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RiboGreen ® RNA Quantitation Reagent And Kit

R-11491 RiboGreen® RNA Quantitation Reagent
R-11490 RiboGreen® RNA Quantitation Kit
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RiboGreeff RNA quantitation reagent is an ultrasensitive ?
fluorescent nucleic acid stain for quantitating RNA in solution. g
Molecular Probes offers the RiboGreen reagent either as a stand- E 1000 -
alone product (R-11491) or as part of a convenient kit (R-11490),
which also includes concentrated assay buffer and a ribosomal
RNA standard. Detecting and quantitating small amounts of
RNA is extremely important for a wide variety of molecular 0 ‘ ‘ ‘ ‘
biology procedures. These include measuring yields afro 0 10 20 30 40 50
transcribed RNA and measuring RNA concentrations before per- RNA (ng/mL)

forming Northern blot analysis, S1 nuclease assays, RNase pro-
tection assays, cDNA library preparation, reverse transcription Figure 1. Dynamic range and sensitivity of the RiboGreen RNA
PCR and differential display PCR. quantitation assay. For the high-range assay (panel A), RiboGreen re-

The most commonly used technique for measuring nucleic agent was diluted 200-fold into 10 m-M Tris-HCI, 1 mM E_DTA, pH7.5
acid concentration is the determination of absorbance at 260 nmgjesig?]tt?r%n”;loggmel_rﬁggﬁg:ﬂi?';&? i‘r’]"?slzadg:rdt;z T;'\;“:;:]Ztee
(A,.,)- The major disadvantages of the absorbance-based : _— "

. S - assay (panel B), RiboGreen reagent was diluted 2000-fold into TE,

method are the large relative contribution of proteins and free y (p ) R gent was ciu :

. ) . ; and 100 pL of the reagent solution was added to microplate wells con-
nucleotides to the signal, the interference caused by contami- taining 100 L of ribosomal RNA in TE. Samples were excited at

nants commonly found in nucleic acid preparations and the rela- 485 + 10 nm and the fluorescence emission intensity was measured at

tive insensitivity of the assay (anof 0.1 corresponds to a 530 +12.5 nm using a fluorescence microplate reader. Fluorescence
4 pg/mL RNA solution). The use of sensitive, fluorescent emission intensity was then plotted versus RNA concentration.

nucleic acid stains alleviates many of these problems.
Our RiboGreen RNA guantitation reagent enables researchers

to quantitate as little as 1 ng/mL RNA with a fluorescence achieved with ethidium bromide—based as8dys200-fold and
microplate reader, standard spectrofluorometer or filter fluorom- exceeds that achieved with ultraviolet absorbance determination
eter, using fluorescein excitation and emission waveleAgths. by 1000-fold. The linear range for quantitation with RiboGreen

The excitation maximum for RiboGreen reagent bound to RNA reagent extends over three orders of magnitude in RNA concen-
is ~500 nm and the emission maximum is ~525 nm. Using a tration — from 1 ng/mL to 1 pg/mL RNA — using two dye con-
fluorescence microplate reader, as little as 200 pg RNA can be centrations (Figure 1). The high-range assay allows quantitation
detected in a 200 pL assay volumm@&his sensitivity exceeds that of 20 ng/mL to 1 pg/mL RNA and the low-range assay allows
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quantitation of 1 ng/mL to 50 ng/mL RNA. This linearity is Experimental Protocol
maintained in the presence of several compounds commonly

found tocontaminate nucleic acid preparations, including nucleo- Overview

tides, salts, urea, ethanol, chloroform, detergents, proteins and Two different dye concentrations are required to achieve the
agarosé. In addition, although the RiboGreen reagent also bindsfull linear dynamic range of the RiboGreen RNA quantitation as-
to DNA, pretreatment of mixed samples with DNase can be useday. Before preparing the working solution of RiboGreen reagent
to generate an RNA-selective assggeeEliminating DNA from (seeReagent Preparatiobelow), decide whether you wish to
Samplesat the end of this document). perform thehigh-range assay (20 ng/mL to 1 pg/mL RNA),
low-range assay (1 ng/mL to 50 ng/mL RNA) or both. De-
scribed below are protocols for performing both procedures. In

Contents and Storage addition, the procedure below has 2 mL assay volumes and is de-
signed for use with standard fluorescence cuvettes. To perform
RiboGreen RNA Quantitation Reagent (R-11491) microplate assays, reduce the indicated volumes appropriately.

