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Chromatography of RNA at elevated denaturing temperatures using
the WAVE " Nucleic Acid Fragment Analysis System and an RNASep™
Cartridge is presented as a new method for the analysis of RNA. This
strategy provides a safe and reliable alternative to the classical
methods of RNA quality determination.

Introduction

In cells, genetic information flows
from DNA to RNA to protein. RINA is
therefore the key intermediary containing
critical information pertaining to genetics
and proteomics. RNA is also the starting
material in numerous molecular investi-
gations involving the characterization of
known messenger RNA (mRNA), the
identification of unknown genes and
the assignment of functions to vatious
proteins. A major factor determining
the rate of success in applications such
as cDNA library construction, Northern
blot analysis, reverse-transcription (RT),
and ## situ hybridization analysis is the
quality of the RNA starting material. A
number of labor-intensive, hazardous
and lengthy techniques are currently
available for RNA analysis. Quality deter-
mination is generally performed by gel
electrophoresis followed by ethidium
bromide staining and visualization by
fluorescence (1), or by Northern blotting
and hybridization using specific probes.
The quality of the RNA analyzed by
these classical procedures is jeopardized
by the presence of ribonucleases in the
analysis buffer, the gel and the electro-
photesis apparatus. The RNA analyzed
cannot be recovered and used in down-
stream applications.

Here, we present a faster, safer, less
labor intensive and highly accurate alter-
native method for RNA analysis. RNA
chromatography using the WAVE
Nucleic Acid Fragment Analysis System
equipped with an RNASep Cartridge
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provides a reliable means for determin-
ing RNA integrity. Our results indicate
that RNA purified with the WAVE Sys-
tem 1s more stable than the original
RNA sample applied.

Materials and Methods

The WAVE System with the RN ASep
Cartridge (internal diameter of 7.8 mm
and a length of 50 mm) and triethyl-
ammonium acetate (TEAN) were pro-
vided by Transgenomic, Inc. (Omaha,
NE). The RNA ladder was purchased
from Roche Molecular Biochemicals (In-
dianapolis, IN). Total RNA and mRNA
samples were obtained from Clontech
(Palo Alto, CA). Standard buffers used
were: (A) 0.1 MTEAA and (B) 0.1 M
TEAA, 25% acetonitrile (ACN). In vitro
transcription kits for RNA synthesis
were purchased from Ambion (Austin,

RNA chromatography was carried out
under denaturing conditions at
75°C using the WAVE System and the
RNASep Cartridge. The stationary phase
in the RNASep Cartridge consists of a
nonporous alkylated poly(styrene-
divinylbenzene) bead matrix. The mo-
bile phase consists of a two-eluant
buffer system composed of buffer A
and buffer B. Buffer A consists of 0.1 M
triethylammonium acetate (TEAA), pH
7.0, and buffer B consists of 0.1 M
TEAA at pH 7.0 containing 25% aceto-
nitrile (ACN) by volume.

RNA eluting from the column was
detected with a UV detector at 260 nm,

and the data were recorded and dis-
played as chromatograms by the WAVE
System’s WAVEMAKER™ Software.
Gradient conditions applicable to Fig-
ures 1 and 4 are presented in Table 1.
Gradient conditions applicable to Fig-
ures 2 and 3 are presented in Table 2.

Results and Discussion

RNA samples, size markers, total
RNA and mRNA can be analyzed on
the WAVE System using an RNASep
Cartridge. RNA, which readily under-
goes degradation by ribonucleases or
chemical hydrolysis, is remarkably stable
during analysis on the WAVE System.
In addition, this system provides a
high-resolution capability for RNA
analysis. This is exemplified in Figure 1
i which well-resolved RNA peaks were
observed for an RN A ladder containing
five fragments ranging in size from 310
to 1517 nts.

The WAVE System can also be used
to determine the integrity of RNA tran-
scripts. To demonstrate this application,
different plasmid vectors carrying an
RINA polymerase promoter were linear-
ized with restriction endonucleases and
transcribed Zi zitro to create single RNA
transcripts of a specific size. Each
transcript was then analyzed individually
using the WAVE System in order to
determine its quality. In Figure 2, the
chromatograms of individual transcripts
were superimposed. The purity and
stability of each of these transcripts is
clearly demonstrated by the presence of
a single peak. In Figure 3,a 2876-nt
transcript was analyzed on the WAVE
System and its chromatogram reveals
the presence of smaller size transcripts
and/or degraded RN A in the sample.
When RNA undergoes degradation it 1s
broken down into smaller fragments
which have a weaker interaction with the
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RINASep Cartridge and thus elute faster.
This 1s shown by the presence of smaller
peaks to the left of the 2876-nt peak.

