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Abstract

The Total RNA 6000 Nano Kit was used with the Agilent 2100 bioana-
lyzer to determine the integrity and the concentration of small RNA
(i.e., 5.8S, 5S RNAs and tRNA) samples extracted with different proto-
cols from various cell lines. The small RNAs fraction (<200 bp) should
also contain microRNAs in their primitive (pri-miRNA), precursor (pre-
miRNA) and mature (miRNA) forms. The data analysis software auto-
matically reports the corresponding RNA concentrations for each sam-
ple in a range between 5 and 500 ng/jl. Moreover, the performance of
Agilent 2100 bioanalyzer was compared to the most commonly used
techniques for RNA separation, detection and quantitation. Compar-
isons between different techniques were based on sensitivity and quan-
titative accuracy. The advantages of detection sensitivity and accuracy,
coupled with a rapid and automated system, indicate that analyses per-
formed by Agilent 2100 bioanalyzer are superior to the leading alterna-

tives.
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Introduction

Isolation of pure and intact RNA is
essential for several applications
but the concentration and integri-
ty of total RNA preparations is sig-
nificantly affected by the specific
purification process used. Applica-
tions may include RT-PCR, prepa-
rations of targets for microarrays,
ribonuclease protection assays,
preparations of cDNA libraries
and Northern blotting among oth-
ers. Recently, the importance of
low molecular weight RNAs (miR-
NAs, siRNAs, and snRNAs, etc.)
has been outlined in different
studies!. In particular, the impor-
tance of a new class of small RNA,
namely microRNAs (miRNAs), has
been highlighted. MicroRNAs are
small RNA molecules encoded by
the genomes of plants and ani-
mals. These highly conserved,
~21-mer RNAs regulate the
expression of genes binding the
3'-untranslated regions (3'-UTR)
of specific mRNAs. Each miRNA
is thought to regulate multiple
genes, and since hundreds of
miRNA genes are predicted to be
present in higher eukaryotes the
potential regulatory circuitry
afforded by them is enormous.

It has been hypothesised that in
higher eukaryotes, the role of miR-
NAs in regulating gene expression
could be as important as the tran-
scription factors. Therefore, tech-
niques that allow an accurate
detection of small RNA quality
and quantity are highly important.

Standard protocols for the isola-
tion of total RNA and mRNA actu-
ally are not optimized for recovery
of small RNA molecules and may

lead to the loss of substantial
amounts of miRNAs and other
small RNAs. For example, if RNA
is isolated using the traditional
glass fiber filtration, it most likely
lacks a complete representation
of small RNAs. Therefore, it is of
crucial importance to develop an
efficient and accurate method to
determine the integrity and the
concentration of total and small
RNAs, prepared with different
RNA isolation procedures or
when purchasing commercially
available purified RNAs. The per-
formance of the Agilent 2100 bio-
analyzer to separate, detect and
quantitate small RNAs is com-
pared to the most commonly used
techniques. Samples extracted
with different protocols and from
various cell lines were evaluated.
Comparisons between techniques
were based on sensitivity and
quantitative accuracy.

Materials and methods

Total RNA extration and small RNAs
enrichment protocols

Total RNA (sample A) was
extracted with MirVana™ miRNA
Isolation Kit (Ambion) according
to manufacturer’s instructions.
This kit also provides specific
procedures to isolate and enrich
small RNAs (LMW) (samples 2
and 4) from higher molecular
weight (HMW) RNAs (i.e, 28S, 18S
and 5.8S) (samples 1 and 3).

Cell lines

Two cell lines, one lymphoblas-
toid and one human brain tumor
(U118), were cultured using stan-
dard procedures. Cells were

trypsinized and pelleted by cen-
trifugation. Approximately 10°
cells for each extraction were
resuspended in the appropriate
lysis solution contained in the kit
and treated according to manufac-
turer’s instructions.

Denaturing gels

All samples (500 ng) were
resolved into 15 % polyacrylamide
TBE-Urea gel and 1 % agarose
MOPS-formaldehyde gel stained
with ethidium bromide.