RiboGreen RNA gquantitation reagent is provided as a1 mL For example, 200 pL assay volumes are recommended for use
concentrated dye solution in high-quality, anhydrous dimethyl-  with 96-well microplates.
sulfoxide (DMSO). The DMSO stock solution should be stored
frozen at -20°C and protected from light. Allow the reagentto  Assay Buffer Preparation
warm to room temperature before opening vial. When stored TE assay buffer, 10 mM Tris-HCI, 1 mM EDTA, pH 7.5, is
properly, the RiboGreen reagent is stable for at least one year. used for diluting the RiboGreen reagent and for diluting RNA
Sufficient RiboGreen reagent is supplied for 200 high-range samples. It is imperative that the TE solution used is free of con-
assays or 2000 low-range assays with a sample volume of 2 mLtaminating nucleases and nucleic acids. Clean disposable gloves
With a microplate reader and a 96-well microplate, the assay volshould be worn during handling and preparation of all materials
ume is reduced to 200 pL and 2000 high-range assays or 20,00@nd solutions. All solutions should be prepared in sterile dispos-

low-range assays can be performed. able plasticware or nuclease-free glassware, using nuclease-free
pipettes. The 20X TE buffer that is included in the RiboGreen

RiboGreen RNA Quantitation Kit (R-11490) RNA Quantitation Kit is nuclease-free and nucleic acid—free.

» RiboGreen RNA quantitation reagent(Component A), Prepare the 1X TE working solution by diluting the concentrated
1 mL solution in DMSO buffer (Component B) 20-fold with nuclease-free water. Nu-

e 20X TE (Component B), 25 mL of 200 mM Tris-HClI, clease-free water should be prepared by treating distilled, deion-
20 mM EDTA, pH 7.5 (20X TE) in DEPC-treated water ized water with 0.1% diethyl pyrocarbonate (DEPC), incubating

* Ribosomal RNA standard(16S and 23S rRNA from for several hours at 37°C and autoclaving for at least 15 minutes
E. coli; Component C), five vials, each containing 200 pL at 15 Ibs/sq. inch to sterilize the water and eliminate DEPC.
of a 100 pg/mL solution in TE Caution; DEPC is a suspected carcinogen and should be

handled with care. Compounds containing amines, such as

The RiboGreen reagent supplied in the kit is exactly the sameTris, will react rapidly with DEPC and should be added to DEPC
as the reagent sold separately; as described above, the DMSO treated water only after DEPC is removed by heating. Removal
stock solution should be stored frozen at -20°C and protected of DEPC by heating is also important to prevent carboxyethyla-
from light. The ribosomal RNA standard should be stored at  tion of the RNA samplé.
4°C for daily use and frozen at -20°C or -70°C for long-term
storage. Avoid repeated freeze-thaw cycles, which can result in Reagent Preparation
strand scission. The 20X TE should be stored at room tempera- On the day of the experiment, prepare an aqueous working so-
ture. Sufficient RiboGreen reagent is supplied for 200 to 2000 lution of the RiboGreen reagent by diluting an aliquot of the con-
assays using a 2 mL assay volume or 2000 to 20,000 assays useentrated DMSO stock solution into TE. If performing the
ing a 200 pL assay volume in 96-well microplates. Sufficient  high-range assay, dilute 200-fold. For example, to prepare
20X TE assay buffer is supplied for 200 assays using a2 mL  enough working solution to assay 20 samples in 2 mL volumes,
assay volume or 2000 assays using a 200 pL assay volume.  add 100 pL RiboGreen RNA quantitation reagent to 19.9 mL

