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Protecting RNA from degradation, whilst maintaining its biological activity, is essential in molecular biol-
ogy. However, RNA is very sensitive to degradation by ribonucleases, especially at temperatures above
0 ◦C. The stability of RNA was examined at 4 ◦C and −20 ◦C, in a new stabilizing solution consisting of
a low-molarity mixture of chaotropic agents guanidinium and ammonium thiocyanate, a buffer for pH
stabilization, phenol, and yeast RNA. Two substrates were tested for storage: RNA in human plasma posi-
tive for hepatitis C virus (HCV) and naked RNA (purified from HCV positive human plasma or transcribed
NA/DNA conservation
ong-term RNA stability
CV RNA quantitation
CV viral load
ompetitive RT-PCR

in vitro). Stability was followed by viral load estimation, using an in-house competitive RT-PCR assay.
Naked RNA purified from human plasma positive for HCV was stable at 4 ◦C for at least 24 months. An RNA
standard transcribed in vitro was still viable after 36 months of storage at 4 ◦C. Human plasma dilutions
positive for HCV were stable for at least 5 months in this solution when stored at 4 ◦C. It was concluded
that the described stabilizing solution ensures long-term stability on naked RNA at 4 ◦C, and ideal for the
storage of RNA controls and standards for molecular diagnosis, the solution may be used for preserving

ransp
clinical samples prior to t

. Introduction

Most target and signal amplification assays available for molec-
lar detection of mRNA demand well preserved RNA standards for
ontrolling the variability of each step and reaction (Espy et al.,
006; Mulder et al., 1994; Niesters, 2002; Compton, 1991; Van
emen et al., 1994; Pachl et al., 1995). Partially degraded standards
an generate inaccurate values, however ribonucleases (RNases)
re ubiquitous and even slight contamination will lead to RNA
egradation.

The alternatives proposed for RNA protection (Allen et al., 1996;
eidenreich et al., 1993; Jones, 1953, 1963; Köhler et al., 1997;
odriguez et al., 2001; Vemuri, 1995; Wiegand et al., 1975), and
onservation (Kravchenko et al., 2006; Pasloske et al., 2006; Stefan
t al., 2003; Vincek et al., 2003), do not guarantee its long-term
tability in the presence of RNases or temperatures above 0 ◦C.
he simplest and most traditional solution for RNA conservation
as been freezing. Temperatures under −70 ◦C, preceded by snap
reezing in liquid nitrogen, are most often used to prevent the for-
ation of ice crystals, which can also provoke RNA damage (Mook

t al., 2009). However, this method is not feasible for storing RNA
or diagnostic purposes. It increases the cost of specimen storage,
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and repeat freeze–thaw cycles will affect the integrity of the RNA
(Botling et al., 2009; Watson et al., 2007). RNA preservation at 4 ◦C
could be easier and more cost effective for clinical laboratories than
freezing.

This paper describes a simple and effective solution for long-
term storage of RNA at 4 ◦C, which guarantees its preservation with
the integrity required by amplification techniques.

2. Materials and methods

2.1. RNA stabilizing solution

The solution is made up of 0.3–0.6 mol/L ammonium thio-
cyanate (BDH, Poole, England); 0.6–1.0 mol/L guanidinium thio-
cyanate (Sigma, Saint Louis, USA); 35–40% (v/v) phenol (Merck,
Darmstadt, Germany); 5–8% (v/v) glycerol (Sigma, Saint Louis,
USA); 0.1–0.3 mol/L sodium acetate (Sigma, Saint Louis, USA), pH
4–5 adjusted with glacial acetic acid (Merck, Darmstadt, Germany);
and 0.05–0.1 mg/mL RNA from yeast (BDH, Poole, England). Water
was treated with diethylpyrocarbonate (DEPC) from Sigma, Saint
Louis, USA and then sterilized for use. All reagents were of molec-
ular biology grade.
2.2. RNA isolation from stabilized mixtures

The RNA was isolated according to a modification of the Chom-
czynski method (Gonzalez-Perez et al., 2007; Chomczynski, 1993).

dx.doi.org/10.1016/j.jviromet.2010.05.015
http://www.sciencedirect.com/science/journal/01660934
http://www.elsevier.com/locate/jviromet
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However, for samples stored at −20 ◦C the results were more het-
erogeneous. The corresponding averaged values of Log D, similarly
calculated, were 0.61 and 0.14, at 6 and 24 months, respectively.