Agilent chip preparation

RNA samples were analyzed with
the Total RNA 6000 Nano Kit,
specifically optimized for the
analysis of total RNA with the Agi-
lent 2100 bioanalyzer. The chips
were loaded and run on the Agi-
lent 2100 bioanalyzer according to
manufacturer’s instructions .

Agilent 2100 bioanalyzer instrument
and software

The Agilent 2100 expert B.02.02
software includes data collection,
presentation and interpretation
functions. Data can be displayed
as a gel-like image and/or as elec-
tropherogram(s). The RNA profile
is automatically displayed as indi-
vidual electropherograms. An
additional data evaluation tool is
available for data comparison that
allows to compare files from mul-
tiple chips. The Agilent 2100 bio-
analyzer is equipped with indepen-
dent high voltage power supplies
connected to 16 platinum elec-
trodes, which allow multiple and
precisely controlled injections
and separations. The instrument
uses fluorescence detection, by
monitoring the emission between
670 nm and 700 nm.



Results and discussion

We purified RNA from different
samples, using two different RNA
extraction procedures according
to MirVana™ miRNA Isolation Kit
instructions. The first is designed
to recover total RNA (sample A)
and the other one, specific for
small RNA enrichment, is able to
efficiently separate RNA mole-
cules of approximately 200 nt
from the larger ones (samples 1
and 3). Following the latter proce-
dure the resulting RNA prepara-
tions (samples 2 and 4) are highly
enriched for low molecular weight
(LMW) RNAs (5.8S, 5S, tRNA,
miRNAs, siRNAs, and/or snRNAs
both single- and double-stranded
species). This enrichment proto-
col can be useful in all the experi-
ments requiring the removal of
predominant large RNAs, for
example, for accurate analysis of
miRNA expression by QPCR or
microarray analysis. Moreover, an
accurate quantitation is important
for a lot of procedures including
the determination of the correct
amount of RNA template needed
for RT-PCR and microarray label-
ing reactions or the minimum
amount needed in a Northern blot.

All RNA samples, obtained follow-
ing these two protocols, were sep-
arated on a denaturing agarose
and polyacrilamide gels. Briefly,
each sample (500 ng) were loaded
on 1 % agarose gel and stained
with ethidium bromide in order to
estimate the quality and quantity
of RNA sample. Results were com-
pared to the Agilent 2100 Bioana-
lyzer digital gel (figure 1A) and to
the corresponding electrophero-
grams. (figure 1B). Comparing the
agarose gel sample electrophore-
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Figure 1

A) Agarose gel (1 %, left) of total RNA (sample A), small RNAs (LMW) (samples 2 and 4) and
higher molecular weight (HMW) RNAs (samples 1 and 3) (500 ng per sample) extracted with

MirVana™ miRNA Isolation Kit (Ambion) compared to the digital gel (right) obtained with Agilent

2100 bioanalyzer (L=ladder) (500 ng per sample).

B) Comparison of Agilent 2100 bioanalyzer electropherograms of sample A (total RNA), 1
(HMW RNA) and 2 (LMW RNA). Peak “a” (insert) was detected only in total and HMW RNA
samples (A and 1) but not in LMW RNA (2) enriched sample.




ses (figure 1A) we were able to
efficiently detect 18S and 28S
rRNA bands while LMW RNA
were visualized as faint, smeary
bands. These evidences suggest
that agarose gel does not repre-
sent an efficient system to detect
the quality and quantity of small
RNA and to verify the enrichment
protocol efficiency. On the con-
trary, the Agilent 2100 bioanalyzer
can easily detect an intense peak
at 100-175 bp due to small RNA
fragments located under the 0.2 kb
band of the ladder. Taking into
account the electropherograms of
samples A, 1 and 2, and by exam-
ining the early electropherogram
region (from 25 to 200 bp) in
more detail, it was possible to
identify different profiles (figure
1B insert). In particular, sample A
shows a more defined profile due
to small RNAs, even if it was not
possible to completely resolve the
various species (5.8S, 5S, miRNA
and tRNA). sample 1 shows a pro-
file similar to sample A in the
later part (18S and 28S RNAs) of
the electropherogram but not in
the first part (small RNAs) where
only one peak is retained with
comparable concentrations (peak
“a” in the insert of figure 1B).
Interestingly, the two extraction
protocols seem to similarly retain
the HMW RNAs but not the smaller
ones with the same efficiency.
The small RNAs enriched sample
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Figure 2

Polyacrylamide gel (15%) of total RNA (sample A), small RNAs (LMW) (samples 2 and 4) and
higher molecular weight (HMW) RNAs (samples 1 and 3) (500 ng per sample) extracted with
MirVana™ miRNA Isolation Kit (Ambion) stained with ethidum bromide.