TE. If performing théow-range assay, dilute 2000-fold. For

Handling and Disposal example, to prepare enough working solution to assay 20

Care should be taken to prevent RNase contamination of the samples in 2 mL volumes, add 10 pL RiboGreen RNA quanti-
RiboGreen reagent and kit components. Clean disposable glovesition reagent to 20.0 mL TE. We recommend preparing these
should be worn while handling all materialSaution: no data solutions in sterile, disposable, polypropylene plasticware rather
are available addressing the mutagenicity or toxicity of Ribo- than glassware, as the reagent may adsorb to glass surfaces. Pro-
Green RNA quantitation reagent. Because this reagent binds totect the working solutions from light by covering them with foil
nucleic acids, it should be treated as a potential mutagen and or placing them in the dark, as the RiboGreen reagent is suscep-
handled with appropriate care. The DMSO stock solution shouldible to photodegradation-or best results, these solutions
be handled with particular caution as DMSO is known to facili- should be used within a few hours of their preparation.
tate the entry of organic molecules into tissues. We strongly rec-
ommend using double gloves when handling the DMSO stock RNA Standard Curves
solution. As with all nucleic acid reagents, solutions of Ribo- 1.1 Prepare a 2 pg/mL solution of RNA in TE using nuclease-
Green reagent should be poured through activated charcoal be- free plasticware. Determine the RNA concentration on the basis
fore disposal. The charcoal must then be incinerated to destroy of absorbance at 260 nm (A in a cuvette with a 1 cm path-
the dye. length; an A, of 0.05 corresponds to 2 pg/mL RNA. For a stan-
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Table 1. Effects of several compounds that commonly contaminate
nucleic acid preparations on the signal intensity of the RiboGreen RNA prepare the standard curve should be treated the same way as the

quantitation assay

Compound Maximum % Signal
Acceptable Change*
Concentration
Salts
Ammonium acetate 20 mM 4% decrease
Sodium acetate 20 mM 11% decreasp
Sodium chloride 20 mM 15% decreass
Zinc chloride 1 mM 9% decrease
Magnesium chloride 0.5 mM 9% decrease
Calcium chloride 0.1 mM 2% increase
Cesium chloride 10 mM 8% decrease
Guanidinium thiocyanate 10 mM 9% decrease
Urea 3M 13% decrease
Organic Solvents
Phenol 0.5% 5% decrease
Ethanol 20% 10% decrease
Chloroform 2% 15% increase
Detergents
Sodium dodecyl sulfate 0.05% 10% decreage
Triton X-100 0.5% 8% decrease
Proteins
Bovine serum albumin 0.2% 11% decreasp
IgG 0.02% 4% decrease
Other Compounds
Formamide 10% 12% decrease
Sucrose >500 mM 4% decrease
Boric acid 100 mM 15% decrease
Poly(ethylene glycol) 10% 10% decreasq
Agarose 0.2% 3% increase
* The compounds were incubated at the indicated concentrations with
RiboGreen reagent in the presence of 1.0 mg/mL ribosomal RNA. All
samples were assayed in a final volume of 200 pL in 96-well microplatps
using a fluorescence microplate reader. Samples were excited at
485+ 10 nm and fluorescence intensity was measured at 3206 nm.

Thus, to serve as an effective control, the RNA solution used to

experimental samples and should contain similar levels of such
compounds.

1.2 For thehigh-range standard curveilute the 2 pg/mL RNA
solution into disposable cuvettes (or nuclease-free plastic test
tubes for transfer to quartz cuvettes or microplates) as shown in
Table 2. For théow-range standard curve, dilute the 2 pg/mL
RNA solution 20-fold into TE to make a 100 ng/mL RNA stock
solution, and then prepare the dilution series shown in Table 3.

