the flow-through as this will
result in carryover of ethanol.

Flow-through contains a guanidine salt, which is an irritant and not compatible with disinfecting agents

containing bleach. Take appropriate safety measures and wear gloves when handling.
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13a. Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

14. To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

15. If the expected RNA yield is >30 pg, repeat the elution step (step 14) as described
with a second volume of RNase-free water. Elute into the same collection tube.

To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 14). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.
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RNeasy Mini Protocol for Isolation of Cytoplasmic RNA
from Animal Cells

Determining the correct amount of starting material

It is essential fo use the correct number of cells in order to obtain optimal RNA yield and

purity with RNeasy columns. A minimum of 100 cells can generally be processed with

RNeasy mini columns.* The maximum number of cells that can be used depends on the

specific RNA content of the cell line used, which varies greatly between cell types. Read

the detailed information on page 30 to determine the correct number of cells fo use.

Important notes before starting

e If using RNeasy Kits for the first time, read “Important Points before Using RNeasy
Kits” (page 16).

e If working with RNA for the first time, read Appendix A (page 88).

e Only use freshly harvested cells. Ice crystals form during freezing and thawing and
destroy the nuclear membranes, releasing DNA and other nuclear molecules. After
addition of Buffer RLT (step 4), samples can be stored at ~70°C for several months.
To process, frozen lysates should be thawed and incubated at 37°C for 10 min to
ensure that all salts have been dissolved. Vortex vigorously. If any insoluble material
remains, centrifuge for 2 min and use the supernatant. Continue with step 5.

®  Prepare Buffer RN and precool to 4°C.

50 mM Tris-Cl, pH 8.0
140 mM NaCl
1.5 mM MgCl,
0.5% (v/v) Nonidet P-40* (1.06 g/ml)
Just before use, add:
1000 U/ml RNase inhibitor (optional)
1 mM DTT (optional)

*  B-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. 3-ME is toxic;
dispense in a fume hood and wear appropriate protective clothing. Add 10 pl B-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of 3-ME.

e Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

Please call QIAGEN Technical Services for guidelines to purify RNA from smaller numbers of cells.

" The use of molecular biology grade reagents is recommended.

* Nonidet P-40 is no longer manufactured. It can be replaced with Nonidet P-40 Substitute (Fluka, cat. no. 74385)
or Igepal CA-630 (SIGMA, cat. no. | 3021).
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e Using the cytoplasmic protocol, DNase digestion is generally not required: most of
the DNA is removed by pelleting the nuclei during the procedure, and the RNeasy
silica-membrane technology efficiently removes nearly all of the remaining small
amounts of DNA without DNase treatment. However, further DNA removal may be
desirable for certain RNA applications that are sensitive to very small amounts of
DNA (e.g., TagMan RT-PCR analysis with a low-abundant target). In these cases, the
small residual amounts of DNA remaining can be removed using the RNase-Free
DNase Set (cat. no. 79254) for the optional oncolumn DNase digestion (see
page 99) or by a DNase digestion after RNA isolation. For on-column DNase digestion
with the RNase-Free DNase Set, prepare the DNase | stock solution as described on
page 99 before beginning the procedure.

e Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

e Buffer RLT and Buffer RW1 contain a guanidine salt and are therefore not compatible
with disinfecting reagents containing bleach. Guanidine is an irritant. Take appropriate
safety measures and wear gloves when handling.

e Celllysis is performed on ice and the following centrifugation at 4°C. All subsequent
steps of the RNeasy protocol should be performed at room temperature. With the
exception of Buffer RLN, buffers should not be precooled.

e After cell harvesting and pelleting of nuclei, all centrifugation steps are performed at
20-25°C in a standard microcentrifuge. Ensure that the centrifuge does not cool
below 20°C.

1. Harvest cells.
a. Cells grown in suspension (Do not use more than 1 x 107 cells.)

Determine the number of cells. Pellet the appropriate number of cells for 5 min
at 300 x g in a centrifuge tube (not supplied). Decant supernatant. Carefully
remove all remaining media by aspiration, and continue with step 2 of the
protocol.

Note: Incomplete removal of the cell-culture medium will inhibit lysis and dilute
the lysate, affecting the conditions for binding of RNA to the RNeasy silica-gel
membrane. Both effects may reduce RNA yield.
b. Cells grown in a monolayer (Do not use more than 1 x 107 cells.)

Cells grown in a monolayer in cell-culture dishes with a diameter of <3.5 cm can
either be lysed directly in the culture dish or trypsinized and collected as a cell
pellet prior to lysis. Cells grown in a monolayer in cellculture flasks or larger
cell-culture dishes should always be trypsinized.
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To lyse directly in cell-culture dish (<3.5 cm diameter): Determine the number of
cells. (Table 3 on page 18 gives approximate cell numbers for various cell-culture
vessels.) Completely aspirate cell-culture medium, and continue immediately with
step 2 of the protocol.

To trypsinize cells: Determine the number of cells. (Table 3 on page 18 gives
approximate cell numbers for various cell-culture vessels.) Aspirate medium, and
wash cells with PBS. Aspirate PBS, and add 0.10-0.25% trypsin in PBS to
trypsinize the cells. After cells detach from the dish or flask, add medium
(containing serum to inactivate the trypsin), transfer cells fo a centrifuge tube (not
supplied), and pellet by centrifugation at 300 x g for 5 min. Completely aspirate
supernatant, and continue with step 2 of the protocol.

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

Add Buffer RLN to lyse plasma membrane.

For pelleted cells, loosen the cell pellet thoroughly by flicking the tube. Carefully resus-
pend cells in 175 pl cold (4°C) Buffer RLN, and incubate on ice for 5 min. Proceed
to step 3.

The suspension should clear rapidly, indicating lysis of the plasma membrane, which
occurs almost immediately.

Note: Incomplete loosening of the cell pellet may lead to inefficient lysis and reduced
yields. For isolation of cytoplasmic RNA, freshly harvested cells must be used.

For direct lysis of cells in cell-culture dishes (<3.5 cm diameter), add 175 pl cold Buffer
RLN (4°C). Detach cells gently using a rubber policeman, and transfer to a micro-
centrifuge tube (not supplied). Incubate on ice for 5 min. Proceed to step 3.

The suspension should clear rapidly, indicating lysis of the plasma membrane, which
occurs almost immediately.

Centrifuge lysate at 4°C for 2 min at 300 x g. Transfer supernatant to a new
centrifuge tube (not supplied), and discard the pellet. After centrifuging, heat the
centrifuge to 20-25°C if the same centrifuge is fo be used in the following centrifu-
gation steps of the protocol.

The supernatant contains the cytoplasmic extract. It is generally slightly cloudy and
yellow-white, depending on the cell type used. The pellet contains the nuclei and cell
debris. The pellet is white and considerably smaller than the whole cell pellet
obtained during harvesting in step 1.
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4. Add 600 pl Buffer RLT to the supernatant. Mix thoroughly by vigorously vortexing.
No further homogenization is required since genomic DNA is not released.
Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting”).

5. Add 430 pl ethanol (96-100%) to the homogenized lysate. Mix thoroughly by
pipetting. Do not centrifuge.

A precipitate may form after the addition of ethanol, but this will not affect the RNeasy
procedure.

6. Apply 700 pl of the sample, including any precipitate that may have formed, to an
RNeasy mini column placed in a 2 ml collection tube (supplied). Close the tube gently,
and centrifuge for 15 s at >8000 x g (>10,000 rpm). Discard the flow-through.
Repeat with the remaining sample.

Reuse the collection tube in step 7.

If the volume exceeds 700 pl, load aliquots successively onto the RNeasy column,
and centrifuge as above. Discard the flow-through after each centrifugation step. *

Optional: QIAGEN offers the RNase-Free DNase Set (cat. no. 79254) for convenient
on-column DNase digestion during RNA purification. Using the cytoplasmic protocol,
DNase digestion is generally not required: most of the DNA is removed by pelleting
the nuclei during the procedure, and the RNeasy silica-membrane technology
efficiently removes nearly all of the remaining small amounts of DNA without DNase
treatment. However, further DNA removal may be desirable for certain RNA
applications that are sensitive to very small amounts of DNA (e.g., TagMan RT-PCR
analysis with a low-abundant target). If using the RNase-Free DNase Set, follow the
steps shown on pages 99-100 after performing this step.

7. Add 700 pl Buffer RW1 to the RNeasy column. Close the tube gently, and centrifuge
for 15 s at >8000 x g (>10,000 rpm) to wash the column. Discard the flow-through
and collection tube.*

Skip this step if performing the optional on-column DNase digestion (page 99).

8. Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 9.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

* Flow-through contains Buffer RLT or Buffer RW1 and is therefore not compatible with bleach.
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9a.

10.

11.

Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
centrifuge for 2 min at >8000 x g (>10,000 rpm) to dry the RNeasy silica-gel
membrane. Continue directly with step 10, or, fo eliminate any chance of possible
Buffer RPE carryover, continue first with step 9a.

It is important fo dry the RNeasy silicagel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over
during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the
collection tube carefully so the column does not contact the flow-through as this will
result in carryover of ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

If the expected RNA yield is >30 pg, repeat the elution step (step 10) as described
with a second volume of RNase-free water. Elute into the same collection tube.

To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 10). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.
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Protocol for RNA Stabilization in Tissues with RNAlater
RNA Stabilization Reagent

This protocol describes the procedure for storing human and animal tissues in RNAlater
RNA Stabilization Reagent, included in RNeasy Protect Kits. For RNA isolation from
stabilized tissues using RNeasy Protect Kits or RNeasy Kits, see the RNeasy Mini Protocols
for Isolation of Total RNA from Animal Tissues, page 50.

Important notes before starting

If using RNeasy Protect Kits or RNAlater RNA Stabilization Reagent for the first time,
read “Important Notes before Using RNeasy Protect Kits and RNAlafer RNA
Stabilization Reagent” on pages 16 and 26.

It is important to use sufficient volumes of RNAlater RNA Stabilization Reagent to
effectively preserve the RNA in tfissues. Using too little of the reagent will lead to
degradation of RNA in the tissues during storage. Read “Determining the volume of
RNAlater RNA Stabilization Reagent for RNA stabilization in animal fissues” on
page 25.

The tissue must be cut into slices less than 0.5 cm thick. If the tissue slice is thicker
than 0.5 cm, it will need to be cut into thinner slices before storing in RNAlater RNA
Stabilization Reagent (see step 2 in the protocol, and read “Maximum tissue size for
effective stabilization” on pages 25-26). If tissue slices are thicker than 0.5 cm, dif-
fusion of the reagent into the sample may be too slow for reliable RNA stabilization
in the inferior. RNA degradation will occur in tissue slices that are too thick.

Only fresh, unfrozen samples can be stabilized using RNAlater RNA Stabilization
Reagent. Previously frozen tissue samples thaw too slowly in the reagent, thus
preventing it from diffusing into the tissue quickly enough before the RNA begins to
degrade.

RNA is not protected after harvesting until the sample is treated with RNAlater RNA
Stabilization Reagent. Samples should be submerged in the appropriate volume of
RNAlater RNA Stabilization Reagent immediately after harvesting the material (see
steps 1-3 in the protocol below).

RNAlater RNA Stabilization Reagent may form a precipitate when stored below
room temperature (15 to 25°C). The precipitate can be redissolved by heating to
37°C with agitation. Redissolve any precipitate before using.

Before excising the tissue sample, estimate the volume (or weight) of the tissue piece
to be stabilized in RNAlater RNA Stabilization Reagent.

Determine the appropriate volume of RNAlater RNA Stabilization Reagent needed
for preserving the tissue to be used. A minimum of 10 volumes of RNAlater RNA
Stabilization Reagent (or approximately 10 pl/1 mg of fissue) is required. Calculate
the correct amount, and pipet it into an appropriate collection vessel.
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If the tissue samples are to be transported in RNAlater RNA Stabilization Reagent
make sure that the tissue remains submerged in the liquid during transport (see
“Determining the volume of RNAlater RNA Stabilization Reagent for RNA stabilization
in animal tissues” on page 25).

Note: The tissue should be placed in at least 10 volumes of RNAlater RNA
Stabilization Reagent (or 10 pl reagent per 1 mg tissue). Larger volumes can be used
if necessary or desired. Smaller volumes will lead to RNA degradation during
storage. See “Determining the volume of RNAlater RNA Stabilization Reagent for
RNA stabilization in animal tissues” on page 25.

Excise the tissue sample from the animal, and cut it into slices less than 0.5 ¢m thick.
Perform this step as quickly as possible. Then proceed immediately with step 4.

If the tissue is already thinner than 0.5 cm (in at least one dimension), it does not
need to be cut info smaller pieces. Proceed immediately with step 4.

Note: If tissue slices are thicker than 0.5 c¢m, diffusion of the reagent into the sample
will be too slow for reliable RNA stabilization in the interior. RNA degradation will
occur in tissue slices that are too thick. Simply cut larger tissue pieces prior to stabi-
lization into slices less than 0.5 cm thick. The slices can be any convenient size so
long as one dimension of the sample is <0.5 cm. See “Maximum tissue size for
effective stabilization” on pages 25-26.

Completely submerge the tissue piece(s) in the RNAlater RNA Stabilization Reagent
(pipetted into the collection vessel in step 2).

Note: RNA in tissues is not protected after harvesting until the sample is treated with
RNAlater RNA Stabilization Reagent. Samples should be submerged in the appro-
priate volume of the reagent immediately after harvesting the material.

If the tissue samples are to be transported, make sure that the tubes remain upright
during transport, or fill the tube completely with RNAlater RNA Stabilization Reagent.

Store the tissue submerged in RNAlater RNA Stabilization Reagent for up to 4 weeks
at 2 to 8°C, up to 7 days at 18 to 25°C, or up to 1 day at 37°C.

For archival storage at —20°C, first incubate the sample overnight in the reagent at
2 to 8°C. Then transfer the tissue, in the reagent, to —20 °C for storage.

For archival storage at -80 °C, first incubate the sample overnight in the reagent at
2 to 8°C. Then remove the tissue from the RNAlater RNA Stabilization Reagent, and
transfer it to ~80°C for storage.

Samples stored in RNAlater RNA Stabilization Reagent at —20°C may not freeze.
The low temperature may cause the formation of crystals or a precipitate in the
storage solution. This will not affect subsequent RNA isolation. There is no need to
redissolve the precipitate.
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RNAlater stabilized samples stored at —20°C or -80°C can be thawed at room
temperature and frozen again for up to 20 freeze-thaw cycles without affecting RNA
quality or yield.

After storage, continue with the RNeasy Mini Protocol for Isolation of Total RNA from
Animal Tissues (page 50).

Note: If available, lower temperatures are recommended for longer storage (e.g.,
2 to 8°C for up to 4 weeks instead of 37°C or room temperature; ~20°C or -80°C
for longer storage).
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RNeasy Mini Protocol for Isolation of Total RNA from

Animal Tissues
Determining the correct amount of starting material

It is essential to begin with the correct amount of tissue in order to obtain optimal RNA
yield and purity with RNeasy columns. A maximum amount of 30 mg tissue can generally
be processed with RNeasy mini columns. For most tissues, the binding capacity of the
column (100 pg RNA) and the lysing capacity of Buffer RLT will not be exceeded by these
amounts. Average RNA yields from various sources are given in Table 2 (page 17).

Some tissues such as spleen, parts of brain, lung, and thymus are more difficult to lyse or
tend to form precipitates during the procedure. The volume of lysis buffer may need to be
increased to facilitate complete homogenization and to avoid significantly reduced yields,
DNA contamination, or clogging of the RNeasy column. See protocol for recommended
amounts of lysis buffer to use.

Total RNA isolation from skeletal muscle, heart, and skin tissue can be difficult due to the
abundance of contractile proteins, connective tissue, and collagen. The specialized protocol
in Appendix C (page 93) includes a proteinase digestion and optimized RNA isolation
procedure for these fissues.

If you have no information about the nature of your starting material, we recommend
starting with no more than 10 mg of fissue. Depending on the yield and purity obtained,
it may be possible to increase the amount of fissue to 30 mg.

Do not overload the column. Overloading will significantly reduce yield and quality.
Important notes before starting

e Ifusing RNeasy or RNeasy Protect Kits for the first time, read “Important Points before
Using RNeasy Kits” (page 16).
e If working with RNA for the first time, read Appendix A (page 88).

®  For best resulls, stabilize animal tissues immediately in RNAlafer RNA Stabilization
Reagent following the protocol on page 47. Tissues can be stored in RNAlater RNA
Stabilization Reagent for up to 1 day at 37°C, 7 days at 18-25°C, 4 weeks at 2-8°C,
or for archival storage at —20°C or -80°C.

e Fresh, frozen, or RNAlater stabilized tissue can be used. To freeze tissue for long-
term storage, flash-freeze in liquid nitrogen, and immediately transfer to —70°C.
Tissue can be stored for several months at =70°C. To process, do not allow tissue
to thaw during weighing or handling prior to disruption in Buffer RLT. Homogenized
tissue lysates (in Buffer RLT, step 4) can also be stored at —70°C for several months.
To process frozen lysates, thaw samples and incubate for 15-20 min at 37°C in a
water bath to dissolve salts. Continue with step 5.

