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A Warmer Reception
Omoshile Clement, Rolf Müller and Judy Müller-Cohn at Biomatrica Inc discuss the background and current
state of the technology for storage, preservation, archiving, shipping and management of DNA samples
at ambient conditions

It is often critical to maintain the integrity and quality of nucleic acids for use in
downstream analysis. For more than 50 years, researchers have defaulted to
freezing biological samples at -20ºC or -80ºC as a means of preservation and
storage. Technologies for analysing nucleic acids have evolved through the years,
although information about new storage technologies of these bio-samples has not
garnered as much attention within the life science and research communities.
Storing and preserving the quality of nucleic acids at ambient room temperature
therefore represents a paradigm shift with significant savings in cost, environmental
impact and ensured sample integrity.
In the life sciences, the research
landscape is changing dramatically; this
is largely due to significant innovations
in genomics research that have continued
to drive down costs while delivering
innovative tools for genome sequencing
(human and other species), and the
potential realisation of the concept of
personalised medicine. The genomicsbased tools drive new scientific
discoveries, enabling researchers to
explore complex biological processes
and diseases in an integrative and
quantitative manner via ‘systems
biology’ approaches (1). These advances
are concomitantly driving the increased
collection, storage and analysis of
large amounts of biological samples.
The global drive to perform large
population-based studies, afforded by
the low-cost technologies in genomics
and translational research, is creating
a huge need for warehousing and
managing such large collections in both
commercial and academic institutions.
In the US alone, there are more than
40,000 individual research laboratories
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located within university campuses,
research institutes and commercial
organisations. Researchers within these
laboratories have assembled very large
collections of biological samples from
clinical and field studies – some
irreplaceable, all representing enormous
scientific and financial value for the
researcher and the organisation. The
collection and storage costs per sample
can be as little as a few dollars to as
high as $10,000, and there are over a
billion of these samples stored globally,
for example DNA and RNA, cells,
clones, tissue organs, blood and buccal
swabs (2). These samples are of
high value to researchers and current
research trends are increasing the
growth of these collections at an
escalating rate.
Unfortunately, the publicity generated
by the significant innovations in
genomics research in the last decade
has not included new technologies for
collecting, shipping, storing, archiving
and managing these biological samples.
The lack of publicity for these new tools
however, has not stopped innovations;
rather it has spurred new ideas and
their adoption.

STORAGE OF BIO-SAMPLES:
COLD FREEZING
Nucleic acid degradation is a
major concern in biomedical research.
Degradation can occur by various
means such as multiple freeze/thaw
cycles, hydrolysis, UV light, elevated
temperatures, oxidation or alkylation
(3). While DNA shows greater stability
at room temperature, the more labile
RNA is far more fragile to preserve
and stabilise, even at extremely
low temperatures.
In a recent article the current default
mode of preservation, shipping and
storing biological samples, predominantly
by cold freezing/refrigeration (4ºC, -20ºC
and -80ºC) was described (4). However,
this approach is fraught with problems:





Multiple freeze-thaw cycles can
lead to sample quality degradation
Cold freezing, especially of
bio-tissues, can lead to cell
membrane damage
Cold refrigeration/freezers
produce hydrofluorocarbons,
a potent greenhouse gas pollutant
in the environment. A report in
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The Economist highlights that the
consumption of a typical ultra-low
temperature freezer at about
7,665kWh per year releasing 54,805
pounds of carbon dioxide is equivalent
to the emission from about four cars
Cold packing and shipping produces
a large amount of waste materials
Power failure or freezer failure can
place samples at risk of degradation
or loss