1.3Add 1.0 mL of the appropriate aqueous working solution of
RiboGreen reagent (preparedieagent Preparatigrto each
cuvette. Thdigh-range working solution should only be used
for performing thehigh-range assay and thiew-range working
solution should only be used for performing kb-range assay.
Mix well and incubate for 2 to 5 minutes at room temperature,
protected from light.

1.4Measure the sample fluorescence using a spectrofluorometer
or fluorescence microplate reader and standard fluorescein wave-
lengths (excitation ~480 nm, emission ~520 nm). To ensure that
the sample readings remain in the detection range of the fluoro-
meter, set the instrument’s gain so that the sample containing the
highest RNA concentration yields a fluorescence intensity near
the fluorometer’s maximum. For optimal detection sensitivity,

the instrument gain may be increased for the low range assay
relative to the high range assay. To minimize photobleaching ef-
fects, keep the time for fluorescence measurement constant for all
samples.

1.5Subtract the fluorescence value of the reagent blank from that
of each of the samples. Use corrected data to generate a standard
curve of fluorescence versus RNA concentration.

Sample Analysis

2.1Dilute the experimental RNA solution in TE to a final vol-
ume of 1.0 mL in disposable cuvettes or test tubes. You may
wish to prepare more than one dilution of the experimental
sample. High dilutions of the experimental sample may serve to
diminish the interfering effect of certain contaminants. However,
extremely small sample volumes should be avoided because they
are difficult to pipet accurately. In addition, the level of assay
contaminants should be kept as uniform as possible throughout
an experiment, to minimize sample-to-sample signal variation.
For example, if a series of RNA samples contain widely differing
salt concentrations, then they cannot be compared to a single

Table 2. Protocol for preparing high-range standard curve.

dard curve, we commonly use 16S and 23S ribosomal RNA, al-
though any purified RNA preparation may be used. The riboso-
mal RNA standard, provided at 100 pg/mL in the RiboGreen
Kit, can simply be diluted 50-fold in TE to make the 2 pg/mL
working solution. For example, 40 pL of the RNA standard
mixed with 1.96 mL of TE will be sufficient for the standard
curve described below. Itis sometimes preferable to prepare the
standard curve with RNA similar to the type being assayed.
However, we have found that most single-stranded RNA mol-
ecules yield approximately equivalent signals. Our results have
shown that the assay remains linear in the presence of several
compounds that commonly contaminate nucleic acid prepara-
tions, although the signal intensity may be affected (Table 1).

Volume (uL) | Volume (uL) Volume (uL) Final RNA

of TE of 2 ug/mL of 200-fold Concentration
RNA Stock Diluted in RiboGreen

RiboGreen Assay

Reagent

0 1000 1000 1 pg/mL

500 500 1000 500 ng/mL

900 100 1000 100 ng/mL

980 20 1000 20 ng/mL

1000 0 1000 blank
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standard curve. To avoid this problem, simply adjust the concenTable 3. Protocol for preparing low-range standard curve.

tration of contaminants to be the same in all samples, if possible,

_SeeEIiminating DNA from Samplédsr information on eliminat- VOIET-?E(HL) ;ﬂ%@ié‘/ﬁ_ X]? I;gﬁ;o&tlol_l()j Cg;lagnlfrgﬁon
ing DNA from the sample. RNA Stock Diluted in RiboGreen
RiboGreen Assay

2.2 Add 1.0 mL of the aqueous working solution of the Ribo- Reagent

Green reagent (preparedFiueag_ent Preparatigrto each 0 1000 1000 50 ng/mL

sample. Incubate for 2 to 5 minutes at room temperature, pro-

tected from light. 500 500 1000 25 ng/mL
900 100 1000 5 ng/mL

2.3 Measure the fluorescence of the sample using instrument

parameters that correspond to those used when generating your 980 20 1000 1 ng/ml

standard curve (see step 1.4). To minimize photobleaching 1000 0 1000 blank

effects, keep the time for fluorescence measurement constant for
all samples.