¢ B-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. 3-ME is toxic;
dispense in a fume hood and wear appropriate protective clothing. Add 10 pl 3-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of 3-ME.
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Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are sensitive
to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
target). In these cases, the small residual amounts of DNA remaining can be removed
using the RNase-Free DNase Set (cat. no. 79254) for the optional on-column DNase
digestion (see page 99) or by a DNase digestion after RNA isolation. For on-column
DNase digestion with the RNase-Free DNase Set, prepare the DNase | stock solution
as described on page 99 before beginning the procedure.

Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

Buffer RLT and Buffer RW1 contain a guanidine salt and are therefore not compatible
with disinfecting reagents containing bleach. Guanidine is an irritant. Take appropriate
safety measures and wear gloves when handling.

All steps of the RNeasy protocol should be performed at room temperature. During
the procedure, work quickly.

All centrifugation steps are performed at 20-25°C in a standard microcentrifuge.
Ensure that the centrifuge does not cool below 20°C.

Excise the tissue sample from the animal or remove it from storage. Remove RNAlater
stabilized fissues from the reagent using forceps.

Determine the amount of tissue. Do not use more than 30 mg.

Weighing tissue is the most accurate way to determine the amount. See page 50 for
guidelines to determine the amount of starting material.

For RNAlater stabilized tissues:

If the entire piece of RNAlafer stabilized tissue can be used for RNA isolation, place
it directly into a suitably sized vessel for disruption and homogenization, and
proceed with step 4.

If only a portion of the RNAlater stabilized tissue is to be used, place the tissue on a
clean surface for cutting, and cut it. Determine the weight of the piece to be used, and
place it info a suitably sized vessel for homogenization. Proceed with step 4.

RNA in the RNAlater treated tissue is still protected while the tissue is processed at
18 1o 25°C. This allows cutting and weighing of tissues at ambient temperatures. It
is not necessary to cut the tissue on ice or dry ice or in a refrigerated room. The
remaining tissue can be placed into RNAlater RNA Stabilization Reagent for further
storage. Previously stabilized tissues can be stored at -80°C without the reagent.
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For unstabilized fresh or frozen tissues:

If the entire piece of tissue can be used for RNA isolation, place it directly into a
suitably sized vessel for disruption and homogenization, and proceed immediately
with step 4.

If only a portion of the fissue is to be used, determine the weight of the piece to be
used, and place it into a suitably sized vessel for homogenization. Proceed immedi-
ately with step 4.

RNA in tissues is not protected after harvesting until the sample is treated with
RNAlater RNA Stabilization Reagent, flash frozen, or disrupted and homogenized
in protocol step 4. Frozen animal tissue should not be allowed to thaw during
handling. The relevant procedures should be carried out as quickly as possible.

Note: The remaining fresh tissue can be placed into RNAlater RNA Stabilization
Reagent for stabilization (see Protocol for RNA Stabilization in Tissues with RNAlater
RNA Stabilization Reagent, page 47). However, previously frozen tissue samples
thaw too slowly in the reagent, thus preventing it from diffusing into the tissue quickly
enough before the RNA begins to degrade.

Disrupt tissue and homogenize lysate in Buffer RLT. (Do not use more than 30 mg
fissue.)

Disruption and homogenization of animal tissue can be performed by 4 alternative
methods (a, b, ¢, or d). See pages 20-24 for a more detailed description of disruption
and homogenization methods.

After storage in RNAlater RNA Stabilization Reagent, tissues may become slightly
harder than fresh or thawed fissues. Disruption and homogenization of fissue samples
using standard methods is usually not a problem. For easier disruption and homog-
enization it is recommended fo increase the volume of lysis Buffer RLT to 600 pl as
recommended for tissues that are difficult to lyse.

Note: Incomplete homogenization will lead to significantly reduced yields and can
cause clogging of the RNeasy column. Homogenization with rotor-stator homogenizers
generally results in higher total RNA yields than with other homogenization methods.

a. Rotor-stator homogenization:

Place the weighed (fresh, frozen, or RNAlater stabilized) fissue in a suitably sized
vessel for the homogenizer. Add the appropriate volume of Buffer RLT (see
below). Homogenize immediately using a conventional rotor-stator homogenizer
until the sample is uniformly homogeneous (usually 20-40 s). Continue the protocol
with step 5.

Rotor—stator homogenization simultaneously disrupts and homogenizes the sample.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes
before starting”).
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Amount of starting material Volume of Buffer RLT
<20 mg 350 pl or 600 pl*
20 to 30 mg 600 pl

* Use 600 pl Buffer RLT if preparing RNA from tissues that have been stabilized in RNAlater RNA
Stabilization Reagent or that are difficult to lyse.

Mortar and pestle with QlAshredder homogenization:

Immediately place the weighed (fresh, frozen, or RNAlater stabilized) fissue in
liquid nitrogen, and grind thoroughly with a mortar and pestle. Decant tissue
powder and liquid nitrogen into an RNase-free, liquid-nitrogen—cooled, 2 ml
microcentrifuge tube (not supplied). Allow the liquid nitrogen to evaporate, but
do not allow the tissue to thaw.

Add the appropriate volume of Buffer RLT (see below). Pipet the lysate directly
onto a QlAshredder spin column placed in 2 ml collection tube, and centrifuge
for 2 min at maximum speed. Continue the protocol with step 5.

Grinding the sample using a mortar and pestle will disrupt the sample, but it will
not homogenize it. Homogenization is carried out by centrifugation through the
QlAshredder spin column.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes
before starting”).

Amount of starting material Volume of Buffer RLT
<20 mg 350 pl or 600 pl*
20 to 30 mg 600 pl

* Use 600 pl Buffer RLT if preparing RNA from tissues that have been stabilized in RNAlater RNA
Stabilization Reagent or that are difficult to lyse.

Mortar and pestle with needle and syringe homogenization:

Immediately place the weighed (fresh, frozen, or RNAlafer stabilized) tissue in
liquid nitrogen, and grind thoroughly with a mortar and pestle. Decant tissue
powder and liquid nitrogen into an RNase-free, liquid-nitrogen—cooled, 2 ml
microcentrifuge tube (not supplied). Allow the liquid nitrogen to evaporate, but
do not allow the tissue to thaw.

Add the appropriate volume of Buffer RLT (see below), and homogenize by pass-
ing lysate at least 5 times through a 20-gauge needle fitied to an RNase-free
syringe. Continue the protocol with step 5.

Grinding the sample using a mortar and pestle will disrupt the sample, but it will
not homogenize it. Homogenization is carried out with the needle and syringe.
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Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes
before starting”).

Amount of starting material Volume of Buffer RLT
<20 mg 350 pl or 600 pl*
20 to 30 mg 600 pl

* Use 600 pl Buffer RLT if preparing RNA from tissues that have been stabilized in RNAlater RNA
Stabilization Reagent or that are difficult to lyse.

d. Mixer Mill MM 300:

See “Appendix E: Disruption and Homogenization of RNAlater Stabilized Tissues
Using the Mixer Mill MM 300" (page 101) for guidelines.

The Mixer Mill MM 300 simultaneously disrupts and homogenizes the sample.
Centrifuge the fissue lysate for 3 min at maximum speed in a microcentrifuge. Carefully
transfer the supernatant fo a new microcentrifuge tube (not supplied) by pipetting.
Use only this supernatant (lysate) in subsequent steps.

In some preparations, very small amounts of insoluble material will be present, making
the pellet invisible.

Add 1 volume (usually 350 pl or 600 pl) of 70% ethanol to the cleared lysate, and
mix immediately by pipetting. Do not centrifuge. Continue without delay with step 7.

If some lysate is lost during steps 4 and 5, adjust volume of ethanol accordingly.

A precipitate may form after the addition of ethanol, but this will not affect the RNeasy
procedure.

Apply up to 700 pl of the sample, including any precipitate that may have formed,
to an RNeasy mini column placed in a 2 ml collection tube (supplied). Close the tube
gently, and centrifuge for 15 s at >8000 x g (=10,000 rpm). Discard the flow-
through.

Reuse the collection tube in step 8.

If the volume exceeds 700 pl, load aliquots successively onto the RNeasy column,
and centrifuge as above. Discard the flow-through after each centrifugation step.!

Optional: QIAGEN offers the RNase-Free DNase Set (cat. no. 79254) for convenient
on-column DNase digestion during RNA purification. Generally, DNase digestion is
not required since the RNeasy silica-membrane technology efficiently removes most
of the DNA without DNase treatment. However, further DNA removal may be
necessary for certain RNA applications that are sensitive to very small amounts of
DNA (e.g., TagMan RT-PCR analysis with a low-abundant target). If using the RNase-
Free DNase Set, follow the steps shown on pages 99-100 after performing this step.

" Flow-through contains Buffer RLT or Buffer RW1 and is therefore not compatible with bleach.
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10a.

11.

12.

Add 700 pl Buffer RW1 to the RNeasy column. Close the tube gently, and centrifuge
for 15 s at >8000 x g (>10,000 rpm) to wash the column. Discard the flow-through
and collection tube.*

Skip this step if performing the optional on-column DNase digestion (page 99).

Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 10.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
cenfrifuge for 2 min at >8000 x g (>10,000 rpm) fo dry the RNeasy silica-gel membrane.
Continue directly with step 11, or, to eliminate any chance of possible Buffer RPE
carryover, continue first with step 10a.

Itis important fo dry the RNeasy silicagel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over
during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the collection
tube carefully so the column does not contact the flow-through as this will result in
carryover of ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

If the expected RNA yield is >30 pg, repeat the elution step (step 11) as described
with a second volume of RNase-free water. Elute into the same collection tube.

To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 11). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.

* Flow-through contains Buffer RLT or Buffer RW'1 and is therefore not compatible with bleach.
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RNeasy Mini Protocol for Isolation of Total RNA from
Bacteria

Determining the correct amount of starting material

It is essential to use the correct number of bacteria in order o obtain optimal RNA yield
and purity with RNeasy columns. Two main criteria limit the maximum number of bacteria
to use:

e The RNA binding capacity of the RNeasy mini column (100 pg RNA)

e The volume of Buffer RLT required for efficient lysis. The maximum volume of Buffer
RLT that can be used in the RNeasy procedure limits the amount of starting material
to an absolute maximum of 1 x 107 bacteria.

For bacterial cultures containing high levels of RNA, fewer bacteria should be used in
order not to exceed the RNA binding capacity of the RNeasy mini column. For bacterial
cultures containing lower levels of RNA, the maximum number of bacteria can be used.
In these cases, even though the RNA binding capacity of the column may not be reached,
use of more cells would lead to incomplete lysis, resulting in lower RNA yield and purity.
Average RNA yields from some bacterial species are given in Table 2 (page 17) and can
be used as a guide for calculating the number of bacteria to use.

If the bacterial species used is not shown in Table 2 (page 17) and you have no information
about the RNA content of your starting material, we recommend starting with no more
than 5 x 10° bacteria. Depending on yield and purity, it may be possible to increase the
number of bacteria in subsequent preparations.

Do not overload the column. Overloading will significantly reduce yield and purity.

Bacterial growth is usually measured using a spectrophotometer. However, it is very difficult
to give specific and reliable recommendations for the relations between OD values and
cell number in cultures. Cell density is influenced by a variety of factors (e.g., species,
media, incubation time, and shaker speed), and OD readings of cultures measure light
scattering rather than absorption. Measurements of light scattering are highly dependent
on the distance between the sample and the detector. Therefore readings vary between
different types of spectrophotometers. In addition, different bacterial species show different
OD values at the same wavelength.

We therefore recommend calibrating the spectrophotometer used by comparing OD
measurements at appropriate wavelengths with viable cell densities determined by plating
experiments (e.g., see Ausubel, F.M. et al., eds. (1991) Current Protocols in Molecular
Biology, New York: Wiley Interscience). OD readings should be between 0.05 and 0.3
to ensure significance. Samples with readings above 0.3 should be diluted so that the
readings fall within this range. The dilution factor should then be used in calculating the
number of cells per milliliter.
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The following values may be used as a rough guide. An E. coli culture containing 1 x 107 cells
per milliliter, diluted 1 in 4, gives an OD,, value of approximately 0.25 with a Beckman
DU®-7400 spectrophotometer or 0.125 with a Beckman DU-40 spectrophotometer. These
correspond to calculated OD values of 1.0 or 0.5, respectively, for 1 x 10° bacteria per
milliliter.

The RNA content also varies greatly between bacterial strains and under different growth
conditions: 1 x 107 bacteria corresponds to approximately 20160 pg total RNA.

Important notes before starting

If using RNeasy Kits for the first time, read “Important Points before Using RNeasy
Kits” (page 16).

If working with RNA for the first time, read Appendix A (page 88).

For RNA isolation, bacteria should be harvested in log-phase growth.

Bacterial pellets can be stored at =70°C for later use, or used directly in the procedure.
Frozen bacterial pellets should be thawed slightly to allow pellets to be dislodged by
flicking in step 2. Homogenized cell lysates (in Buffer RLT, step 3) can be stored at
~70°C for several months. To process frozen lysates, thaw samples for 15-20 min
at 37°C in a water bath to dissolve salts. Continue with step 4.

Prepare TE buffer, pH 8.0, with 400 pg/ml lysozyme for Gram-negative bacteria or
3 mg/ml lysozyme for Gram-positive bacteria. TE buffer and lysozyme are not
supplied with the kit. See page 28 for details

B-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. B-ME is toxic;
dispense in a fume hood and wear appropriate protective clothing. Add 10 pl B-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of 3-ME.

Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are sensitive
to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
target). In these cases, the small residual amounts of DNA remaining can be removed
using the RNase-Free DNase Set (cat. no. 79254 for the optional on-column DNase
digestion (see page 99) or by a DNase digestion after RNA isolation. For on-column
DNase digestion with the RNase-Free DNase Set, prepare the DNase | stock solution
as described on page 99 before beginning the procedure.

Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

Buffer RLT and Buffer RW 1 contain a guanidine salt and are therefore not compatible
with disinfecting reagents containing bleach. Guanidine is an irritant. Take appropriate
safety measures and wear gloves when handling.
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The bacterial culture should be harvested at 4°C. All subsequent steps of the RNeasy
protocol should be performed at room temperature. During the procedure, work
quickly.

After harvesting the cells, all centrifugation steps should be performed at 20-25°C
in a standard microcentrifuge. Ensure that the centrifuge does not cool below 20°C.

Harvest bacteria by centrifuging at 5000 x g for 5 min at 4°C. (Do not use more than
1 x 10° bacteria.) Decant supernatant, and carefully remove all remaining media by
aspiration. After centrifuging, heat the centrifuge to 20-25°C if the same centrifuge
is to be used in the following centrifugation steps of the protocol.

Note: Incomplete removal of the supernatant will inhibit cell-wall digestion in step 2.

Loosen the bacterial pellet by flicking the bottom of the tube. Resuspend the bacteria
thoroughly in 100 pl of lysozyme-containing TE buffer (see table below) by vortexing.
Incubate at room temperature for the fime indicated below.

Lysozyme concentration  Incubation time
in TE buffer (room temperature)

Gram-negative bacteria 400 pg/ml 3-5 min

Gram-positive bacteria 3 mg/ml 5-10 min

Depending on the bacterial strain used, the amount of enzyme required and/or the
incubation time may vary. For best results, follow the guidelines of the lysozyme
supplier. Complete digestion of the cell wall is essential for efficient lysis.

Add 350 pl Buffer RLT to the sample. Mix thoroughly by vortexing vigorously. If
insoluble material is visible, centrifuge for 2 min in a microcentrifuge at maximum
speed, and use only the supernatant in subsequent steps.

If more than 5 x 10° bacteria are processed, additional homogenization with a
QlAshredder homogenizer or a syringe and needle may increase RNA yield (see
pages 20-24).

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting”).

Add 250 pl ethanol (96-100%) to the lysate. Mix thoroughly by pipetting. Do not
centrifuge.

A precipitate may form after the addition of ethanol, but this will not affect the RNeasy
procedure.
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Apply the sample (usually 700 pl), including any precipitate that may have formed,
to an RNeasy mini column placed in a 2 ml collection tube (supplied). Close the
tube gently, and centrifuge for 15 s at >8000 x g (>10,000 rpm). Discard the
flow-through.

Reuse the collection tube in step 6.

If the volume exceeds 700 pl, load aliquots successively onto the RNeasy column,
and centrifuge as above. Discard the flow-through after each centrifugation step.*

Optional: QIAGEN offers the RNase-Free DNase Set (cat. no. 79254) for convenient
on-column DNase digestion during RNA purification. Generally, DNase digestion is
not required since the RNeasy silica-membrane technology efficiently removes most
of the DNA without DNase treatment. However, further DNA removal may be
necessary for certain RNA applications that are sensitive to very small amounts of
DNA (e.g., TagMan RT-PCR analysis with a low-abundant target). If using the RNase-
Free DNase Set, follow the steps shown on pages 99-100 after performing this step.