Table 1
Stability of dilutions of HCV positive human plasma in stabilizing solution stored at
4 ◦C.

VLt (IU/mL) VLm (IU/mL) Log D

VL estimations at 3 months
8.50 × 104 1.69 × 105 0.30
8.50 × 105 7.99 × 105 −0.03

VL estimations at 5 months
08 I. Gonzalez-Perez et al. / Journal of

he stabilizing solution with the internal control (IC) included in
ts working dilution (Gonzalez-Perez et al., 2009) was used as a
ysis reagent at a volume of 500 �L per each 150 �L of sample. The
ublished protocol C (Gonzalez-Perez et al., 2007) was adapted for
uantitative purposes by replacing the 10 min room temperature

ncubation in chloroform with 30 min at −20 ◦C. For naked RNA,
he matrix was simulated by adding 150 �L of cryosupernatant,
egative for HCV, HBV and HIV to the isolation mixture.

.3. Competitive quantitative RT-PCR

An “in-house” competitive RT-PCR assay, using primers from
he HCV 5′UTR, was used for quantitation (Gonzalez-Perez et al.,
005). The external quantitation curve, ranging from 850 IU/mL to
50,000 IU/mL, was made either from an HCV transcript (Gonzalez-
erez et al., 2009) or from HCV positive human plasma. Both were
alibrated against the WHO HCV International Standard 96/790.
he IC transcript, with primer binding regions identical to those
f the HCV target sequence, was also amplified to control tube-to-
ube variations in RT-PCR reactions. Hybridization of HCV and IC
mplicons was carried out using specific probes (Gonzalez-Perez
t al., 2005) and UMELOSA format standardized for quantitation
Gonzalez-Perez et al., 2003).

.4. Data analysis: viral load (VL) estimation and RNA stability
ssessment

Results were normalized by calculating the ratios (R), from HCV
nd IC fluorescent signals. The external calibration curve was built
y weighted linear regression (Montgomery, 1991), from the com-
on logarithms of theoretical viral loads Log10 VLt – x values, and

alculated ratios Log10 R – y values.
RNA stability was inferred by competitive quantitative RT-PCR

see Section 2.3), from viral load estimation of a small 5′UTR
equence of the HCV genome, by calculating Log D values i.e. the
ifferences between the common logarithms of estimated mean
iral loads and the reference viral loads (theoretical or previously
stimated). Log D values within an interval of ±0.5, corresponding
o the variability of the used competitive RT-PCR (reproducibility
ata not shown), were considered not significant from the analyt-

cal point of view, and the samples with these values classified as
table. This ±0.5 Log10 variation is also considered not relevant in
he clinical practice (Shiffman et al., 2003; Pawlotsky, 2003).

.5. Conservation of RNA contained in HCV positive human
lasma

HCV positive human plasma was diluted in negative cryosu-
ernatant to produce three different HCV RNA concentrations in
50 �L aliquots. These samples were mixed in polyethylene tubes
ith 500 �L of the stabilizing solution, already containing the IC

t its competitive dilution. The mixtures were mixed gently and
tored at 4 ◦C for 3–5 months.

RNA stability was assessed by the analysis of Log D values, cal-
ulated at 3 and 5 months of storage with respect to the reference
heoretical viral loads.