(sample 2) has no HMW RNAs
detectable in the electrophero-
gram but presents a higher con-
centration of small RNAs, if com-
pared to sample 1. In LMW RNA
samples (samples 2 and 4) peak
"a" is undetectable.

Furthermore, all samples (500 ng)
were run on 15% polyacrylamide
gel and stained with ethidium bro-
mide (figure 2). From the compar-
ison of sample electrophoreses we
were able to efficiently detect
5.8S, 5S rRNA and tRNA bands in
total RNA (sample A) and in small
RNAs enriched preparations (sam-
ples 2 and 4). Although 15 % acry-

lamide gel electrophoresis pro-
vides highly resolved profiles of
LMW RNAs (5.8S, 5S and tRNA) it
is not a feasible method to obtain
information about the quality and
quantity of high molecular weight
RNA (i.e. 28S and 18S) and low
molecular weight RNAs in the
same run. We may hence con-
clude that the Agilent 2100 bioan-
alyzer is able to detect the quality
and quantity not only of high?4
but also of low molecular weight
RNAs and offers information
about the efficiency of small
RNAs enrichment protocols.



The sensitivity and accuracy of
the Agilent 2100 bioanalyzer in
detecting the presence of small
RNAs in a total RNA sample were
also evaluated using six dilutions
of sample A, (with the total RNA
concentration ranging from 1 pg/pL
to 100 ng/pL and the correspond-
ing small RNA fractions ranging
from 117 to 5 ng) and comparing
the electropherograms to 1 %
agarose gel runs (figure 3 and
table 1).

Comparison of the gel images of
small ribosomal RNAs has clearly
shown the higher sensitivity of the
Agilent 2100 bioanalyzer to detect
small RNAs bands that cannot be
visualized on the agarose gel. The
bioanalyzer was able to consis-
tently detect as little as 5 ng of
LMW RNA out 100 ng of total
RNA. When an agarose gel was
stained with ethidium bromide, at
least 500 ng of total RNA were
necessary for a consistent detec-
tion of small RNA fraction. In the
case of RNA extraction from limit-
ed tissue sources (i.e, biopsies),
most of the RNA sample is con-
sumed in running the gel. Due to
the high sensitivity of the bioana-
lyzer, only small quantities of a
precious sample are needed to
obtain meaningful information
about the integrity and quantity of
different molecular weight RNAs.
Moreover, with minimal amount of
RNA sample the new Series II
RNA 6000 Pico kit provides a sen-
sitivity enhancement in a factor of
100-200x.
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Figure 3

A) Agarose gel (1 %) of 1 pg (a), 0.5 pg (b), 0.25 pg (c) and 0.125 pg (d) of sample A.

B) Electropherograms of 1 pg (blue), 0.5 pg (green), 0.25 pg (cyan), and 0.125 pg (red) of
sample A. Inset: Expansion of the small RNAs fraction.

Total RNA (Sample A) 1 pg 0.5 pg 0.25 pg 0.1 pg
Small RNAs 117 ng 70 ng 29 ng 5ng
Table 1

Total RNA (sample A) dilutions and relative small RNAs concentrations obtained from the
bioanalyzer software result table.