Add 700 pl Buffer RW1 to the RNeasy column. Close the tube gently, and centrifuge
for 15 s at >8000 x g (>10,000 rpm) to wash the column. Discard the flow-through
and collection tube.*

Skip this step if performing the optional on-column DNase digestion (page 99).

Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 8.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
cenfrifuge for 2 min at >8000 x g (10,000 rpm) fo dry the RNeasy silica-gel membrane.
Continue directly with step 9, or, to eliminate any chance of possible Buffer RPE
carryover, continue first with step 8a.

Itis important fo dry the RNeasy silicagel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over
during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the collection
tube carefully so the column does not contact the flow-through as this will result in
carryover of ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

* Flow-through contains Buffer RLT or Buffer RW'1 and is therefore not compatible with bleach.
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9. To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

10. If the expected RNA yield is >30 pg, repeat the elution step (step 9) as described with

a second volume of RNase-free water. Elute info the same collection tube.
To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 9). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.

Protocol
Bacteria
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RNeasy Mini Protocols for Isolation of Total RNA from
Yeast

There are two different types of protocol for the isolation of total RNA from yeast.

The Enzymatic Lysis Protocols (standard and abbreviated versions) require digestion of the
cell wall with zymolase or lyticase to convert cells to spheroplasts. In the standard protocol,
spheroplasts are separated from the digestion mixture by centrifugation before lysis by
centrifugation. In the abbreviated version, for use with up to 2 x 107 cells, the digestion
mixture is used directly in the RNeasy procedure without prior separation of the sphero-
plasts.

The Mechanical Disruption Protocol uses high-speed agitation in a bead mill in the presence
of glass beads and lysis buffer to lyse the cells and release the RNA.

The two types of protocol differ primarily in the way the yeast cell walls are disrupted. In
general, the profocols function equally well. For some applications, the Enzymatic Lysis
Protocols may be preferable as no additional laboratory equipment is required. However,
the Mechanical Disruption Protocol can be used in fime-course experiments where enzymatic
incubation steps cannot be tolerated.

Determining the correct amount of starting material

It is essential to use the correct number of yeast cells to obtain optimal RNA yield and purity
with RNeasy columns. Two main criteria limit the maximum number of yeast cells to use:

e The binding capacity of the RNeasy mini column (100 pg RNA)

®  The volume of Buffer RLT required for efficient lysis. The maximum volume of Buffer
RLT that can be used in the RNeasy procedure limits the amount of starting material
to an absolute maximum of 5 x 107 yeast cells.

For yeast cultures containing high levels of RNA, fewer cells should be used in order not
to exceed the RNA binding capacity of the RNeasy mini column. For yeast cultures
containing lower levels of RNA, the maximum number of cells can be used. In these cases,
even though the RNA binding capacity of the column may not be reached, use of more
cells would lead to incomplete lysis, resulting in lower RNA yield and purity.

Usually 2 x 10 = 5 x 107 yeast cells can be processed. Depending on the strain and
growth conditions used, 30-100 pg RNA can be expected from 4.0 x 107 yeast cells.

If you have no information about the RNA content of your starting material, we recommend
starting with no more than 2 x 107 yeast cells. Depending on yield and purity it may be
possible to increase the cell number in subsequent preparations.

Do not overload the column. Overloading will significantly reduce yield and purity.

Yeast growth is usually measured using a spectrophotometer. However, it is very difficult
to give specific and reliable recommendations for the relations between OD values and
cell number in cultures. Cell density is influenced by a variety of factors (e.g., species,
media, incubation time, and shaker speed), and OD readings of cultures measure light
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scattering rather than absorption. Measurements of light scattering are highly dependent
on the distance between the sample and the detector. Therefore readings vary between
different types of spectrophotometers. In addition, different species show different OD values
at the same wavelength.

We therefore recommend calibrating the spectrophotometer used by comparing OD
measurements at appropriate wavelengths with viable cell densities determined by plating
experiments (e.g., see Ausubel, F.M. et al., eds. (1991) Current Protocols in Molecular
Biology, New York: Wiley Interscience). OD readings should be between 0.05 and 0.3
to ensure significance. Samples with readings above 0.3 should be diluted so that the
readings fall within this range. The dilution factor should then be used in calculating the
number of cells per milliliter.

The following values may be used as a rough guide. An S. cerevisiae culture containing
1-2 x 107 cells per milliliter, diluted 1 in 4, gives an OD,q, value of approximately 0.25
with a Beckman DU-7400 spectrophotometer or 0.125 with a Beckman DU-40
spectrophotometer. These correspond to calculated OD values of 1.0 or 0.5, respectively,
for 1-2 x 107 yeast cells per milliliter.

62 RNeasy Mini Handbook 06/2001



RNeasy Mini Protocol for Isolation of Total RNA from
Yeast

l. Enzymatic Lysis Protocol — standard version

Use an appropriate number of yeast cells (see page 61).

| ISDaA
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Important notes before starting

e If using RNeasy Kits for the first time, read “Important Points before Using RNeasy
Kits” (page 16).

*  If working with RNA for the first time, read Appendix A (page 88).

e For RNA isolation from yeast, cells should be harvested in log-phase growth. Use
only freshly harvested cells for the enzymatic lysis protocol.

e Prepare Buffer Y1 (see page 29 for details).
Buffer Y1 1 M sorbitol
0.1 MEDTA, pH 7.4
Just before use, add:
0.1% B-mercaptoethanol
50 U lyticase/zymolase per 1 x 107 cells
Depending on the yeast strain and enzyme used, the incubation time, enzyme concen-
tration, and composition of Buffer Y1 may vary. Please adhere to the guidelines of the
enzyme supplier.
e B-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. B-ME is toxic;

dispense in a fume hood and wear appropriate protective clothing. Add 10 pl B-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of 3-ME.

e Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

®  Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are sensitive
to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
target). In these cases, the small residual amounts of DNA remaining can be removed
using the RNase-Free DNase Set (cat. no. 79254) for the optional on-column DNase
digestion (see page 99) or by a DNase digestion after RNA isolation. For on-column
DNase digestion with the RNase-Free DNase Set, prepare the DNase | stock solution
as described on page 99 before beginning the procedure.

e Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

* The use of molecular biology grade reagents is recommended.
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Buffer RLT and Buffer RW1 contain a guanidine salt and are therefore not compatible
with disinfecting reagents containing bleach. Guanidine is an irritant. Take appropriate
safety measures and wear gloves when handling.

After enzymatic lysis, all steps of the RNeasy protocol should be performed at room
temperature. During the procedure, work quickly.

After harvesting the cells, all centrifugation steps should be performed at 20-25°C
in a standard microcentrifuge. Ensure that the centrifuge does not cool below 20°C.

Harvest yeast cells in a 12 ml or 15 ml centrifuge tube by centrifuging at 1000 x g
for 5 min at 4°C. (Do not use more than 5 x 107 yeast cells.) Decant supernatant, and
carefully remove remaining media by aspiration. After centrifuging, heat the
centrifuge to 20-25°C if the same centrifuge is fo be used in the following centrifu-
gation steps of the protocol.

Incomplete removal of the supernatant will affect digestion of the cell wall in step 2.
Note: Freshly harvested cells must be used.

Resuspend cells in 2 ml freshly prepared Buffer Y1 containing lyticase or zymolase.
Incubate for 10-30 min at 30°C with gentle shaking to generate spheroplasts.
Spheroplasts must be handled gently.

Depending on the yeast strain used, the incubation time, amount of enzyme and

composition of Buffer Y1 may vary. For best results, follow the guidelines of
lyticase/zymolase supplier. Complete spheroplasting is essential for efficient lysis.

Note: Freshly harvested cells must be used for preparation of spheroplasts.
Centrifuge for 5 min at 300 x g fo pellet spheroplasts. Carefully remove and discard
the supernatant.

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

Add 350 pl Buffer RLT to lyse spheroplasts, and vortex vigorously. If insoluble material
is visible, centrifuge for 2 min in a microcentrifuge at maximum speed, and use only
the supernatant in subsequent steps.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting”).

Add 1 volume (usually 350 pl) of 70% ethanol to the homogenized lysate, and mix
thoroughly by pipetting. Do not centrifuge. Confinue immediately with step 6.

A precipitate may form after the addition of ethanol, but this will not affect the RNeasy
procedure.
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9a.

Apply the sample (usually 700 pl), including any precipitate that may have formed,
to an RNeasy mini column placed in a 2 ml collection tube (supplied). Close the tube
gently, and centrifuge for 15 s at >8000 x g (=10,000 rpm). Discard the flow-
through.

Reuse the collection tube in step 7.

If the volume exceeds 700 pl, load aliquots successively onto the RNeasy column,
and centrifuge as above. Discard the flow-through after each centrifugation step.*

Optional: QIAGEN offers the RNase-Free DNase Set (cat. no. 79254) for convenient
on-column DNase digestion during RNA purification. Generally, DNase digestion is
not required since the RNeasy silica-membrane technology efficiently removes most
of the DNA without DNase treatment. However, further DNA removal may be
necessary for certain RNA applications that are sensitive to very small amounts of
DNA (e.g., TagMan RT-PCR analysis with a low-abundant target). If using the RNase-
Free DNase Set, follow the steps shown on pages 99-100 after performing this step.

Add 700 pl Buffer RW1 to the RNeasy column. Close the tube gently, and centrifuge
for 15 s at >8000 x g (>10,000 rpm) to wash the column. Discard the flow-through
and collection tube.*

Skip this step if performing the optional on-column DNase digestion (page 99).

Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 9.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
centrifuge for 2 min at >8000 x g (>10,000 rpm) fo dry the RNeasy silica-gel membrane.
Continue directly with step 10, or, to eliminate any chance of possible Buffer RPE
carryover, continue first with step 9a.

Itis important fo dry the RNeasy silicagel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over
during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the collection
tube carefully so the column does not contact the flow-through as this will result in
carryover of ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

* Flow-through contains Buffer RLT or Buffer RW'1 and is therefore not compatible with bleach.
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10. To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

11. If the expected RNA yield is >30 pg, repeat the elution step (step 10) as described
with a second volume of RNase-free water. Elute into the same collection tube.

=
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To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 10). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.
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RNeasy Mini Protocol for Isolation of Total RNA from
Yeast

Il. Enzymatic Lysis Protocol — abbreviated version
(for up to 2 x 107 cells)

Use an appropriate number of yeast cells (see page é1). Do not use more than 2 x 107 cells
in this protocol.

Important notes before starting

e If using RNeasy Kits for the first time, read “Important Points before Using RNeasy
Kits” (page16).

*  If working with RNA for the first time, read Appendix A (page 88).
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e For RNA isolation from yeast, cells should be harvested in log-phase growth. Use
only freshly harvested cells for the enzymatic lysis protocol.

e Prepare Buffer Y1 (see page 29 for details).
Buffer Y1* 1 M sorbitol
0.1 MEDTA, pH 7.4
Just before use, add:
0.1% B-mercaptoethanol
50 U lyticase/zymolase per 1 x 107 cells

Depending on the yeast strain and enzyme used, the incubation time, enzyme
concentration, and composition of Buffer Y1 may vary. Please adhere to the guidelines
of the enzyme supplier.

e PB-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. B-ME is toxic;
dispense in a fume hood and wear appropriate protective clothing. Add 10 pl B-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of 3-ME.

e Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

®  Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are sensitive
to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
target). In these cases, the small residual amounts of DNA remaining can be removed
using the RNase-Free DNase Set (cat. no. 79254) for the optional on-column DNase
digestion (see page 99) or by a DNase digestion after RNA isolation. For on-column
DNase digestion with the RNase-Free DNase Set, prepare the DNase | stock solution
as described on page 99 before beginning the procedure.

* The use of molecular biology grade reagents is recommended.
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Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

Buffer RLT and Buffer RW1 contain a guanidine salt and are therefore not compatible
with disinfecting reagents containing bleach. Guanidine is an irritant. Take appropriate
safety measures and wear gloves when handling.

After enzymatic lysis, all steps of the RNeasy protocol should be performed at room
temperature. During the procedure, work quickly.

After harvesting the cells, all centrifugation steps should be performed at 20-25°C
in a standard microcentrifuge. Ensure that the centrifuge does not cool below 20°C.

Harvest yeast cells in a 12 ml or 15 ml centrifuge tube by centrifuging at 1000 x g
for 5 min at 4°C. (Do not use more than 2 x 107 yeast cells.) Decant supernatant, and
carefully remove remaining media by aspiration. After centrifuging, heat the
centrifuge to 20-25°C if the same centrifuge is to be used in the following centrifu-
gation steps of the protocol.

Incomplete removal of the supernatant will affect digestion of the cell wall in step 2.
Note: Freshly harvested cells must be used.

Resuspend cells in 100 pl freshly prepared Buffer Y1 containing lyticase or zymolase.
Incubate for 10-30 min at 30°C with gentle shaking fo generate spheroplasts.
Spheroplasts must be handled gently.

Depending on the yeast strain used, the incubation time, amount of enzyme and
composition of Buffer Y1 may vary. For best results, follow the guidelines of
lyticase/zymolase supplier. Complete spheroplasting is essential for efficient lysis.
Note: Freshly harvested cells must be used for preparation of spheroplasts.

Add 350 pl Buffer RLT to lyse spheroplasts, and vortex vigorously. If insoluble
material is visible, centrifuge for 2 min in a microcentrifuge at maximum speed, and
use only the supernatant in subsequent steps.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting”).

Add 250 pl ethanol (96-100%) to the homogenized lysate, and mix thoroughly by
pipetting. Do not centrifuge. Continue immediately with step 5.

A precipitate may form after the addition of ethanol, but this will not affect the RNeasy
procedure.

* Flow-through contains Buffer RLT or Buffer RW'1 and is therefore not compatible with bleach.
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Apply the sample (usually 700 pl), including any precipitate that may have formed,
to an RNeasy mini column placed in a 2 ml collection tube (supplied). Close the tube
gently, and centrifuge for 15 s at >8000 x g (=10,000 rpm). Discard the flow-
through.

Reuse the collection tube in step 6.

If the volume exceeds 700 pl, load aliquots successively onto the RNeasy column,
and centrifuge as above. Discard the flow-through after each centrifugation step.*

Optional: QIAGEN offers the RNase-Free DNase Set (cat. no. 79254) for convenient
on-column DNase digestion during RNA purification. Generally, DNase digestion is
not required since the RNeasy silica-membrane technology efficiently removes most
of the DNA without DNase treatment. However, further DNA removal may be
necessary for certain RNA applications that are sensitive to very small amounts of
DNA (e.g., TagMan RT-PCR analysis with a low-abundant target). If using the RNase-
Free DNase Set, follow the steps shown on pages 99-100 after performing this step.

Add 700 pl Buffer RW1 to the RNeasy column. Close the tube gently, and centrifuge
for 15 s at >8000 x g (>10,000 rpm) to wash the column. Discard the flow-through
and collection tube.*

Skip this step if performing the optional on-column DNase digestion (page 99).

Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 8.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
centrifuge for 2 min at >8000 x g (>10,000 rpm) fo dry the RNeasy silica-gel membrane.
Continue directly with step 9, or, to eliminate any chance of possible Buffer RPE
carryover, continue first with step 8a.

It is important to dry the RNeasy silica-gel membrane since residual ethanol may
interfere with downstream reactions. This centrifugation ensures that no ethanol is
carried over during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the collection
tube carefully so the column does not contact the flow-through as this will result in
carryover of ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

* Flow-through contains Buffer RLT or Buffer RW'1 and is therefore not compatible with bleach.
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10.

To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

If the expected RNA yield is >30 pg, repeat the elution step (step 9) as described with
a second volume of RNase-free water. Elute into the same collection tube.

To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 9). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.
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RNeasy Mini Protocol for Isolation of Total RNA from
Yeast

lll. Mechanical Disruption Protocol

Use an appropriate number of cells (see page 61 for detailed information).

Important notes before starting

e If using RNeasy Kits for the first time, read “Important Points before Using RNeasy
Kits” (page 16).

*  If working with RNA for the first time, read Appendix A (page 88).

®  For RNA isolation from yeast, cells should be harvested in log-phase growth. Cell
pellets can be stored at =70°C for later use or used directly in the procedure. Cell
lysates (in Buffer RLT, step 5) can be stored at —70°C for several months. To process
frozen lysates, thaw samples for 15-20 min at 37°C in a water bath to dissolve salts.
Continue with step 6.

®  Prepare acid-washed glass beads, 0.45-0.55 mm diameter, by soaking in concen-
trated nitric acid* for 1 hour, washing extensively with deionized water, and drying
in a baking oven.

*  PB-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. B-ME is toxic;
dispense in a fume hood and wear appropriate protective clothing. Add 10 pl B-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of 3-ME.

e Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

®  Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are sensitive
to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
target). In these cases, the small residual amounts of DNA remaining can be removed
using the RNase-Free DNase Set (cat. no. 79254 for the optional on-column DNase
digestion (see page 99) or by a DNase digestion after RNA isolation. For on-column
DNase digestion with the RNase-Free DNase Set, prepare the DNase | stock solution
as described on page 99 before beginning the procedure.

e Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

e Buffer RLT and Buffer RW1 contain a guanidine salt and are therefore not compatible

with disinfecting reagents containing bleach. Guanidine is an irritant. Take appropriate
safety measures and wear gloves when handling.