.6. Conservation of naked RNA purified from HCV positive
uman plasma
RNA was isolated from six 150 �L aliquots of HCV positive
uman plasma, and resuspended in 20 �L of DEPC treated water.
he RNA aliquots were mixed, homogenized, and quantified by the
ompetitive RT-PCR described in Section 2.3, resulting in a concen-
ration of 1.36 × 106 IU/mL. An RNA volume of 80 �L was diluted in
ical Methods 168 (2010) 207–211

24 mL of the stabilizing solution. The mixture was gently homoge-
nized, divided into 3 mL aliquots, and added to sterile DEPC treated
amber glass flasks. The flasks were stored at either 4 ◦C for stability
evaluation, or at −20 ◦C as a reference for the stability assessment.
Each aliquot was tested in triplicate. RNA stability was estimated
at both temperatures, by analyzing the Log D values calculated at 6
and 24 months with respect to the reference Log10 VL values at 3
months.

2.7. Conservation of a naked RNA standard (IC) synthesized by in
vitro transcription

The IC transcript was diluted in stabilizing solution, to a final
concentration which was 100 times higher than its dilution of
competition. The mixture was homogenized, divided into 500 �L
aliquots, and stored in sterile polyethylene tubes at 4 ◦C. The stabil-
ity of the IC was checked at least once a week by testing its activity
by the competitive RT-PCR assay described previously. For this pur-
pose, positive controls, made from dilutions of HCV positive human
plasma in negative cryosupernatant were quantified. The corre-
sponding Log D values, calculated with respect to the theoretical
VLs, were taken as a measure of the quantitation accuracy achieved.
This was related directly to the stability, physical integrity, and
good performance of the RNA standards employed.

3. Results

3.1. Conservation of RNA contained in HCV positive human
plasma

Dilutions of human plasma positive for HCV were stable in the
stabilizing solution at 4 ◦C for at least 5 months (Table 1). Their Log D
values at 3 and 5 months were within the interval of variability
allowed and were not considered significant.

3.2. Conservation of naked RNA purified from HCV positive
human plasma

Naked RNA purified from HCV positive human plasma was
stable for at least 24 months, when stored as described in the sta-
bilizing solution at 4 ◦C (Table 2). At this temperature the averaged
values of Log D, calculated from the corresponding modular values,
were not significant and were equal to 0.16, at 6 and 24 months.
8.50 × 102 4.97 × 102 −0.23
8.50 × 104 5.86 × 104 −0.16
8.50 × 105 8.05 × 105 −0.02

VL: viral load, VLt: theoretical viral load, VLm: mean VL from two estimates of the
same replicate, Log D: difference between the common logarithms of VLm and VLt.
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3.3. Conservation of a naked RNA standard (IC) synthesized by in
vitro transcription

Table 3 shows data of an IC test for stability assessment. The pos-
itive controls for this assay were quantified using an IC preserved
in the stabilizing solution, at 4 ◦C for 21 months. The parameters of
the calibration curve were: coefficient of determination R2 = 0.9999,
slope S = 0.64, and intercept a = −3.03. Both positive controls were
accurately quantified. Their Log D values were also not significant
(see Table 3).

When stored as described the IC transcript was stable for at least
36 months (data not shown).

4. Discussion

4.1. Conservation of RNA contained in HCV positive human
plasma

The 5-month stability achieved for plasma in the new stabiliz-
ing solution at 4 ◦C, indicates that this mixture would be useful for
storing clinical samples until they can be transported to laborato-
ries for testing. This would be particularly useful considering that
the proposed solution is compatible with a variety of RNA isolation
procedures: phenolic extraction (Sambrook et al., 1989), one step
RNA/DNA isolation (Chomczynski, 1993), and silica isolation (Boom
et al., 1990; Gonzalez-Perez et al., 2007).