Total RNA and mRNA samples can
also be analyzed on the WAVE System.
Figures 4a and 4b demonstrate the high
degree of stability of these samples in
our system. Peaks corresponding to ri-
bosomal and mRNA samples provide a
highly accurate visual way of determin-
ing the quality of RN A samples. For ex-
ample, the quality of oligo(dT)-cellulose
purified mRNA is shown in Figure 4b
in which, even though it contains some
ribosomal RN A contamination, no deg-
radation is observed.

In these experiments, analysis of large
RINA samples is achieved in less than 18
minutes and results are highly reproduc-
ible. In addition, each RNA peak can be
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quantitated by peak integration (per-
formed automatically by WAVE-
MAKER™ Softwate), purified by peak-
capture and directly used in downstream
applications (2). Since RNA detection 1s
petformed by UV spectroscopy at 260
nm, there is no need for the use of
harmful chemicals such as ethidium bro-
mide. The UV detector provides a pow-
erful detection limit as low as 1 ng per
peak. No signs of RNA degradation
were observed during analysis on the
WAVE System. Furthermore, RNA pu-
rified by peak capture showed an increase
in stability. This is demonstrated by the
fact that the purified RNA could be
stored for days at room temperature, or
for months at -20°C or -70°C with no
sign of degradation. The observed in-
crease in stability of the collected RINA 1s
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believed to be due to the complete re-
moval of RNases during the chromato-
graphic process. The collected RINA
samples can be precipitated or used di-
rectly (in the collection buffer) in down-
stream applications such as RT-PCR (3).
The WAVE System, therefore, allows
for a fast, accurate, safe, and automated
alternative to the classical methods of
RNA quality assessment.

Conclusions

Here, we have shown that RNA can
be analyzed quickly and easily by RINA
chromatography carried out on the
WAVE System at an elevated tempera-
ture. RNA 1s very stable under the analy-
sis conditions and in the collection buff-
ers used.
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Figure 1: RNA ladder (1 ug.) analyzed on the WAVE System.
An RNA ladder containing five fragments ranging in sise from 310 fo 1517 nty was analyzed on the
WAVE System to demonstrate the high-resolution capability of the RNASep Cartridge.

Table 1
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Gradient Conditions for Figures 1, 4a, and 4b

Time (minutes) Buffer A (%) Buffer B (%) Flow Rate Temperature (°C)
(ml/min)
0 62 38 0.90 75
1 60 40
16 40 60
22 34 66
22.5 30 70
23 0 100
24 0 100
25 62 38
27 62 38
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Figure 2: RNA transcripts analyzed on the WAVE System.
The plasmid pALTER-ExT (Promega, Madison, WI) was linearized with Prn I and transeribed with SP6 RNA polymerase to yield a 317-nt
transeript. The other transeripts were obtained by transcribing the linearized plasmid pPNGGM (kindly provided by Maryam M. Matin, Unirersity of
Sheffreld, UK). Ace 1, Sma I and Xba 1 digestion yeelded the 731, 998- and 2328- nucleotide transcripts, respectively. Each franseript was obtained and
analyzed separately. Single chromatograms are superimposed and show the degree of purity and stability of each transcript produced.
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Figure 3: RNA transcript analyzed on the WAVE System.
A plasmid vector was specifically digested and transcribed in vitro to create a single RNA transeript. This transcript was analyzed on the WAVE
System; the chromatogram reveals the presence of impurities in the RNA created. Smaller sise transcripts and/ or degraded RNA peaks are shown to the
left of the 2876-nt transcript peak.
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Table 2

Gradient Conditions for Fi

ures 2 and 3
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Time (minutes) Buffer A (%) Buffer B (%) Flow Rate Temperature (°C)
(ml/min)
0 62 38 0.90 75
30 40 60
32 0 100
35 62 38
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Figure 4a: Mouse brain total RNA analyzed on the WAVE System.

Figure 4b: Oligo(dT)-cellulose purified mouse brain mRNA
analyzed on the WAVE System.

Mouse brain total RNA (20 ug) and mouse brain mRINA (5 ug) were analyzed on the WAV'E System. The mouse brain mRNA (Clontech,
Palo Alto, CA) was isolated by two rounds of poly(A)* RNA selection.
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*PCR is a process covered by patents issued and applicable in certain countries. ADS Biotec does not encourage or support the
unauthorized or unlicensed use of the PCR process.

WAVE is a trademark, and RNASep, ADS Biotec, YOUR PATH TO DISCOVERY, and the logo are trademarks of ADS Biotec. © 2021 ADS
Biotec. Printed in the U.S.A.
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ADS Biotec is currently the sole producer of the Transgenomic-designed WAVE Nucleic Acid Fragment Analysis System, RNASep™
columns (Part #: RNA-99-3810), and the referenced HPLC Buffers used as the eluents in this work.
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