* Nitric acid is extremely corrosive and can cause severe burns. Use in a fume hood and take appropriate safety
measures.
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After disruption, all steps of the RNeasy protocol should be performed at room
temperature. During the procedure, work quickly.

After harvesting the cells, all centrifugation steps should be performed at 20-25°C
in a standard microcentrifuge. Ensure that the centrifuge does not cool below 20°C.

Add approximately 600 pl of acid-washed glass beads to a tube that fits the bead
mill (see page 21 for details).

Harvest yeast cells by centrifuging at 1000 x g for 5 min at 4°C. (Do not use more
than 5 x 107 yeast cells.) Decant supernatant, and carefully remove remaining media
by aspiration. After centrifuging, heat the centrifuge to 20-25°C if the same
centrifuge is to be used in the following centrifugation steps of the protocol.

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

Loosen the cell pellet thoroughly by flicking the tube. Add 600 pl Buffer RLT, and vortex
to resuspend the cell pellet. Add the sample to the glass beads prepared in step 1.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting”).

Vortex and agitate at top speed in a bead-mill homogenizer with cooling until cells
are completely disrupted.

Most small-capacity bead mills do not have a cooling mechanism and therefore
require the user fo stop the bead mill regularly and cool the sample on ice. The time
required for cell disruption and the length and frequency of the cooling infervals may
vary depending on the type of bead mill used. Please refer to the supplier’s instructions.

Note: Do not replace bead-milling with vortexing as this significantly reduces RNA
yield.

Remove the sample from the bead mill, and allow beads to settle. Transfer lysate
(usually 350 pl) to a new microcentrifuge tube (not supplied). Centrifuge for 2 min in
a microcentrifuge at maximum speed, and transfer the supernatant to a new micro-
centrifuge tube (not supplied). Use only the supernatant in subsequent steps.

Add 1 volume (usually 350 pl) of 70% ethanol to the homogenized lysate, and mix
well by pipetting. Do not centrifuge.

If some lysate is lost during homogenization, adjust volume of ethanol accordingly.

Note: Visible precipitates may form after the addition of ethanol, but this will not
affect the RNeasy procedure.
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7. Apply up to 700 pl of the sample, including any precipitate that may have formed,
to an RNeasy mini column placed in a 2 ml collection tube (supplied). Close the tube
gently, and centrifuge for 15 s at >8000 x g (=10,000 rpm). Discard the flow-
through.*

Reuse the collection tube in step 8.

If the volume exceeds 700 pl, load aliquots successively onto the RNeasy column,
and centrifuge as above. Discard the flow-through after each centrifugation step.*

Optional: QIAGEN offers the RNase-Free DNase Set (cat. no. 79254) for convenient
on-column DNase digestion during RNA purification. Generally, DNase digestion is
not required since the RNeasy silica-membrane technology efficiently removes most
of the DNA without DNase treatment. However, further DNA removal may be
necessary for certain RNA applications that are sensitive to very small amounts of
DNA (e.g., TagMan RT-PCR analysis with a low-abundant target). If using the RNase-
Free DNase Set, follow the steps shown on pages99-100 after performing this step.

8. Add 700 pl Buffer RW1 to the RNeasy column. Close the tube gently, and centrifuge
for 15 s at >8000 x g (>10,000 rpm) to wash the column. Discard the flow-through
and collection tube.*

Skip this step if performing the optional on-column DNase digestion (page 99).

9. Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 10.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

10. Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
centrifuge for 2 min at >8000 x g (>10,000 rpm) fo dry the RNeasy silica-gel membrane.
Continue directly with step 11, or, to eliminate any chance of possible Buffer RPE
carryover, continue first with step 10a.

Itis important fo dry the RNeasy silicagel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over
during elution.
Note: Following the centrifugation, remove the RNeasy mini column from the collection
tube carefully so the column does not contact the flow-through as this will result in
carryover of ethanol.

10a. Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

* Flow-through contains Buffer RLT or Buffer RW'1 and is therefore not compatible with bleach.

RNeasy Mini Handbook 06/2001 73



11.

12.

To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

If the expected RNA yield is >30 pg, repeat the elution step (step 11) as described
with a second volume of RNase-free water. Elute into the same collection tube.

To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 11). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.
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RNeasy Mini Protocol for Isolation of Total RNA from
Plant Cells and Tissues and Filamentous Fungi

Total RNA isolation from plant material and filamentous fungi requires the RNeasy Plant
Mini Kit and cannot be performed with the RNeasy Mini Kit or the RNeasy Protect Mini Kit.

Determining the correct amount of starting material

Itis essential to begin with the correct amount of plant material in order o obtain optimal RNA
yield and purity with RNeasy columns. A maximum of 100 mg plant material or 1 x 107
cells can generally be processed with RNeasy mini columns. For most plant material, the
binding capacity of the column (100 pg RNA) and the lysing capacity of Buffer RLT will
not be exceeded by these amounts. Average RNA yields from various sources are given in
Table 2 (page 17).

If you have no information about the nature of your starting material, we recommend
starting with no more than 50 mg of plant material or 3-4 x 10¢ cells. Depending on the
yield and purity obtained, it may be possible to increase the amount of plant material to
100 mg or to increase the cell number o 1 x 107 in subsequent preparations.

Do not overload the column. Overloading will significantly reduce yield and quality.
Important notes before starting

®  Ifusing the RNeasy Kits for the first time, read “Important Points before Using RNeasy
Kits” (page 16).
e If working with RNA for the first time, read Appendix A (page 88).

®  Fresh or frozen tissue can be used. To freeze tissue for long-term storage, flash-freeze
in liquid nitrogen, and immediately transfer to —70°C. Tissue can be stored for
several months at —70°C. To process, do not allow tissue to thaw during weighing
or handling prior to disruption in Buffer RLT. Homogenized lysates (in Buffer RLT, step 4)
can also be stored at —70°C for several months. To process frozen lysates, thaw samples
and incubate for 15-20 min at 37°C in a water bath to dissolve salts. Continue with
step 5.

*  The RNeasy Plant Mini Kit provides two different lysis buffers, Buffer RLT and Buffer
RLC, which contain guanidine isothiocyanate (GITC) and guanidine hydrochloride,
respectively. In most cases, Buffer RLT is the lysis buffer of choice due to the greater
cell disruption and denaturation properties of GITC. However, depending on the
amount and type of secondary metabolites in some tissues (such as milky endosperm
of maize or mycelia of filamentous fungi), GITC can cause solidification of the sample,
making extraction of RNA impossible. In these cases, Buffer RLC should be used.

*  B-Mercaptoethanol (3-ME) must be added to Buffer RLT or Buffer RLC before use.
B-ME is toxic; dispense in a fume hood and wear appropriate protective clothing.
Add 10 pl B-ME per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition
of B-ME.
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Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are sensitive
to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
target). In these cases, the small residual amounts of DNA remaining can be removed
using the RNase-Free DNase Set (cat. no. 79254) for the optional on-column DNase
digestion (see page 99) or by a DNase digestion after RNA isolation. For on-column
DNase digestion with the RNase-Free DNase Set, prepare the DNase | stock solution
as described on page 99 before beginning the procedure.

Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

Buffer RLT, Buffer RLC, and Buffer RW1 contain a guanidine salt and are therefore
not compatible with disinfecting reagents containing bleach. Guanidine is an irritant.
Take appropriate safety measures and wear gloves when handling.

Al steps of the RNeasy protocol should be performed at room temperature. During
the procedure, work quickly.

All centrifugation steps are performed at 20-25°C in a standard microcentrifuge.
Ensure that the centrifuge does not cool below 20°C.

Determine the amount of plant material. Do not use more than 100 mg.

Weighing tissue is the most accurate way to determine the amount. See page 75 for
guidelines to determine the amount of starting material.

Immediately place the weighed sample in liquid nitrogen, and grind thoroughly with
a mortar and pestle. Decant powder and liquid nitrogen into an RNase-free, liquid-
nitrogen—cooled, 2 ml microcentrifuge tube (not supplied). Allow the liquid nitrogen
to evaporate, but do not allow the tissue to thaw. Continue immediately with step 3.

RNA in plant material is not protected affer harvesting until the sample is flash frozen

in liquid nitrogen. Frozen tissue should not be allowed to thaw during handling. The
relevant procedures should be carried out as quickly as possible.

Add 450 pl Buffer RLT or Buffer RLC (see “Important notes before starting”) to a
maximum of 100 mg tissue powder. Vortex vigorously.

A short (1-3 min) incubation at 56°C may help fo disrupt the tissue. However, for
samples with a high starch content, incubation at elevated temperatures should be
omitted in order to prevent swelling of the starting material.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting”).
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Pipet the lysate directly onto a QlAshredder spin column (lilac) placed in 2 ml collection

tube, and centrifuge for 2 min at maximum speed. Carefully fransfer the supernatant
of the flow-through fraction to a new microcentrifuge tube (not supplied) without
disturbing the cell-debris pellet in the collection tube. Use only this supernatant in

subsequent steps.

It may be necessary to cut the end off the pipet tip in order to pipet the lysate onto
the QlAshredder spin column. Centfrifugation through the QlAshredder spin column
removes cell debris and simultaneously homogenizes the lysate. While most of the
cell debris is retained on the QlAshredder spin column, a very small amount of cell
debris will pass through and form a pellet in the collection tube. Be careful not to
disturb this pellet when transferring the lysate to a new microcentrifuge tube (not

supplied).

5. Add 0.5 volume (usually 225 pl) ethanol (96-100%) to the cleared lysate, and mix

immediately by pipetting. Do not centrifuge. Continue without delay with step 6.

If some lysate is lost during step 4, adjust volume of ethanol accordingly.

A precipitate may form after the addition of ethanol, but this will not affect the RNeasy

procedure.

Apply sample (usually 650 pl), including any precipitate that may have formed, to

an RNeasy mini column (pink) placed in a 2 ml collection tube (supplied). Close the
tube gently, and centrifuge for 15 s at >8000 x g (>10,000 rpm). Discard the

flow-through.*

Reuse the collection tube in step 7.

If the volume exceeds 700 pl, load aliquots successively onto the RNeasy column,
and cenfrifuge as above. Discard the flow-through after each centrifugation step. *

Optional: QIAGEN offers the RNase-Free DNase Set (cat. no. 79254) for convenient
on-column DNase digestion during RNA purification. Generally, DNase digestion is
not required since the RNeasy silica-membrane technology efficiently removes most
of the DNA without DNase treatment. However, further DNA removal may be
necessary for certain RNA applications that are sensitive to very small amounts of
DNA (e.g., TagMan RT-PCR analysis with a low-abundant target). If using the RNase-
Free DNase Set, follow the steps shown on pages 99-100 after performing this step.

Add 700 pl Buffer RW1 to the RNeasy column. Close the tube gently, and centrifuge

for 15 s at >8000 x g (>10,000 rpm) to wash the column. Discard the flow-through

and collection tube.*

Skip this step if performing the optional on-column DNase digestion (page 99).

* Flow-through contains Buffer RLT, Buffer RLC, or Buffer RW'1 and is therefore not compatible with bleach.
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9a.

10.

11.

Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 9.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
cenfrifuge for 2 min at >8000 x g (>10,000 rpm) fo dry the RNeasy silica-gel membrane.
Continue directly with step 10, or, to eliminate any chance of possible Buffer RPE
carryover, continue first with step 9a.

It is important fo dry the RNeasy silicagel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over
during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the collection
tube carefully so the column does not contact the flow-through as this will result in
carryover of ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

If the expected RNA yield is >20 pg, repeat the elution step (step 10) as described
with a second volume of RNase-free water. Elute into the same collection tube.

To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 10). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.
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RNeasy Mini Protocol for RNA Cleanup

RNeasy Kits can be used to clean up RNA previously isolated by different methods or after
enzymatic reactions, such as labeling or DNase digestion.

Determining the correct amount of starting material

A maximum of 100 pg RNA can be used in the RNA cleanup protocol. This amount
corresponds fo the binding capacity of the RNeasy mini columns.

Important notes before starting

If using RNeasy Kits for the first time, read “Important Points before Using RNeasy
Kits” (page 16).
If working with RNA for the first time, read Appendix A (page 88).

B-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. B-ME is toxic;
dispense in a fume hood and wear appropriate protective clothing. Add 10 pl B-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of 3-ME.

Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are sensitive
to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
target). We recommend a DNase digestion of the reaction mixture before starting
the procedure. The DNase is then removed during the cleanup procedure.
Alternatively, the RNase-Free DNase Set (cat. no. 79254) can be used for the optional
on-column DNase digestion (see page 99). For on-column DNase digestion with the
RNase-Free DNase Set, prepare the DNase | stock solution as described on page 99
before beginning the procedure.

Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

Buffer RLT and Buffer RW 1 contain a guanidine salt and are therefore not compatible
with disinfecting reagents containing bleach. Guanidine is an irritant. Take appropriate
safety measures and wear gloves when handling.

All steps of the RNeasy protocol should be performed at room temperature. During
the procedure, work quickly.

All centrifugation steps are performed at 20-25°C in a standard microcentrifuge.
Ensure that the centrifuge does not cool below 20°C.
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Protocol
RNA Cleanup

5a.

Adjust sample to a volume of 100 pl with RNase-free water. Add 350 pl Buffer RLT,
and mix thoroughly.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting”).

Add 250 pl ethanol (96-100%) to the diluted RNA, and mix thoroughly by pipetting.
Do not centrifuge. Continue immediately with step 3.

Apply the sample (700 pl) to an RNeasy mini column placed in a 2 ml collection tube
(supplied). Close the tube gently, and centrifuge for 15 s at >8000 x g (>10,000 rpm).
Discard the flow-through and collection tube.*

Optional: QIAGEN offers the RNase-Free DNase Set (cat. no. 79254) for convenient
on-column DNase digestion during RNA purification. Generally, DNase digestion is
not required since the RNeasy silica-membrane technology efficiently removes most
of the DNA without DNase treatment. However, further DNA removal may be
necessary for certain RNA applications that are sensitive to very small amounts of
DNA (e.g., TagMan RT-PCR analysis with a low-abundant target). If using the RNase-
Free DNase Set, follow the steps shown on pages 99-100 after performing this step.

Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 5.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
centrifuge for 2 min at >8000 x g (>10,000 rpm) to dry the RNeasy silica-gel membrane.
Continue directly with step 6, or, to eliminate any chance of possible Buffer RPE
carryover, continue first with step 5a.

It is important fo dry the RNeasy silicagel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over
during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the collec-
tion tube carefully so the column does not contact the flow-through as this will result
in carryover of ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

* Flow-through contains Buffer RLT and is therefore not compatible with bleach.
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6. To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

7. Ifthe expected RNA yield is >30 pg, repeat the elution step (step 6) as described with
a second volume of RNase-free water. Elute into the same collection tube.

To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 6). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.
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Troubleshooting Guide

This troubleshooting guide may be helpful in solving any problems that may arise. The
scientists in QIAGEN Technical Services are always happy to answer any questions you
may have about either the information and protocols in this handbook or molecular
biology applications (see inside front cover for contact information).

Comments and suggestions

Clogged RNeasy column

a) Inefficient disruption and/or
homogenization

b) Too much starting material

c) Tissues, yeast
(mechanical disruption
protocol) and bacteria:
centrifugation before adding
ethanol not performed

d) Centrifugation temperature
too low

See “Disruption and homogenization of starting material”
(pages 20-24) for a detailed description of homoge-
nization methods.

Increase gforce and centrifugation time if necessary.

In subsequent preparations, reduce the amount of starting
material (see pages 16-19 and protocols) and/or
increase the volume of lysis buffer and the homogenization
time.

If working with tissues rich in proteins, the RNeasy Mini
Protocol for Isolation of Total RNA from Heart, Muscle,
and Skin Tissue (Appendix C, page 93) may provide better
results than the standard tissue protocol.

In subsequent preparations, reduce amounts of starting
material. It is essential fo use the correct amount of starting
material (see pages 16-19 and protocols).

Centrifuge lysate before adding ethanol, and use only
this supernatant in subsequent steps (see protocols).
Pellets contain cell debris that can clog the RNeasy
column.

The centrifugation temperature should be 20-25°C. Some
centrifuges may cool to below 20°C even when set at
20°C. This can cause precipitates to form that can clog
the RNeasy column. If this happens, set the centrifugation
temperature to 25°C. Warm the ethanol-containing
lysate to 37°C before transferring to the RNeasy column.
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Comments and suggestions

Low RNA yield

a) Insufficient disruption and
homogenization

b) Too much starting material

c) RNA still bound to the
membrane

d) Ethanol carryover

e) Cells: incomplete removal
of cell-culture medium

See “Disruption and homogenization of starting material”
(pages 20-24) for a detailed description of homoge-
nization methods.

Increase gforce and centrifugation time if necessary.

In subsequent preparations, reduce the amount of starting
material (see pages 16-19 and protocols) and/or
increase the volume of lysis buffer and the homogenization
time.