4.2. Conservation of naked RNA purified from HCV positive
human plasma

After 6 months of storage at −20 ◦C, the Log D values for the three
replicates tested had decreased outside of the allowed range (see
values in bold and italics in Table 2). This suggests that although
all aliquots were kept under “identical conditions”, they proba-
bly froze unevenly and/or thawed unevenly before testing, causing
variation in their integrity. These results agree with a report by
Avison (2006) that RNA is less stable after defrosting than if the
sample had not been frozen at all.

These results, together with the advantages of storage at 4 ◦C
discussed in Section 4.4, support the conclusion that this temper-
ature is more appropriate for RNA storage in the proposed buffer
than at −20 ◦C.

4.3. Conservation of a naked RNA standard (IC) synthesized by in
vitro transcription
The accuracy achieved when quantifying these positive controls
shows that the IC is stable and performs well when stored in the sta-
bilizing buffer at 4 ◦C. This result agrees with those seen for naked
RNA purified from HCV positive human plasma, and leads us to
conclude that the described stabilizing solution confers long-term

Table 3
Quantitation of positive controls for HCV, employing an IC preserved in stabilizing
solution at 4 ◦C for 21 months.

VL estimations, IC 21 months

VLt (IU/mL) VLe (IU/mL) VLm (IU/mL) Log D

Positive controls for HCV

8.50 × 103
1.47 × 104

1.50 × 104 0.251.52 × 104

8.50 × 104
6.64 × 104

6.00 × 104 −0.155.36 × 104

IC: internal control, VL: viral load, VLt: theoretical viral load, VLe: VL estimates from
different fluorimetric detections of the same replicate, Log D: difference between
the common logarithms of VLm and VLt.
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tability on naked RNA at 4 ◦C. The 36-month stability, achieved for
he IC at 4 ◦C, exceeds those reported for Armored packed RNA at
his temperature namely 11 months (Pasloske, 1999), or 6 months
hen the particles are stored in human plasma (Pasloske et al.,

998), or even as low as 38 days (Pasloske et al., 2006). The achieved
esistance to RNases, makes the proposed stabilizing solution ideal
or storing standards and controls of viral diagnostic assays with
ompatible RNA isolation procedures at 4 ◦C.

.4. Overall discussion

Although RNA protection in lysates of guanidinium isothio-
yanate has been previously reported, those studies used storage
emperatures of −20 ◦C and −80 ◦C (Gilleland and Hockett, 1998).
uanidinium thiocyanate, another chaotropic agent frequently
sed to inhibit RNases (Birnboim, 2003; Chirgwin et al., 1979;
homczynski and Sacchi, 1987; Sambrook et al., 1989), has been
lso used for RNA stabilization, but similarly, at temperatures below
ero and at high molarities (4–6 mol/L).

In this study however, it was found that RNA, naked-purified or
ontained in its natural source, is stable at 4 ◦C in a low-molarity
ixture of chaotropic agents guanidinium and ammonium thio-

yanate, containing a buffer for pH stabilization at 4–6, phenol, and
east RNA.

The demonstrated stability of RNA in the proposed solution may
e explained by the presence of yeast RNA, as indicated by previous
eports that nucleic acids are protected from nuclease degradation
y interacting directly with RNA (Köhler et al., 1997; Wiegand et al.,
975). The long-term stability achieved for naked RNA in the pro-
osed stabilizing solution at 4 ◦C is novel and has not been reported
reviously for any other combination of reagents.

Conservation of RNA at 4 ◦C is very appropriate and advan-
ageous for molecular diagnosis. It is cheaper than freezing, and
nables the reuse of the same RNA aliquot, avoiding the fragmen-
ation of the material into smaller volumes, which is laborious,
ime-consuming, and expensive when dealing with large amounts
f material. The possibility of reuse should also be considered an
dvantage with respect to some commercial assays, whose RNA
tandards have to be discarded after use to avoid contamination
ith RNases.

Although the examples shown are only related to RNA conser-
ation, the proposed mixture could also be used to stabilize DNA
or long-term storage.
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