2.4 Subtract the fluorescence value of the reagent blank from tha8.2 Add 0.11 volume of 10X DNase digestion buffer to each
of each of the samples. Determine the RNA concentration of theDNA-containing sample (for example, to @l sample, add
sample from the standard curve generateRNi\ Standard 1L 10 X buffer).
Curves

3.3 Add ~5 units of RNase-free DNase | pegy of DNA thought
2.5The assay may be repeated using a different dilution of the to be in the sample.
sample to confirm the quantitation results.

3.4 Incubate the sample at 37°C for 90 minutes.
Eliminating DNA from Samples

RiboGreen reagent also binds to DNA. Fluorescence in 3.5Dilute the sample at least 10-fold into TE to diminish effects

samples that is due to RiboGreen reagent binding to DNA can bef the digestion buffer salts on the RiboGreen assay procedure.
eliminated by pre-treating the sample with RNase-free DNase,
ensuring that the entire sample fluorescence is due to dye bound3.6 Perform the RiboGreen assay as described above.
to RNA.

3.1Prepare 10X DNase digestion buffer: nuclease-free 200 mM
Tris-HCI, pH 7.5, containing 100 mM MgCand 20 mM CaCl
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Product List current prices may be obtained from our Web site or from our Customer Service Department.

Cat # Product Name Unit Size
R-11490 RiboGreen® RNA Quantitation Kit *200-2000 @SSAYS™ .....cvrurererererererererererererererereresesesesssesesesesesssesesssessassesssssesesssssssssessssssssssses 1 kit
R-11491 RiboGreen® RNA quantitation reagent *200-20,000 assays* .. 1mL
T-11493 20X TE bUffer *RINASE frEE™ ... .ottt st e e e st e et e b e st e e b e e b e et e e bt e bt e se e b e e seeneeas 100 mL
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Contact Information

Further information on Molecular Probes' products, including product bibliographies, is available from your local distributor or directly from Molecular
Probes. Customers in Europe, Africa and the Middle East should contact our office in Leiden, the Netherlands. All others should contact our Technical Assis-
tance Department in Eugene, Oregon.

Please visit our Web site — www.probes.com — for the most up-to-date information

Molecular Probes, Inc. Molecular Probes Europe BV
PO Box 22010, Eugene, OR 97402-0469 PoortGebouw, Rijnsburgerweg 10
Phone: (541) 465-8300 e Fax: (541) 344-6504 2333 AA Leiden, The Netherlands

Phone: +31-71-5233378 ® Fax: +31-71-5233419
Customer Service: 7:00 am to 5:00 pm (Pacific Time)

Phone: (541) 465-8338 e Fax: (541) 344-6504 e order@probes.com Customer Service: 9:00 to 16:30 (Central European Time)
Phone: +31-71-5236850 @ Fax: +31-71-5233419
Toll-Free Ordering for USA and Canada: eurorder@probes.nl

Order Phone: (800) 438-2209 e Order Fax: (800) 438-0228

Technical Assistance: 9:00 to 16:30 (Central European Time)
Technical Assistance: 8:00 am to 4:00 pm (Pacific Time) Phone: +31-71-5233431 e Fax: +31-71-5241883
Phone: (541) 465-8353 e Fax: (541) 465-4593 e tech@probes.com eurotech@probes.nl

Molecular Probes’ products are high-quality reagents and materials intended for research purposes only. These products must be used by, or directly
under the supervision of, a technically qualified individual experienced in handling potentially hazardous chemicals. Please read the Material Safety Data
Sheet provided for each product; other regulatory considerations may apply.

Several of Molecular Probes’ products and product applications are covered by U.S. and foreign patents and patents pending. Our products are not
available for resale or other commercial uses without a specific agreement from Molecular Probes, Inc. We welcome inquiries about licensing the use of our
dyes, trademarks or technologies. Please submit inquiries by e-mail to busdev@probes.com. All names containing the designation © are registered with the
U.S. Patent and Trademark Office.

Copyright 2001, Molecular Probes, Inc. All rights reserved. This information is subject to change without notice.
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