If working with tissues rich in proteins, the RNeasy Mini
Protocol for Isolation of Total RNA from Heart, Muscle,
and Skin Tissue (Appendix C, page 93) may provide bet
ter results than the standard tissue protocol.

In subsequent preparations, reduce amounts of starting
material. It is essential fo use the correct amount of starting
material (see pages 16-19 and protocols).

Repeat elution, but incubate the RNeasy column on the
benchtop for 10 min with RNasefree water before
centrifuging.

During the second Buffer RPE wash, be sure to dry
the RNeasy silica-gel membrane by centrifugation at
>8000 x g (210,000 rpm) for 2 min at 20-25°C.
Following the centrifugation, remove the RNeasy column
from the centrifuge tube carefully so the column does not
contact the flow-through as this will result in carryover of
ethanol.

To eliminate any chance of possible ethanol carryover,
transfer the RNeasy column to a new 2 ml collection tube
and perform the optional 1 min cenfrifugation step as
described in the protocol.

When processing cultured cells, ensure complete
removal of the cell-culture medium after harvesting cells
(see protocols).
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Comments and suggestions

f) RNAlater stabilized cells:
not pelleted completely or
efficiently

Low Ao/ Ay, value

RNA degraded

a) Starting material not
immediately stabilized

b) Too much starting material
for proper stabilization

c) Sample material too thick
for stabilization

d) Frozen samples used for
stabilization

e) Storage duration exceeded

f) Sample inappropriately
handled

g) RNase contamination

Since RNAlafer RNA Stabilization Reagent has a higher
density than most cell-culture media, higher centrifugal
forces may be necessary to pellet the cells. Initially, try to
pellet cells by centrifugation at 3000 x g. If necessary,
increase the gforce in increments of 2000 x g until a cell
pellet is obtained that is similar to the size of the cell
pellet before stabilization. See Appendix F: Guidelines
for Other RNAlater Applications, page 102.

Use 10 mM Tris-Cl, pH 7.5, not RNasefree water, to
dilute the sample before measuring purity (see Appendix
B, pages 90-92).

Submerge the sample in the appropriate volume of the
RNAlater RNA Stabilization Reagent immediately affer
harvesting the material.

Reduce the amount of starting material or increase the
amount of RNAlater RNA Stabilization Reagent used for
stabilization (see “Important Points before Using RNeasy
Kits” on pages 25-26).

Cut large samples into slices less than 0.5 cm thick for
stabilization in RNAlater RNA Stabilization Reagent.

Use only fresh, unfrozen material for stabilization.

Storage of RNAlater stabilized material is possible for up
to 1 day at 37°C, up to 7 days at 18 to 25°C, and up to
4 weeks at 2 to 8°C. Store at —20°C or -80°C for
archival storage.

Ensure that samples are properly stabilized and stored
in RNAlater RNA Stabilization Reagent. For frozen cell
pellets or tissue samples, ensure that they were flash-
frozen immediately in liquid nitrogen and properly stored
at-70°C. Perform the protocol quickly, especially the first
few steps. See Appendix A (page 88), “Handling and
storage of starting material” (page 19), and “Handling
of the starting material prior to stabilization” (page 25).

Although all buffers have been tested and guaranteed
RNasefree, RNases can be introduced during use. Be
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Comments and suggestions

certain not to infroduce any RNases during the procedure
or later handling. See Appendix A (page 88).

Do not put RNA samples info a vacuum dryer that has
been used in DNA preparation where RNases may have
been used.

DNA contamination in downstream experiments

a) Cells: optimal procedure ~ For animal cells, the cytoplasmic RNA protocol is
not used recommended for applications where the absence of
DNA contamination is critical since the intact nuclei are
removed at the start of the procedure. Follow the protocol
for isolation of cytoplasmic RNA (see page 12 and
RNeasy Mini Protocol for Isolation of Cytoplasmic RNA

from Animal Cells, page 42).

b) No incubation with In subsequent preparations, incubate the RNeasy column
Buffer RW1 for 5 min at room temperature after addition of Buffer
RW1 and before centrifuging.

c¢) No DNase treatment Follow the optional on-column DNase digestion using the
RNase-Free DNase Set (Appendix D, page 99) at the
point indicated in the individual protocols.

Alternatively after the RNeasy procedure, DNase digest
the eluate containing the RNA. After inactivating DNase
by heat treatment, the RNA can be either used directly in
the subsequent application without further treatment, or
repurified using the RNA cleanup protocol (page 79).

RNA does not perform well in downstream experiments
a) Salt carryover during elution Ensure that Buffer RPE is at 20-30°C.

b) Ethanol carryover During the second Buffer RPE wash, be sure to dry the
RNeasy silica-gel membrane by centrifugation at
>8000 x g (210,000 rpm) for 2 min at 20-25°C.
Following the centrifugation, remove the RNeasy column
from the centrifuge tube carefully so the column does not
contact the flow-through as this will result in carryover of
ethanol.

To eliminate any chance of possible ethanol carryover,
transfer the RNeasy column to a new 2 ml collection tube
and perform the optional 1 min cenfrifugation step as
described in the protocol.

RNeasy Mini Handbook 06/2001 85



RNeasy References

QIAGEN maintains a large, upto-date online database of scientific publications utilizing
QIAGEN products. Comprehensive search options allow you to find the arficles you need,
either by a simple keyword search or by specifying the application, research areq, title,
and/or more.

This is a partial list of papers citing RNeasy Kits for total RNA isolation and cleanup.
For a complete list of references, visit the QIAGEN Reference database online at
www.giagen.com/RefDB/search.asp or contact QIAGEN Technical Services or your local
distributor.

Askew, D., Chu, R.S., Krieg, A.M., and Harding, C.V. (2000) CpG DNA induces maturation of dendritic cells
with distinct effects on nascent and recycling MHC-I antigen-processing mechanisms. J. Inmunol. 165, 6889.
RNeasy purified RNA from dendritic cells for quantitative RT-PCR analysis on the LightCycler system

Chambers, J. et al. (1999) DNA microarrays of the complex human cytomegalovirus genome: profiling kinetic
class with drug sensitivity of viral gene expression. J. Virol. 73, 5757.
Gene expression profiling in cytomegalovirus-infected human cells

Chen, X.-P. et al. (2000) Herpes simplex virus type 1 ICPO protein does not accumulate in the nucleus of primary
neurons in culture. J. Virol. 74, 10,132.

RNeasy purified RNA from infected trigeminal rat ganglia and single-cell RT-PCR using Sensiscript™ RT and
HotStarTaq™ DNA Polymerase

Dechant, G., Tsoulfas, P., Parada, L.F., and Barde, Y.A. (1997) The neurotrophin receptor p75 binds
neurotrophin-3 on sympathetic neurons with high affinity and specificity. J. Neurosci. 17, 5281.
Total RNA from chicken ganglia and neuronal cell cultures for RT-PCR

Dudareva, N. Cseka, L., Blanc, V.M., and Pichersky, E. (1996) Evolution of floral scent in Clarkia: novel patterns
of Sinalool synthase gene expression in the C. breweri flower. Plant Cell 8, 1137.
Total RNA from Clarkia flower parts to localize gene expression

Estacio, W., Santa Anna-Arriola, S., Adedipe, M., and Mérquez-Magaiia, L.M. (1998) Dual promoters are
responsible for transcription initiation of the fla/che operon in Bacillus subtilis. J. Bacteriol. 180, 3548.
Total RNA from Bacillus subtilis for primer-extension analysis

Gonzalez, P., Zigler, J.S., Jr., Epstein, D.L., and Borrés, T. (1999) Identification and isolation of differentially
expressed genes from very small tissue samples. BioTechniques 26, 884.
Total RNA from small amounts of human eye fissue for expression-array analysis

Gu, L., Tseng, S., Horner, R.M., Tam, C., Loda, M., and Rollins, B.J. (2000) Control of Ty;2 polarization by the
chemokine monocyte chemoattractant protein-1. Nature 404, 407.
RNeasy purified RNA for TagMan andlysis of a gene involved in T cell immunity

Hassink, S.G. et al. (1997) Placental leptin: an important new growth factor in intrauterine and neonatal
development? Pediatrics 100(1), e.
Total RNA from human placenta and fat biopsy samples for multiplex RT-PCR

Hoecker, U., Tepperman, J.M., and Quail, P.H. (1999) SPA1, a WD-repeat protein specific to phytochrome A
signal transduction. Science 284, 496.
Total RNA from arabidopsis to study gene expression of a phytochrome suppressor

Lepik, D., lives, 1., Kristiuhan, A., Maimets, T., and Ustav, T. (1998) p53 protein is a suppressor of papillomavirus
DNA amplificational replication. J. Virol. 72, 6882.
Total RNA from transfected CHO cells for northern-blot analysis

Lewin, A.S. et al. (1998) Ribozyme rescue of photoreceptor cells in a transgenic rat model of autosomal dominant
retinitis pigmentosa. Nature Med. 4, 967.
Total RNA from rat retinae for RT-PCR
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Mahadevappa, M. and Warrington, J.A. (1999) A high-density probe array sample preparation method using
10- to 100-fold fewer cells. Nat. Biotechnol. 17, 1134.

Microarray preparation requires fewer cells when using RNeasy purified total RNA

McKenzie, D.J., Mclean, M.A., Mukerii, S., and Green, M. (1997) Improved RNA exiraction from woody plants

for the defection of viral pathogens by reverse transcription — polymerase chain reaction. Plant Disease 81, 222.

Viral RNA from woody plants for RT-PCR

Meller, V.H., Wu, K.H., Roman, G., Kuroda, M.l., and Davis, R.L. (1997) roX1 RNA paints the X chromosome of
male drosophila and is regulated by the dosage compensation system. Cell 88, 445.

Total RNA from drosophila for developmental gene-expression analysis

Motlik, J., Carnwath, J.W., Herrmann, D., Terletski, V., Anger, M., and Niemann, H. (1998) Automated recording
of RNA differential display patterns from pig granulosa cells. BioTechniques 24, 148.

Total RNA from pig granulosa cells for differentialdisplay RT-PCR

Nakayama, J. et al. (1998) Telomerase activation by hTRT in human normal fibroblasts and hepatocellular carcinomas.

Nature Genet. 18, 65.

Total RNA from human liver carcinoma biopsy samples for RT-PCR

Nichols, B.L. et al. (1997) Effects of malnutrition on expression and activity of lactase in children. Gastroenterology
112, 742.

Total RNA from small amounts of embedded tissue after several years of storage

Outinen, P.A. et al. (1998) Characterization of the stress-inducing effects of homocysteine. Biochem. J. 332, 213.
RNeasy total RNA and Oligotex mRNA for expression-array and differential-display analysis

Popik, W., Hesselgesser, J.E., and Pitha, P.M. (1998) Binding of human immunodeficiency virus type 1 to CD4
and CXCRA4 receptors differentially regulates expression of inflammatory genes and activates the MEK/ERK
signaling pathway. J. Virol. 72, 6406.

Total RNA from Jurkat T cells for RT-PCR

Randhawa, J.S., Marriott, A.C., Pringle, C.R., and Easton, A.J. (1997) Rescue of synthetic minireplicons establishes
the absence of the NS1 and NS2 genes from avian pneumovirus. J. Virol. 71, 9849.

RNA cleanup of in vitro transcripts for transfection of mammalian cells

Rieder, G., Hatz, R.A., Moran, A.P., Walz, A., Stolte, M., and Enders, G. (1997) Role of adherence in
interleukin-8 induction in Helicobacter pylori-associated gastritis. Infect. Immun. 65, 3622.

Total RNA from human gastric biopsy samples for competitive RT-PCR

Ross, D.T. et al. (2000) Systematic variation in gene expression patterns in human cancer cell lines. Nature
Genet. 24, 227

Microarray analysis of genome-wide variation of gene expression in human cancer cell lines

Scherf, U. et al. (2000) A gene expression database for the molecular pharmacology of cancer. Nat. Genet.
24, 236.

Correlation of gene-expression and drug-sensitivity data

Signoretti, S. et al. (2000) p53 is a prostate basal cell marker and is required for prostate development.

Am. J. Pathol. 157, 1769.

RNeasy purified RNA for TagMan quantitative RT-PCR analysis of a developmental gene

Trenkle, T., Welsh, J., and McClelland, M. (1999) Differential display probes for cDNA arrays. BioTechniquies
27, 554.

Differential display of RNeasy purified RNA for cDNA microarray probes
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Appendix A: General Remarks on Handling RNA
Handling RNA

Ribonucleases (RNases) are very stable and active enzymes that generally do not require
cofactors to function. Since RNases are difficult to inactivate and even minute amounts are
sufficient to destroy RNA, do not use any plasticware or glassware without first eliminating
possible RNase contamination. Great care should be taken to avoid inadvertently
infroducing RNases info the RNA sample during or after the isolation procedure. In order
to create and maintain an RNasefree environment, the following precautions must be
taken during prefreatment and use of disposable and non-disposable vessels and solutions
while working with RNA.

General handling

Proper microbiological, aseptic technique should always be used when working with RNA.
Hands and dust particles may carry bacteria and molds and are the most common sources
of RNase contamination. Always wear latex or vinyl gloves while handling reagents and
RNA samples to prevent RNase contamination from the surface of the skin or from dusty
laboratory equipment. Change gloves frequently and keep tubes closed whenever possible.
Keep isolated RNA on ice when aliquots are pipetted for downstream applications.

Disposable plasticware

The use of sterile, disposable polypropylene tubes is recommended throughout the procedure.
These tubes are generally RNasefree and do not require pretreatment to inactivate RNases.

Non-disposable plasticware

Non-disposable plasticware should be treated before use to ensure that it is RNase-free.
Plasticware should be thoroughly rinsed with 0.1 M NaOH, 1 mM EDTA followed by
RNasefree water (see "Solutions”, page 89). Alternatively, chloroform-resistant plasticware
can be rinsed with chloroform fo inactivate RNases.

Glassware

Glassware should be treated before use to ensure that it is RNase-free. Glassware used
for RNA work should be cleaned with a detergent, thoroughly rinsed, and oven baked at
240°C for four or more hours (overnight, if more convenient] before use. Autoclaving
alone will not fully inactivate many RNases. Alternatively, glassware can be treated with
DEPC* (diethyl pyrocarbonate). Fill glassware with 0.1% DEPC (0.1% in water), allow to
stand overnight (12 hours) at 37°C, and then autoclave or heat to 100°C for 15 minutes
to eliminate residual DEPC.

* DEPC is a suspected carcinogen and should be handled with great care. Wear gloves and use a fume hood
when using this chemical.
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Electrophoresis tanks

Electrophoresis tanks should be cleaned with defergent solution (e.g., 0.5% SDS),
thoroughly rinsed with RNase-free water, and then rinsed with ethanol* and allowed to dry.

Solutions

Solutions (water and other solutions) should be treated with 0.1% DEPC.t DEPC is a strong,
but not absolute, inhibitor of RNases. It is commonly used at a concentration of 0.1% to
inactivate RNases on glass or plasticware or to create RNasefree solutions and water.
DEPC inactivates RNases by covalent modification. Add 0.1 ml DEPC to 100 ml of the
solution fo be treated and shake vigorously to bring the DEPC into solution. Let the
solution incubate for 12 hours at 37°C. Autoclave for 15 minutes fo remove any trace of
DEPC. DEPC will react with primary amines and cannot be used directly to treat Tris
buffers. DEPC is highly unstable in the presence of Tris buffers and decomposes rapidly
into ethanol and CO,. When preparing Tris buffers, treat water with DEPC first, and then
dissolve Tris to make the appropriate buffer. Trace amounts of DEPC will modify purine
residues in RNA by carboxymethylation. Carboxymethylated RNA is translated with very
low efficiency in cellfree systems. However, its ability to form DNA:RNA or RNA:RNA
hybrids is not seriously affected unless a large fraction of the purine residues have been
modified. Residual DEPC must always be eliminated from solutions or vessels by
autoclaving or heating to 100°C for 15 minutes.

Note: RNeasy buffers are guaranteed RNase-free without using DEPC treatment and are
therefore free of any DEPC contamination.

Plastics used for some electrophoresis tanks are not resistant to ethanol. Take proper care and check the
supplier’s instructions.

' DEPC is a suspected carcinogen and should be handled with great care. Wear gloves and use a fume hood
when using this chemical.
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Appendix B: Storage, Quantitation, and Determination
of Quality of Total RNA

Storage of RNA

Purified RNA may be stored at —20°C or —=70°C in water. Under these conditions, no
degradation of RNA is detectable after 1 year.

Quantitation of RNA

The concentration of RNA should be defermined by measuring the absorbance at 260 nm
(Ao in a spectrophotometer. To ensure significance, readings should be greater
than 0.15. An absorbance of 1 unit at 260 nm corresponds to 40 pg of RNA per ml
(Aseo=1= 40 pg/ml). This relation is valid only for measurements in water. Therefore, if
it is necessary to dilute the RNA sample, this should be done in water. As discussed below
(see “Purity of RNA”"), the ratio between the absorbance values at 260 and 280 nm gives
an estimate of RNA purity.