Conclusions

With the increased interest in
expression profiling applications,
there has been a steadily growing
demand for faster, more automat-
ed analysis tools consuming mini-
mal sample amounts. Lab-on-a-
Chip technology is particularly
well suited for the rapid analysis
of nucleic acids because it inte-
grates multiple experimental
steps. With the introduction of the
Agilent 2100 bioanalyzer, sample
handling, separation and analysis
have been integrated in a more
automated manner. Chip-based
analysis offers several benefits
over existing technology including
reduced sample consumption,
minimal manual intervention,
increased analysis speed and data
precision, and minimized expo-
sure to hazardous materials. The
Agilent 2100 bioanalyzer shows
excellent performance for quanti-
tative and qualitative analysis also
of low molecular weight RNA
samples. As the separations are
performed, RNA samples (high
and low molecular weight) are
detected and analyzed in real-time,

and the digital output facilitates
easy data exchange. There are no
additional staining, destaining or
imaging steps before data extrac-
tion. The ability to accurately
determine sample concentration,
while simultaneously checking
integrity and purity with the Agi-
lent 2100 bioanalyzer, is a valuable
advantage over current competi-
tive technologies. Automation of
both the separation and data
analysis makes the Agilent 2100
bioanalyzer easy to use, while the
superior performance makes it an
ideal tool for the analysis of nucle-
ic acids. Moreover, significant
advantages are represented by the
data analysis and comparison
functions, which are embedded in
the software. No additional time
consuming steps, such as scanning
or densitometric analysis are
required.

The RNA 6000 Nano LabChip kit
can be used with the Agilent 2100
bioanalyzer to measure both the
quantity and the integrity/purity
also of small RNAs. The integra-
tion of these two measurements
provides a simple and quick assay

that consumes minimal sample
amounts, has a high sensitivity,
accuracy, reproducibility and a
better resolution compared to the
agarose gel. The combination of
the intercalating dye used in the
assay and the fluorescent detec-
tion used by the system enables
detection of small concentration
differences between samples that
may not be detected using tradi-
tional gel electrophoresis. The sys-
tems provides a more precise
quantitation of different molecular
weight RNA compared to the
rough estimate obtained from gel
electrophoresis.

At the moment, identification of
small RNA species obtained with
the RNA 6000 Nano kit is better
than that achieved using agarose
gels but not comparable to that of
acrylamide gels in terms of resolu-
tion. However, unlike acrylamide
gel electrophoresis it provides
simultaneous assessment of high
and low molecular weight RNAs
which is a useful feature to esti-
mate high molecular weight conta-
minations of low molecular weight
RNA samples.



References

1.

Zamore PD, Haley B,
“Ribognome: the big world of
small RNAs”, Science,Sep 2;
309 (5740), 1519-24, 2005.

2.

Deborah Vitale, “Comparing per-
formance of the Agilent 2100 Bio-
analyzer to traditional RNA analy-
sis techniques”, Agilent Publica-
tion Number 5980-2206E, 2002.

3.

Samar Lightfoot, “Quantitation
comparison of total RNA using
the Agilent 2100 bioanalyzer,
ribogreen analysis and UV spec-
trometry”, Agilent Publication
Number 5988-7650EN, 2003.

4.

Meike Kuschel, “Analysis of total
RNA with the Agilent 2100 Bio-
analyzer”, Agilent Publication
Number 5968-7493E, 2001.



Andrea Masotti, Gene Expression and
Microarrays Laboratory, Bambino
Gesu Children’s Hospital, Rome,
Italy. Viviana Caputo, CSS-Mendel
Institute, Rome, Italy and Scientific
Institute Casa Sollievo della Sofferen-
za, San Giovanni Rotondo, Italy.
Sabrina Prudente, CSS-Mendel Insti-
tute, Rome, Italy and Scientific Insti-
tute Casa Sollievo della Sofferenza,
San Giovanni Rotondo, Italy; Unit of
Endocrinology and Diabetes, Scientif-
ic Institute Casa Sollievo della Sof-
ferenza, San Giovanni Rotondo,ltaly.
Gian Franco Bottazzo, Scientific
Directorate - Bambino Gesu Chil-
dren’s Hospital, Rome, Italy.

Correspondence should be addressed to:
Andrea Masotti Ph.D.

Gene Expression and Microarrays
Laboratory

Bambino Gesi Children’s Hospital
Pza S. Onofrio 4,

00165 Rome - ITALY

E-mail: andrea_maso@yahoo.it

Fax: 0039 06 233 234 321

www.agilent.com/chem/genomics

© Agilent Technologies 2006

Published July 1, 2006
Publication Number 5989-5215EN

o Agilent Technologies