When measuring RNA samples, be certain that cuvettes are RNase-free, especially if the RNA
is to be recovered after spectrophotometry. This can be accomplished by washing cuvettes
with 0.TMNaOH, 1 mM EDTA followed by washing with RNase-free water (see “Solutions”,
page 89). Use the buffer in which the RNA is diluted to zero the spectrophotometer.

An example of the calculation involved in RNA quantitation is shown below:
Volume of RNA sample = 100 pl
Dilution = 10 pl of RNA sample + 490 pl distilled water (1/50 dilution).

Measure absorbance of diluted sample in a 1 ml cuvette (RNasefree).

A260 = 023

Concentration of RNA sample = 40 x Ay, x dilution factor
=40 x 0.23 x 50
= 460 pg/ml

Total yield = concentration x volume of sample in milliliters
= 460 pg/ml x 0.1 ml
= 46 pg

Purity of RNA

The ratio of the readings at 260 nm and 280 nm (Ay40/Azgo) provides an estimate of the
purity of RNA with respect to contaminants that absorb in the UV, such as protein. However,
the Aggo/Aggo ratio is influenced considerably by pH. Since water is not buffered, the pH
and the resulting Ay¢o/Aggo ratio can vary greatly. Lower pH results in a lower Aygo/Asgo
ratio and reduced sensitivity fo profein contamination.* For accurate values, we recommend

* Wilfinger, W.W., Mackey, M., and Chomczynski, P. (1997) Effect of pH and ionic strength on the

spectrophotometric assessment of nucleic acid purity. BioTechniques 22, 474.
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measuring absorbance in 10 mM Tris-Cl, pH 7.5. Pure RNA has an Ay4o/Ayg ratio of
1.9-2.1* in 10 mM Tris-Cl, pH 7.5. Always be sure to calibrate the spectrophotometer
with the same solution.

For defermination of RNA concentration, however, we sfill recommend dilution of the sample
in water since the relationship between absorbance and concentration (A, reading of
1 = 40 pg/ml RNA) is based on an extinction coefficient calculated for RNA in water (see
“Quantitation of RNA”).

DNA contamination

No currently available purification method can guarantee that RNA is completely free of
DNA, even when it is not visible on an agarose gel. To prevent any inferference by DNA
in RT-PCR applications, we recommend designing primers that anneal at intron splice
junctions so that genomic DNA will not be amplified. Alternatively, DNA contamination
can be detected on agarose gels following RT-PCR by performing control experiments in
which no reverse transcriptase is added prior to the PCR step or by using intron-spanning
primers. For sensitive applications, such as differential display, or if it is not practical to
use splice-junction primers, DNase digestion of the purified RNA with RNase-free DNase
is recommended.

A protocol for optional on-column DNase digestion using the RNase-Free DNase Set is
provided in Appendix D (page 99). The DNase is efficiently washed away in the
subsequent wash steps. Alternatively, after the RNeasy procedure, the eluate containing
the RNA can be treated with DNase. The RNA can then be repurified with the RNeasy
cleanup protocol (page 79), or after heat inactivation of the DNase, the RNA can be used
directly in downstream applications.

The RNeasy Mini Protocol for Isolation of Cytoplasmic RNA from Animal Cells (page 42)
is particularly advantageous in applications where the absence of DNA contamination is
critical, since the infact nuclei are removed. Using the cytoplasmic protocol, DNase
digestion is generally not required: most of the DNA is removed with the nuclei, and the
RNeasy silica-membrane technology efficiently removes nearly all of the remaining small
amounts of DNA without DNase treatment. However, even further DNA removal may be
desirable for certain RNA applications that are sensitive to very small amounts of DNA
(e.g., TagMan RT-PCR analysis with a low-abundant target). Using the cytoplasmic
protocol with the optional DNase digestion results in undetectable levels of DNA, even by
sensitive quantitative RT-PCR analyses.

Integrity of RNA

The integrity and size distribution of total RNA purified with RNeasy Kits can be checked
by denaturing agarose gel electrophoresis and ethidium bromide staining (see
" Appendix H: Protocol for Formaldehyde Agarose Gel Electrophoresis”, page 104). The
respective ribosomal bands (Table 6) should appear as sharp bands on the stained gel.

* Values up to 2.3 are routinely obtained for pure RNA (in 10 mM Tris-Cl, pH 7.5) with some spectrophotomefers.
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28S ribosomal RNA bands should be present with an intensity approximately twice that
of the 18S RNA band (Figure 1). If the ribosomal bands in a given lane are not sharp,
but appear as a smear of smaller sized RNAs, it is likely that the RNA sample suffered
major degradation during preparation.

Table 6. Size of ribosomal RNAs from various sources

Source rRNA Size (kb)

E. coli 16S 1.5
23S 2.9

S. cerevisiae 185 2.0
26S 3.8

Mouse 18S 1.9
28S 4.7

Human 18S 1.9
28S 5.0

g 5§ 5 5

285—
265— — 255
— 235

— 185

F. — 16S

185—

Figure 1. Formaldehyde agarose gel of total RNA isolated from the indicated sources using RNeasy Kits. 10 pg
RNA was loaded per lane.
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Appendix C: RNeasy Mini Protocol for Isolation of Total
RNA from Heart, Muscle, and Skin Tissue

Total RNA isolation from skeletal muscle, heart, and skin tissue can be difficult due to the
abundance of contractile proteins, connective tissue, and collagen. In order to remove
these proteins, which can interfere with the procedure, the standard RNeasy Mini Protocol
for Isolation of Total RNA from Animal Tissues has been adapted to include a proteinase K
digest. Samples are lysed in a guanidine-isothiocyanate—containing lysis buffer (Buffer RLT).
After dilution of the lysate, the sample is treated with proteinase K. Debris is pelleted by
centrifugation. Ethanol is then added to the cleared lysate and RNA is bound to the
RNeasy silica-gel membrane. Traces of DNA that may copurify are removed by a DNase
treatment on the RNeasy mini column. DNase and any contaminants are washed away,
and total RNA is eluted in RNasefree water.

The procedure has been used successfully for isolation of total RNA from heart, muscle,
and skin tissue. For other tissues, the standard RNeasy Mini Protocol for Isolation of Total
RNA from Animal Tissues is generally the method of choice. If working with other tissues
rich in proteins where a proteinase K digestion might be desired, we recommend
performing a comparison of the two protocols. Since the RNase-inactivating Buffer RLT
must be diluted to permit proteinase K digestion, this protocol should not be used for fissues
rich in RNases, such as spleen or infestine.

Additional reagents to be supplied by user
e  QIAGEN Proteinase K, >600 mAU/ml (cat. no. 12131 or 19133). Proteinase K

must be used in the procedure. If using proteinase K from another supplier, use a
20 mg/ml solution in water.

®  RNase-Free DNase Set (cat. no. 79254) for oncolumn DNase treatment
*  Doubledistilled water
Determining the correct amount of starting material

It is essential to begin with the correct amount of tissue in order to obtain optimal RNA
yield and purity with RNeasy columns. A maximum of 30 mg tissue can generally be
processed with RNeasy mini columns. For most tissues, the binding capacity of the column
(100 pg RNA) and the lysing capacity of Buffer RLT will not be exceeded by these amounts.
Average RNA yields from various sources are given in Table 2 (page 17).

If you have no information about the nature of your starting material, we recommend
starting with no more than 10 mg of fissue. Depending on the yield and purity obtained,
it may be possible to increase the amount of tissue to 30 mg.

Do not overload the column. Overloading will significantly reduce yield and quality.
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Important notes before starting

If using the RNeasy Mini Kit for the first time, read “Important Points before Using
RNeasy Kits” (page 16).
If working with RNA for the first time, read Appendix A (page 88).

For best results, stabilize animal fissues immediately in RNAlater RNA Stabilization
Reagent following the protocol on page 47. Tissues can be stored in RNAlater RNA
Stabilization Reagent for up to 1 day at 37°C, 7 days at 18-25°C, 4 weeks at 2-8°C,
or for archival storage at —20°C or -80°C.

Fresh, frozen, and RNAlater stabilized tissue can be used. To freeze tissue for longterm
storage, flash-freeze in liquid nitrogen, and immediately transfer to —70°C. Tissue
can be stored for several months at —70°C. To process, do not allow tissue to thaw
during weighing or handling prior to disruption in Buffer RLT. Homogenized tissue
lysates (in Buffer RLT, step 4) can also be stored at —70°C for several months. To
process frozen lysates, thaw samples and incubate for 15-20 min at 37°C in a water
bath to dissolve salts. Continue with step 5.

Heat a water bath or heating block to 55°C for proteinase K digestion in step 6.

B-Mercaptoethanol (3-ME) must be added to Buffer RLT before use. 3-ME is toxic;
dispense in a fume hood and wear appropriate protective clothing. Add 10 pl 3-ME
per 1 ml Buffer RLT. Buffer RLT is stable for 1 month after addition of 3-ME.

Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes
of ethanol (96-100%), as indicated on the bottle, to obtain a working solution.

Prepare DNase | stock solution before using the RNase-Free DNase Set for the first
time. Dissolve the solid DNase I (1500 Kunitz units) in 550 pl of the RNase-free water
provided. Take care that no DNase | is lost when opening the vial. Mix gently by
inverting the fube. Do not vortex.

Do not vortex the reconstituted DNase I. DNase | is especially sensitive fo physical
denaturation. Mixing should only be carried out by gently inverting the tube.

For long-term storage of DNase |, remove the stock solution from the glass vial, divide
it info single-use aliquots, and store at —20°C for up to 9 months. Thawed aliquots
can be stored at 2-8°C for up to 6 weeks. Do not refreeze the aliquots after thawing.

Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming,
and then place at room temperature.

Buffer RLT and Buffer RW1 contain a guanidine salt and are therefore not compatible
with disinfecting reagents containing bleach. Guanidine is an irritant. Take appro-
priate safety measures and wear gloves when handling.

Unless otherwise indicated, all protocol steps, including centrifugation, should be
performed at 20-25°C.
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1. Excise the tissue sample from the animal or remove it from storage. Remove RNAlater
stabilized fissues from the reagent using forceps.

2. Determine the amount of tissue. Do not use more than 30 mg.

Weighing tissue is the most accurate way to determine the amount. See page 50 for
guidelines to determine the amount of starting material.

3. For RNAlater stabilized tissues:

If the entire piece of RNAlafer stabilized tissue can be used for RNA isolation, place
it directly into a suitably sized vessel for disruption and homogenization, and proceed
with step 4.

If only a portion of the RNAlater stabilized tissue is to be used, place the fissue on a
clean surface for cutting, and cut it. Determine the weight of the piece to be used, and
place it info a suitably sized vessel for homogenization. Proceed with step 4.

RNA in the RNAlater treated tissue is still protected while the tissue is processed at
18 o 25°C. This allows cutting and weighing of tissues at ambient temperatures. It
is not necessary to cut the tissue on ice or dry ice or in a refrigerated room. The
remaining tissue can be placed into RNAlater RNA Stabilization Reagent for further
storage. Previously stabilized tissues can be stored at -80°C without the reagent.

For unstabilized fresh or frozen tissues:

If the entire piece of tissue can be used for RNA isolation, place it directly into a suitably
sized vessel for disruption and homogenization, and proceed immediately with
step 4.

If only a portion of the fissue is to be used, determine the weight of the piece to be
used, and place it into a suitably sized vessel for homogenization. Proceed immediately
with step 4.

RNA in tissues is not protected affer harvesting until the sample is treated with
RNAlater RNA Stabilization Reagent, flash frozen, or disrupted and homogenized
in profocol step 4. Frozen animal tissue should not be allowed to thaw during handling.
The relevant procedures should be carried out as quickly as possible.

Note: The remaining fresh tissue can be placed into RNAlater RNA Stabilization
Reagent for stabilization (see Protocol for RNA Stabilization in Tissues with RNAlater
RNA Stabilization Reagent, page 47). However, previously frozen tissue samples
thaw too slowly in the reagent, thus preventing it from diffusing into the tissue quickly
enough before the RNA begins to degrade.

4. Disrupt tissue and homogenize lysate.
Place the weighed (fresh, frozen, or RNAlater stabilized) tissue in a suitably sized vessel
for the homogenizer. Add 300 pl Buffer RLT, and homogenize immediately using a

conventional rotor-stator homogenizer until the sample is uniformly homogeneous
(usually 20-40 s). Continue the protocol with step 5.
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Rotor-stator homogenization simultaneously disrupts and homogenizes the sample.

After storage in RNAlater RNA Stabilization Reagent, tissues may become slightly
harder than fresh or thawed tissues. Disruption and homogenization of tissue samples
using standard methods is usually not a problem.

Note: Incomplete homogenization will lead to significantly reduced yields and can
cause clogging of the RNeasy column. Homogenization with rotor—stator homogenizers
generally results in higher total RNA yields than with other homogenization methods.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting”).

Alternative method for disruption and homogenization: The sample can alternatively
be disrupted using a mortar and pestle and homogenized using QlAshredder
homogenizers (cat. no. 79654 or 79656) or a needle and syringe. These methods,
however, generally result in lower RNA yields. Homogenization with rotor-stator
homogenizers is the method of choice for heart, muscle, or skin tissue.

Immediately place the weighed (fresh, frozen, or RNAlater stabilized) fissue in liquid
nitrogen, and grind thoroughly with a mortar and pestle. Decant tissue powder and
liquid nitrogen into a liquid-nitrogen—cooled tube. Allow the liquid nitrogen to evaporate,
but do not allow the tissue to thaw. Add 300 pl Buffer RLT.

Pipet the lysate directly onto a QlAshredder spin column placed in a 2 ml collection
tube, and centrifuge for 2 min at maximum speed. Alternatively, homogenize by
passing the lysate at least 5-10 times through a 20-gauge needle (0.9 mm diameter)
fitted to a syringe. Continue the protocol with step 5.

Note: Ensure that B-ME is added to Buffer RLT before use (see “Important notes before
starting).

Add 590 pl double-distilled water to the homogenate. Then add 10 pl QIAGEN
Proteinase K solution and mix thoroughly by pipetting.

Due to the rigorous denaturing conditions of the homogenate, the water added in
this step does not need to be RNase-free. Do not use the RNase-free water provided
in the RNeasy Mini Kit or the RNase-Free DNase Set for this step.

Incubate at 55°C for 10 min.

Centrifuge for 3 min at 10,000 x g at 20 to 25°C.

A small pellet of tissue debris will form, sometimes accompanied by a thin layer or
film on top of the supernatant.

Pipet the supernatant (approximately 900 pl) into a new tube (not provided).

Avoid transferring any of the pellet. If unavoidable, however, a small amount of
pelleted debris may be carried over without affecting the RNeasy procedure. Hold
the pipet tip under the thin layer or film on top of the supernatant, if present. This
layer will usually adhere to the outside of the pipet tip and should not be transferred.
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10.

11.

12.

13.

14.

15.

Add 0.5 volumes (usually 450 pl) of ethanol (96-100%) to the cleared lysate. Mix
well by pipetting. Do not centrifuge.

A precipitate may form after the addition of ethanol, but this will not affect the RNeasy
procedure.

Pipet 700 pl of the sample, including any precipitate that may have formed, into an
RNeasy mini column placed in a 2 ml collection tube. Centrifuge for 15 s at >8000 x g
(>10,000 rpm). Discard the flow-through.

Reuse collection tube in step 11.

Repeat step 10, using the remainder of the sample. Discard the flow-through.*
Reuse collection tube in step 12.

Pipet 350 pl Buffer RW1 into the RNeasy mini column, and centrifuge for 15 s at
>8000 x g to wash. Discard flow-through.*

and reuse collection tube.

Optional: If on-column DNase treatment using the RNase-Free DNase Set is not
desired, increase the amount of Buffer RW 1 in this step to 700 pl, centrifuge for 15 s
at >8000 x g to wash, and discard flow-through* and collection tube. Continue the
protocol with step 16.

Add 10 pl DNase I stock solution to 70 pl Buffer RDD. Mix by gently inverting the
tube.

Note: DNase | is especially sensitive to physical denaturation. Mixing should only be
carried out by gently inverting the tube. Do not vortex.

Pipet the DNase | incubation mix (80 pl) directly onto the RNeasy silica-gel membrane,
and place on the benchtop (20° to 30°C) for 15 min.

Note: Make sure to pipet the DNase | incubation mix directly onto the RNeasy
silica-gel membrane. DNase digestion will be incomplete if part of the mix sticks to
the walls or the O-ring of the RNeasy column.

Pipet 350 pl Buffer RW1 into the RNeasy mini column, and centrifuge for 15 s at
>8000 x g. Discard flow-through* and collection tube.

* Flow-through contains Buffer RLT or Buffer RW1 and is therefore not compatible with bleach.
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16.

17.

17a.

18.

19.

Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl
Buffer RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash the column. Discard the flow-through.

Reuse the collection tube in step 17.

Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer
RPE before use (see “Important notes before starting”).

Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and
cenfrifuge for 2 min at >8000 x g (10,000 rpm) fo dry the RNeasy silica-gel membrane.
Continue directly with step 18, or, to eliminate any chance of possible Buffer RPE
carryover, continue first with step 17a.

It is important fo dry the RNeasy silicagel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over
during elution.

Note: Following the centrifugation, remove the RNeasy mini column from the collection
tube carefully so the column does not contact the flow-through as this will result in
carryover of ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and
discard the old collection tube with the flow-through. Centrifuge in a microcentrifuge
at full speed for 1 min.

To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet
30-50 pl RNase-free water directly onto the RNeasy silica-gel membrane. Close the
tube gently, and centrifuge for 1 min at >8000 x g (>10,000 rpm) fo elute.

If the expected RNA yield is >30 pg, repeat the elution step (step 18) as described
with a second volume of RNase-free water. Elute into the same collection tube.

To obtain a higher total RNA concentration, this second elution step may be
performed by using the first eluate (from step 18). The yield will be 15-30% less than
the yield obtained using a second volume of RNasefree water, but the final
concentration will be higher.
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Appendix D: Optional On-Column DNase Digestion with
the RNase-Free DNase Set

The RNase-Free DNase Set (cat. no. 79254) provides efficient on-column digestion of
DNA during RNA purification. The DNase is efficiently removed in subsequent wash steps.

Note: Standard DNase buffers are not compatible with on-membrane DNase digestion.
Use of other buffers may affect the binding of the RNA to the RNeasy silica-gel membrane,
reducing the yield and integrity of the RNA.

Lysis and homogenization of the sample and binding of RNA fo the silica-gel membrane
are performed according to the standard protocols. After washing with a reduced volume
of Buffer RW1, the RNA is treated with DNase | while bound to the silica-gel membrane.
The DNase is removed by a second wash with Buffer RW1. Washing with Buffer RPE and
elution are then performed according to the standard protocols.

®  Generally, DNase digestion is not required since the RNeasy silica-membrane
technology efficiently removes most of the DNA without DNase treatment. However,
further DNA removal may be necessary for certain RNA applications that are sensitive
to very small amounts of DNA (e.g., TagMan RT-PCR analysis with a low-abundant
targef). DNA can also be removed by a DNase digestion following RNA isolation.

*  Prepare DNase | stock solution before using the RNase-Free DNase Set for the first
time. Dissolve the solid DNase I (1500 Kunitz units) in 550 pl of the RNase-free water
provided. Take care that no DNase | is lost when opening the vial. Mix gently by
inverting the fube. Do not vortex.

* Do not vortex the reconstituted DNase I. DNase | is especially sensitive to physical
denaturation. Mixing should only be carried out by gently inverting the tube.

®  Forlong-term storage of DNase |, remove the stock solution from the glass vial, divide
it info single-use aliquots, and store at —20°C for up to 9 months. Thawed aliquots
can be stored at 2-8°C for up to 6 weeks. Do not refreeze the aliquots after thawing.

Procedure

Carry out lysis, homogenization, and loading onto the RNeasy mini column as indicated
in the individual protocols. Instead of continuing with the Buffer RW1 step, follow steps
D1-D4 below.

D1. Pipet 350 pl Buffer RW1 into the RNeasy mini column, and centrifuge for 15 s at
>8000 x g (>10,000 rpm) to wash. Discard the flow-through.

Reuse the collection tube in step D3.

D2. Add 10 pl DNase | stock solution (see above) to 70 pl Buffer RDD. Mix by gently
inverting the tube.

Buffer RDD is supplied with the RNase-Free DNase Set.

Note: DNase | is especially sensitive to physical denaturation. Mixing should only be
carried out by gently inverting the tube. Do not vortex.
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D3.

D4.

Pipet the DNase | incubation mix (80 pl) directly onto the RNeasy silica-gel membrane,
and place on the benchtop (20-30°C) for 15 min.

Note: Make sure to pipet the DNase | incubation mix directly onto the RNeasy
silica-gel membrane. DNase digestion will be incomplete if part of the mix sticks to
the walls or the O-ring of the RNeasy column.

Pipet 350 pl Buffer RW1 into the RNeasy mini column, and centrifuge for 15 s at
>8000 x g. Discard the flow-through.* Continue with the first Buffer RPE wash step
in the relevant protocol.

Note: In most of the protocols, the immediately following BufferRW1 wash step is
skipped (as indicated in the protocol). Continue with the first Buffer RPE wash step.

* Flow-through contains Buffer RW1 and is therefore not compatible with bleach.
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Appendix E: Disruption and Homogenization of
RNAlater Stabilized Tissues Using the Mixer Mill MM 300

The Mixer Mill MM 300 allows high+throughput, rapid, and effective disruption of
48 biological samples in 2-4 minutes. Homogenization and disruption with the Mixer Mill
MM 300 gives results comparable to using rotor-stator homogenization.

The following guidelines can be used for disruption and homogenization of RNAlater
stabilized tissues using the Mixer Mill MM 300.

M1.

M2.
M3.

M4.
M5.

Mé.

M7.

M8.

Stabilize tissue in RNAlater RNA Stabilization Reagent as described in the Protocol
for RNA Stabilization in Tissues with RNAlater RNA Stabilization Reagent (page 47).

Pipet 600 pl RNA lysis Buffer RLT into a 2 ml collection tube.

Add one stainless steel bead* to each tube. For best results, we recommend using a
5 mm (mean diameter) stainless steel bead.

Add up to 30 mg tissue (stabilized in RNAlater RNA Stabilization Reagent) per tube.
Homogenize on the Mixer Mill MM 300 for 2 min at 20 Hz. Homogenization time

depends on the tissue used and can be extended until the tissue is completely homog-
enized.

Rotate the Mixer Mill rack to allow even homogenization, and homogenize for another
2 min at 20 Hz.

Centrifuge the tissue sample (including the bead) for 3 min at maximum speed in a
microcentrifuge. Carefully transfer the supernatant to a new microcentrifuge tube
(not supplied) by pipetting. Use only this supernataint (lysate) in subsequent steps.
Do not reuse the stainless steel bead.

Proceed with step 6 of the RNeasy Mini Protocol for Isolation of Total RNA from
Animal Tissue (page 54).

* Stainless steel beads for the Mixer Mill MM 300 are available from F. Kurt Retsch GmbH & Co. KG, Haan,

Germany or their local distributors (see www.retsch.de).
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Appendix F: Guidelines for Other RNAlater Applications

RNA stabilization in cell-culture cells
For RNA stabilization:

Pellet the cells by centrifugation at 300 x g for 5 min. Discard supernatant and wash cells
(e.g., with PBS) to remove all medium. Resuspend the cells in a small volume of PBS
(e. g., 50 pl to 100 pl PBS for 1 x 10¢ cells). Add 5 to 10 volumes of RNAlater RNA
Stabilization Reagent.

Note: Do not add the RNAlater RNA Stabilization Reagent directly to the cell pellet.
Always resuspend the cells first in a small volume of PBS.

For RNA isolation:

Pellet the cells, in the RNAlater RNA Stabilization Reagent, by centrifugation. Remove the
supernatant completely and continue with step 2 of the RNeasy Mini Protocol for Isolation
of Total RNA from Animal Cells, following either the spin protocol (page 32) or the vacu-
um protocol (page 38).

Since RNAlater RNA Stabilization Reagent has a higher density than most cell-culture media,
higher centrifugal forces may be necessary for pelleting the cells. It is recommended to use
small volumes of cells in the reagent (e. g., up to 500 pl) since smaller volumes of cells pellet
efficiently with lower centrifugal force. For example, 500 pl suspensions of Hela cells or
macrophages in RNAlater RNA Stabilization Reagent will pellet efficiently at 3000 x g.

RNA stabilization in white blood cells

RNAlater RNA Stabilization Reagent can be used to stabilize total RNA in white blood
cells. It cannot be used, however, for stabilization of RNA in whole blood, plasma, or
sera. These materials will form an insoluble precipitate upon contact with the RNAlater
RNA Stabilization Reagent. White blood cells must be separated from the red blood cells
and sera prior to adding the reagent. RNA can be stabilized in the separated white blood
cells following the guidelines “RNA stabilization in cell-culture cells” given above.
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Appendix G: Guidelines for RT-PCR

To perform PCR using RNA as a starting template, the RNA must first be reverse transcribed
info cDNA in a reverse transcription (RT) reaction. RT and PCR can be carried out either
sequentially in the same tube (1-step RT-PCR) or separately (2-step RT-PCR).

One-step RT-PCR requires gene-specific primers. For this application, QIAGEN offers the
QIAGEN OneStep RT-PCR Kit (see page 111 for ordering information). Two-step RT-PCR
is generally carried out using oligo-dT primers in the RT step and gene-specific primers in
the PCR step (see Table 7).

Table 7. General guidelines for performing 2-step RT-PCR

Reverse QIAGEN offers Omniscript™ and Sensiscript RT Kits for reverse

transcription:  transcription (see page 111 for ordering information). Omniscript
RT is specially designed for all reverse transcription with any
amount of RNA from 50 ng to 2 pg per reaction. Sensiscript RT is
optimized for use with very small amounts of RNA (1 pg - 50 ng).

Follow the detailed protocol in the accompanying handbook, or,
when using an enzyme from another supplier, follow the supplier’s
instructions. The following guidelines may be helpful.

Mix the following reagents in a microcentrifuge tube:
2.0 pl 10x Buffer RT
2.0 pl NTP Mix (5 mM each dNTP)
2.0 pl oligodT primer (10 pM)
1.0 pl RNase inhibitor (10 units/pl)
1.0 pl Omniscript or Sensiscript RT

x pl template RNA (up to 2 pg with Omniscript RT or up to
50 ng with Sensiscript RT)

Add RNasefree water to a final volume of 20 pl.
® Incubate at 37°C for 60 min.*

PCR: e Add an dliquot of the finished reverse-transcription reaction to
the PCR mix. (No more than 1/5 of the final PCR volume should
derive from the finished reverse-ranscription reaction.)

e Carry out PCR with Tag DNA polymerase as recommended by
the supplier. (We have consistently obtained excellent results
using Tag DNA Polymerase or HotStarTaq DNA Polymerase from
QIAGEN. See page 111 for ordering information.)

* For other enzymes, refer to supplier’s instructions.
2
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Appendix H: Protocol for Formaldehyde Agarose Gel
Electrophoresis

The following protocol for formaldehyde-agarose (FA) gel electrophoresis is routinely used
at QIAGEN and gives enhanced sensitivity for gel and subsequent analysis (e.g. northern
blotting). A key feature is the concentrated RNA loading buffer that allows a larger
volume of RNA sample to be loaded onto the gel than conventional protocols (e.g.
Sambrook, J. et al., eds. (1989) Molecular cloning — a laboratory manual, 2nd ed. Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory Press).

1.2% FA gel preparation
To prepare FA gel (1.2% agarose) of size 10 x 14 x 0.7 cm, mix:
1.2 g agarose
10 ml 10x FA gel buffer (see composition below)
Add RNasefree water to 100 ml
If smaller or larger gels are needed, adjust the quantities of components proportionately.

Heat the mixture to melt agarose. Cool to 65°C in a water bath. Add 1.8 ml of 37%
(12.3 M) formaldehyde* and 1 pl of a 10 mg/ml ethidium bromide* stock solution. Mix
thoroughly and pour onto gel support. Prior to running the gel, equilibrate in 1x FA gel
running buffer (see composition below) for at least 30 min.

RNA sample preparation for FA gel electrophoresis

Add 1 volume of 5x loading buffer (see composition below) per 4 volumes of RNA sample
(for example 10 pl of loading buffer and 40 pl of RNA) and mix.

Incubate for 3-5 min at 65°C, chill on ice, and load onto the equilibrated FA gel.

Gel running conditions

Run gel at 5-7 V/cm in 1x FA gel running buffer.

Composition of FA gel buffers
10x FA Gel buffer
200 mM 3-[N-morpholino]propanesulfonic acid (MOPS) (free acid)
50 mM sodium acetate
10 mM EDTA
pH to 7.0 with NaOH

* Toxic and/or mutagenic. Take appropriate safety measures.
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1x FA Gel Running Buffer
100 ml 10x FA gel buffer
20 ml 37% (12.3 M) formaldehyde*

880 ml RNasefree water

5x RNA Loading Buffer
16 pl saturated aqueous bromophenol blue solutiont
80 pl 500 mM EDTA, pH 8.0
720 pl 37% (12.3 M) formaldehyde*
2 ml 100% glycerol
3084 pl formamide
4 ml 10 x FA gel buffer
RNase-free water to 10 ml
Stability: Approximately 3 months at 4°C

*

Toxic and/or mutagenic. Take appropriate safety measures.

" To make a saturated solution, add solid bromophenol blue fo distilled water. Mix and continue to add more
bromophenol blue until no more will dissolve. Centrifuge to pellet the undissolved powder, and carefully pipet
the saturated supernatant.
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Appendix I: Equipment and Reagent Suppliers*
Rotor-stator homogenizers can be purchased from:

e Kinematica AG; sold by Brinkmann Instruments, Westbury, NY (Polytron® Homoge-
nizers); worldwide, http://www.kinematica.ch

e |KA Works, Cincinnati, OH

e Silverson Machines, Bay Village, OH

e VirTis Company, Gardiner, NY

e |KA Analysentechnik GmbH (Ultra Turrax®)

Bead-mill homogenizers can be purchased from:
e QIAGEN (Mixer Mill MM 200, see ordering information, page 108)

Glass, stainless steel, and tungsten carbide beads can be purchased from:

e  Retsch, Haan, Germany

Lyticase/zymolase can be purchased from:

®  Roche Molecular Biochemicals (formerly Boehringer Mannheim Corp.)
e SIGMA

*  Medac

Lysozyme can be purchased from:

®  Roche Molecular Biochemicals (formerly Boehringer Mannheim Corp.)
e SIGMA

e  SERVA

Substitutes for Nonidet P-40 can be purchased from:
e Fluka (Nonidet P-40 Substitute, cat. no. 74385)
e SIGMA (Igepal CA-630, cat. no. 1 3021)

Vacuum pumps (18-20 liter/min) can be purchased from:

e Inthe USA: KNF Neuberger Inc., 2 Black Forest Road, Edgebrook Park,
Trenton, NJ 086919428
Telephone: 1-609-890-8889

e In Germany: KNF Neuberger GmbH, Alter Weg 3, D-79112 Freiburg
Telephone: (49) 7664-5909-0

* This is not a complete list of suppliers and does not include many important vendors of biological supplies.
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Ordering Information

Product Contents Cat. No.

RNeasy Mini Kit — for isolation of up to 100 pg total RNA from animal cells or
tissues, yeast, and bacteria

RNeasy Mini Kit (50) 50 RNeasy Mini Spin Columns, 74104
Collection Tubes (1.5 ml and 2 ml),
RNasefree Reagents and Buffers

RNeasy Mini Kit (250) 250 RNeasy Mini Spin Columns, 74106
Collection Tubes (1.5 ml and 2 ml),
RNasefree Reagents and Buffers

RNeasy Protect Mini Kit — for stabilization and purification of RNA from biological
samples

RNeasy Protect Mini Kit (50)  RNAlafer RNA Stabilization Reagent (50 ml), 74124
50 RNeasy Mini Spin Columns,
Collection Tubes (1.5 ml and 2 ml),
RNasefree Reagents and Buffers

RNeasy Protect Mini Kit (250) RNAlater RNA Stabilization Reagent 74126
(250 ml), 250 RNeasy Mini Spin Columns,
Collection Tubes (1.5 ml and 2 ml),
RNasefree Reagents and Buffers
RNeasy Plant Mini Kit — for isolation of up to 100 pg total RNA from plants and
fungi
RNeasy Plant Mini Kit (20) 20 RNeasy Mini Spin Columns, 74903
20 QlAshredder Spin Columns,
Collection Tubes (1.5 ml and 2 ml),
RNasefree Reagents and Buffers
RNeasy Plant Mini Kit (50) 50 RNeasy Mini Spin Columns, 74904
50 QlAshredder Spin Columns,
Collection Tubes (1.5 ml and 2 ml),
RNasefree Reagents and Buffers

RNAlater RNA Stabilization Reagent — for stabilization of RNA in animal tissues
RNAI/ater RNA Stabilization 50 ml RNAlater RNA Stabilization Reagent 76104

Reagent (50 ml) for stabilization of RNA in 25 x 200 mg
tissue samples

RNAlater RNA Stabilization 250 ml RNAlafer RNA Stabilization Reagent 76106
Reagent (250 ml) for stabilization of RNA in 125 x 200 mg

tissue samples
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Ordering Information

Product Contents Cat. No.

Accessories
RNase-Free DNase Set — for DNase digestion during RNA purification

RNase-Free DNase Set (50) 1500 units RNase-free DNase |, 79254
RNase-free Buffer, and RNase-free water
for 50 RNA minipreps
QlAshredder Homogenizers — for simple and rapid homogenization of cell and
tissue lysates

QlAshredder (50) 50 disposable cell-lysate homogenizers for 79654
use in nucleic acid minipreparation, caps
QlAshredder (250) 250 disposable celllysate homogenizers for 79656

use in nucleic acid minipreparation, caps

Mixer Mill MM 300 — for simultaneous, rapid, and effective disruption of up to
192 biological samples

Mixer Mill MM 300 Universal laboratory mixer mill Inquire
Buffers and collection tubes

Buffer RLT (220 ml) 220 ml RNeasy Lysis Buffer 79216
Collection Tubes (2 ml) 1000 Collection Tubes (2 ml) 19201

Related products

RNeasy Midi Kit — for isolation of up to 1 mg total RNA from animal cells or tissues,
yeast, and bacteria
RNeasy Midi Kit (10) 10 RNeasy Midi Spin Columns, 75142
Collection Tubes (15 ml), RNasefree
Reagents and Buffers
RNeasy Midi Kit (50) 50 RNeasy Midi Spin Columns, 75144
Collection Tubes (15 ml),
RNasefree Reagents and Buffers
RNeasy Maxi Kit — for isolation of up to 6 mg total RNA from animal cells or tissues,
yeast, and bacteria
RNeasy Maxi Kit (12) 12 RNeasy Maxi Spin Columns, 75162
Collection Tubes (50 ml),
RNasefree Reagents and Buffers
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Ordering Information

Product

Contents Cat. No.

RNeasy Protect Kits — for stabilization and purification of RNA from biological

samples

RNeasy Protect Midi Kit — for isolation of up to 1 mg total RNA

RNeasy Protect Midi Kit (10)

RNeasy Protect Midi Kit (50)

RNAlater RNA Stabilization Reagent 75152
(20 ml), 10 RNeasy Midi Spin Columns,

Collection Tubes (15 ml),

RNasefree Reagents and Buffers

RNAlater RNA Stabilization Reagent 75154
(100 ml), 50 RNeasy Midi Spin Columns,
Collection Tubes (15 ml),

RNasefree Reagents and Buffers

RNeasy Protect Maxi Kit — for isolation of up to 6 mg total RNA

RNeasy Protect Maxi Kit (12)

RNAlater RNA Stabilization Reagent 75182
(100 ml), 12 RNeasy Maxi Spin Columns,
Collection Tubes (50 ml),

RNasefree Reagents and Buffers

RNeasy 96 Kit — for high-throughput RNA isolation from animal cells

RNeasy 96 Kit (4)

RNeasy 96 Kit (24)*

RNeasy 96 BioRobot® Kit (24)!

For 4 x 96 total RNA preps: 74181
4 RNeasy 96 Plates, Collection Microtubes

(1.2 ml), Caps, RNasefree Reagents

and Buffers

For 24 x 96 total RNA preps: 74183
24 RNeasy 96 Plates, Collection Microtubes

(1.2 ml), Caps, RNase-free Reagents

and Buffers

For 24 x 96 total and cytoplasmic RNA 967143
preps: 24 RNeasy 96 Plates, Collection

Microtubes (1.2 ml), Caps, Square-Well

Blocks, RNase-free Reagents and Buffers

* Requires use of either QlAvac 96 or the QIAGEN 96-Well-Plate Centrifugation System.
" For use on the BioRobot 9604, configuration C; please inquire.
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Ordering Information
Product Contents Cat. No.

QlAamp RNA Blood Mini Kit* — for isolation of total RNA from up to 1.5 ml whole
blood
QIAamp RNA Blood Mini Kit  For 20 RNA preps: 20 QlAamp Mini Spin 52303
(20) Columns, 20 QlAshredder Spin Columns,
Collection Tubes (1.5 ml and 2 ml),
RNasefree Reagents and Buffers
Oligotex mRNA Kits* — for purification of mRNA from total RNA
Oligotex mRNA Mini Kit (12) For 12 mRNA minipreps: 200 pl Oligotex 70022
Suspension, Small Spin Columns,
Collection Tubes (1.5 ml),
RNasefree Reagents and Buffers

Oligotex mRNA Midi Kit (12) For 12 mRNA midipreps: 700 pl Oligotex = 70042
Suspension, Small Spin Columns,
Collection Tubes (1.5 ml),
RNasefree Reagents and Buffers

Oligotex mRNA Maxi Kit (6)  For 6 mRNA maxipreps: 700 pl Oligotex 70061
Suspension, Large Spin Columns,
Collection Tubes (1.5 ml),
RNasefree Reagents and Buffers

Oligotex Suspension’

Oligotex Suspension (0.5 ml) 0.5 ml for mRNA isolation from up to 8 mg 79000
of total RNA

QIAGEN RNA/DNA Kits — for parallel RNA and DNA, total, and
low-molecular-weight RNA isolation

QIAGEN RNA/DNA Mini 25 QIAGENHip 20, RNase-free Reagents 14123

Kit (25) and Buffers
QIAGEN RNA/DNA Midi 10 QIAGENHip 100, RNasefree Reagents 14142
Kit (10) and Buffers
QIAGEN RNA/DNA Maxi 10 QIAGEN-ip 500, RNase-free Reagents 14162
Kit (10) and Buffers

* QIAamp Kits are intended as general-purpose devices. No claim or representation is intended for their use

to identify any specific organism or for clinical use (diagnostic, prognostic, therapeutic, or blood banking).
It is the user’s responsibility o validate the performance of QlAamp Kits for any particular use, since the
performance characteristics of these kits have not been validated for any specific organism. QlAamp Kits
may be used in clinical diagnostic laboratory systems after the laboratory has validated their complete system
as required by CLIA '88 regulations in the U.S. or equivalents in other countries.

Larger kit sizes available; please inquire.

Not available in Japan
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Product Contents Cat. No.

Omniscript RT Kit — for reverse transcription using >50 ng RNA

Omniscript RT Kit (50)* For 50 reverse-ranscription reactions: 205111
200 units Omniscript Reverse Transcriptase,
10x Buffer RT, dNTP Mix," RNase-free water
Sensiscript RT Kit — for reverse transcription using <50 ng RNA

Sensiscript RT Kit (50)* For 50 reverse-ranscription reactions: 205211
Sensiscript Reverse Transcriptase,
10x Buffer RT, dNTP Mix," RNase-free water

QIAGEN OneStep RT-PCR Kit — for fast and efficient one-step RT-PCR

QIAGEN OneStep RT-PCR Kit  For 25 reactions: QIAGEN OneStep RTPCR 210210
(25)* Enzyme Mix, 5x QIAGEN OneStep RT-PCR

Buffer,* dNTP Mix,¢ 5x Q-Solution,

RNase-free water
HotStarTaq DNA Polymerase — for hot-start PCR

HotStarTagq DNA Polymerase 250 units HotStarTagq DNA Polymerase, 203203

(250 U)* 10x PCR Buffer,' 5x Q-Solution,
25 mM MgCl,

Taq DNA Polymerase — for standard PCR

Tag DNA Polymerase (250 U)* 250 units Tag DNA Polymerase, 201203
10x PCR Buffer," 5x Q-Solution,
25 mM MgCl,

RNampliFire Kit — for rapid isothermal RNA amplification

RNampliFire Kit (100) For 100 RNampliFire reactions: 215142

RNampliFire Enzyme Mix,
RNasefree NTPs, Reagents, and Buffers

ProofStart™ DNA Polymerase — for high-fidelity PCR

ProofStart DNA Polymerase 100 units ProofStart DNA Polymerase, 202203
(100 U) 10x ProofStart PCR Buffer,**
5x Q-Solution, 25 mM MgSO,

Other kit sizes and/or formats available; please inquire.
Contains 5 mM each dNTP

Contains 12.5 mM MgCl,

Contains 10 mM each dNTP

Contains 15 mM MgCl,

**Contains 15 mM MgSO,
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Trademarks

Patented or patentpending technology and/or registered or registration-pending trademark
of QIAGEN: QIAGEN®, QlAamp®, QlAshredder™, QlAvac, BioRobot®, HotStarTagq™,
Oligotex®, Omniscripf™, ProofStart™, RNeasy®, and Sensiscript™.

Corex is a registered frademark of Corning, Inc.

DU is a registered trademark of Beckman Instruments Inc.

Igepal is a registered trademark of Rhone-Poulenc, Inc.

LightCycler is a registered trademark of Idaho Technology Inc.

NASBA is a registered trademark of Organon Teknika.

Nonidet is a registered trademark of Shell Chemicals.

Polytron is a registered trademark of Kinematica.

“RNAlater™” is a trademark of AMBION, Inc., Austin, Texas and is covered by various
U.S. and foreign patents.

TagMan is a registered trademark of Roche Molecular Systems, Inc.

Ultra Turrax is a registered trademark of IKA-Analysentechnik GmbH.

Registered names, trademarks, etc. used in this document, even when not specifically
marked as such, are not to be considered unprotected by law.

The PCR process is covered by U.S. Patents 4,683,195 and 4,683,202 and foreign
equivalents owned by Hoffmann-La Roche AG.

Purchase of QIAGEN products for PCR is accompanied by a limited license to use them
in the Polymerase Chain Reaction (PCR) process for research and development activities
in conjunction with a thermal cycler whose use in the automated performance of the PCR
process is covered by the up-front license fee, either by payment to Perkin-Elmer or as pur-
chased, i.e. an authorized thermal cycler.

RNampliFire products are developed, designed and sold for research and development
purposes only. They are not to be used for commercial purposes nor for diagnostic or drug
purposes and shall not be administered to humans. All due care and attention should be
exercised in the handling of many of the materials described in this text.

RNampliFire products utilize the "NASBA” technology which is based on isothermal tran-
scription-based enzymatic nucleic acid amplification, covered by the following patents
and their foreign counterparts: US Patents 5,130,238, 5,409,818, and 5,554,517 ; Euro-
pean Patents 329,822 and 487,628; and which technology is licensed by QIAGEN from
Organon Teknika.
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QIAGEN Companies

Please see the inside front cover for contact information for your local QIAGEN office.

QIAGEN Distributors

Argentina

Tecnolab S.A.

Charlone 144 - 1427

Capital Federal

Tel: (011) 4555 0010
Fax: (011) 4553 3331
E-mail:  info@tecnolab.com.ar
Web site: www.tecnolab.com.ar

Austria/Hungary/Slovenia

R. u. P. MARGARITELLA

Ges. m.b.H.

BIOTRADE

Breitenfurter StraBe 480

1230 Wien-Rodaun

Austria

Tel: (01)889 18 19

Fax:  (01)889 181920
Email:  BIOTRADE@TELECOM.AT

Belgium/Luxemburg
Westburg b.v.

P.O. Box 214

3830 AE Leusden

The Netherlands

Tel: 0800-1-9815
Fax:  (31) 334951222
E-mail:  info@westburg.nl
Web site: www.westburg.nl

Brazil

Uniscience do Brasil

Av. Candido Portinari, 933/937
05114-001 Séo Paulo - SP

Brazil

Tel: 011 3622 2320
Fax: 011 3622 2333
E-mail: info@uniscience.com
Web site:  www.uniscience.com
China

Gene Company Limited

Unit A, 8/F., Shell Industrial Building
12 Lee Chung Street
Chai Wan, Hong Kong, P.R.C.

Tel: (852)2896-6283
Fax: (852)25159371
E-mail:

Hong Kong: info@genehk.com

Beiing:  gene@public2 bfa.net.cn
Shanghai:  gene@public.sta.net.cn
Chengdu:  gene@public.cd.sc.cn
Guangzhou:

gzyitao@public.guangzhou.gd.cn

Cyprus

Scientronics Ltd

34, Zenonos Sozou Str.

1075 Lefkosia

Phone: 02765 416

Fax: 02-764 614

E-mail: sarpetsa@spidernet.com.cy

Czech Republic
BIO-CONSULT spol. s.r.o.
BoZejovicka 145

142 01 Praha-Libus

Tel: (02)4447 1239
Fax  (02)47 29792
Email:  biocons@login.cz
Web site: www.bio-consult.cz

Denmark
Merck Eurolab A/S
Roskildevej 16

2620 Albertslund

Tel: 43 86 87 88

Fax: 43 86 88 89

Email:  info@merckeurolab.dk

Web site: www.merckeurolab.dk

Egypt

Clinilab

P.O. Box 12 El-Manial

4, 160 St., EEtehad Square
Riham Tower, EF-Maadi

Cairo

Tel: 5257212

Fax: 5257210

Email:  Clinilab@intouch.com
Finland

Merck Eurolab Oy

Niittyrinne 7

02270 Espoo

Tel: (091804 551

Fax: (09)-804 55200
Email:  info@merckeurolab fi

Web site: www.merckeurolab. fi

Greece
BioAnalytica S.A.
11, Laskareos Sir.
11471 Athens

Tel: (01)640 03 18
Fax:  (01)646 27 48
Email:  bioanalyt@hol.gr
India

Genetix

C-88, Kirti Nagar

Lower Ground Floor

New Delhi-110 015

Tel: (0111542 1714
or (011):515 9346

Fax:  (011)546 7637
Email:  genetix@vsnl.com
Israel

Westburg (Israel) Ltd.
1, Habursekai St. Kiriat Ha'asakim
Beer Sheva 84899

Tel: 08 66 50 813

or 1-800 20 22 20 (toll free)
Fax: 08 66 50 934
Email:  info@westburg.co.il

Web site: www.westburg.co.il

Korea

LRS Laboratories, Inc.
SongBuk P.O. Box 61
Seoul, 136-600

Tel: (02) 92486 97

Fax: (02) 924-86 96
E-mail:Irslab@nownuri.net

Malaysia

Research Biolabs Sdn. Bhd.
79A Jalan SS15/4C

Subang Jaya

47500 Petaling Jaya, Selangor
Tel: (03)-7312099

Fax  (03)7318526
Email:  biolabs@tm.net.my

Mexico

Quimica Valaner S.A. de C.V.
Jalapa 77, Col Roma

Mexico D.F. 06700

Tel: (5) 525 57 25
Fax:  (5) 525 56 25
E-mail:  qvalaner@infosel.net.mx

The Netherlands

Westburg b.v.

P.O. Box 214

3830 AE Leusden

Tel: (033)-4950094
Fax: (033)-4951222
Email:  info@westburg.nl
Web site: www.westburg.nl

New Zealand
Biolab Scientific Ltd.
244 Bush Road
Albany, Auckland

Tel: (09)9806700

or 0800933966
Fax:  (09)9806788
E-mail:  info@biolab.co.nz

Web site: www.biolab.co.nz

Norway

Merck Eurolab AS

Postboks 45, Kalbakken

0901 Oslo

Kakkelovnskroken 1

Tel: 22 90 00 00

Fax: 22 9000 40

E-mail:  info@merckeurolab.no
Web site: www.merckeurolab.no

Poland
Syngen Biotech Sp.z.0.0.
ul.Legnicka 62 A

54-204 Wroclaw

Tel: (071) 351 41 06
or 0601 70 60 07

Fax: (071) 351 04 88

E-mail:  info@syngen.com.pl

Web site: www.syngen.com.pl

Portugal

IZASA PORTUGAL, LDA

Rua do Proletariado, 1 - Quinta do
Paizinho

2795-648 Carnaxide

Tel: (1)-424 73 64

Fax: (1)-417 26 59

Singapore

Research Biolabs Pte Ltd

211 Henderson Road #14-01
Henderson Industrial Park
Singapore 159552

Tel: 2731066
Fax: 2734914
Email:  biolabs@singnet.com.sg

Slovak Republic

BIO-CONSULT Slovakia spol. s.r.o.
RuZova dolina 6

SK-821 08 Bratislava

Tel/Fax:  (07) 50 221 336
E-mail:  bio-cons@post.sk

Web site: www.bioconsult.cz

South Africa

Southern Cross Biotechnology (Pty) Ltd
P.O. Box 23681

Claremont 7735

Cape Town

Tel: (021) 671 5166

Fax:  (021) 6717734

E-mail:  info@scb.co.za

Web site: www.scb.co.za

Spain

IZASA, S.A.

Aragén, 90

08015 Barcelona

Tel: (93) 902.20.30.90
Fax: (93) 902.22.33.66
Sweden

Merck Eurolab AB
Fagerstagaton 18A
16394 Spanga

Tel: (08) 621 34 00
Fax:  (08) 760 45 20
E-mail:  info@merckeurolab.se

Web site: www.merckeurolab.se

Taiwan
TAIGEN Bioscience Corporation
3F. No. 306, Section 4

Chen-Der Road

Taipei

Taiwan, R.O.C.

Tel: (02) 2880 2913

Fox  (02) 28802916
Email:  taigen@ms10.hinet.net
Thailand

Theera Trading Co. Ltd.

64 Charan Sanit Wong Road
(Charan 13) Bangkokyai
Bangkok 10600

Tel: (02) 4125672
Fax: (02) 4123244
E-mail:  theetrad@samart.co.th

QIAGEN Importers

Saudi Arabia

Abdulla Fouad Co. Ltd.

Medical Supplies Division
Prince Mohammed Street

P.O. Box 257, Dammam 31411
Kingdom of Saudia Arabia

Tel: (03) 8324400
Fax:  (03) 8346174
E-mail:

sadiq.omar@abdullo-fouad.com

All other countries
QIAGEN GmbH, Germany


http://www.qiagen.com/qiagenww.html
http://www.qiagen.com/qiagenww.html
QIAGEN
Follow the blue text link to find the lastest contact information from QIAGEN offices and distributors posted on our website.
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