Despite these deleterious effects of
cold freezing on the quality of preserved
biological assets, it remains the medium
of choice for a large proportion of
biomedical researchers. Alternative
storage technologies are available,
but they have not garnered as much
publicity or attention from the
biomedical research community.
ROOM TEMPERATURE-BASED
STORAGE TECHNOLOGIES
In an article published in The Scientist
the frequently-told stories of large
amounts of legacy biological samples
collected over 20 years and stored in
freezers and refrigerators in research
laboratories were associated with the
type of problems described above (5).
Therefore, alternative approaches
and techniques are required that can
offer better management of the
legacy samples currently warehoused
in cold freezers in laboratories all
over the world, as well as support the
increasingly large growth in sample
collections being undertaken today and
that will be, in the future. Hence, a lowcost, energy efficient and robust nucleic
acid storage method based on ambient
room temperature that offers long-term
stabilisation and preservation of these
biological assets is critical.
Room temperature-based technologies
for long-term storage and preservation of
bio-samples represent a paradigm shift in
stabilising and preserving these fragile
biological materials. In 1988, Leigh
Burgoyne and Craig Fowler at Flinders
University reported the development of
chemicals that, when infused into a
cotton paper, protects DNA from
nucleases, oxidative and UV damage (6).
This was termed Flinders Technology
Associates (FTA) and the technology
was commercially licensed and globally
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distributed. This approach enjoyed wide
adoption as an alternative method of
preserving DNA in blood or buccal cells
at room temperature. Over the years, a
number of drawbacks to using FTA cards
have been observed in terms of the
quality and quantity of recovered nucleic
acids after storage in this medium (7).
A new approach based on mimicry of
natural biological processes of DNA
preservation has led to the development
of novel synthetic formulations that have
been shown to offer better stabilisation,
storage and shipping options for a
wide range of nucleic acids. It mimics
the natural biostability process of
extremophile organisms in how they
preserve their tissues and cells in a dry
state for longer than 100 years and are
still able to resume their normal function
upon hydration. The original observation
of this natural phenomenon was made
as far back as 275 years ago by
Antony van Leeuwenhoek, a Dutch
microbiologist, who first coined the term
‘anhydrobiosis’, or life without water, to
describe this natural phenomenon. In a
series of studies demonstrating this
ability in natural organisms, separate
teams led by Clegg and Crowe described
trehalose, a sugar-based compound, as
offering significant protection of the
double-helical structure of DNA from
degradation (see Figure 1) (8,9). A
comprehensive review of anhydrobiosis
and trehalose stabilisation of nucleic
acids in various organisms has also
been described by Professor John H
Crowe (10).
The principle of anhydrobiosis has now
been applied to develop commercial
reagents for stabilising, preserving and
shipping nucleic acids at ambient room
temperature. The technology has also
subsequently been extended to the
storage and shipping of RNA and
bacteria clones at room temperature.
In general, protection is afforded by
synthetic formulations that create a
protective thermo-stable glass-like
barrier around individual nucleotide
bases of the double-helical DNA
structure. This concept of anhydrobiosis
has been adopted and concomitant
products for RNA or DNA stabilisation
are available in the market today. Other
non-cold methods of nucleic acid
storage involving the use of an inert

Figure 1: DNA protection by trehalose

environment (in the absence of water
and oxygen) have been advocated as
providing long-term preservation for
DNA samples at ambient or elevated
temperatures.
FURTHER RESEARCH
Significant testing and validation of
the various room temperature-based
technologies have been conducted, and
accounts of these research studies are
increasing in the public domain. For
example, Hernandez et al at The Scripps
Research Institute in San Diego, US
applied gene expression array-based
tools to evaluate the quality of RNA
samples (11). These were stored for
four weeks at room temperature and
compared to RNA samples preserved
at -80ºC for the same time period. The
results show that the sample quality
(Bioanalyser RIN scores) and the number
of expressed genes are similar for both
storage conditions, suggesting that
storage and preservation of these fragile
nucleic acids can also be achieved at
ambient conditions. Bonnet et al
provided research data supporting work
on technology for stabilising DNA in
vacuum-sealed containers that affords
long-term stabilisation even at extremely
high temperatures (12). Other major
studies of ambient room temperaturebased stabilisation of nucleic acids have
been performed by forensic scientists
in evaluating how to better preserve
forensic DNA samples, chains of
evidence and retain sample quality all
at reduced costs. Results conclude
that these technologies indeed offer
significant DNA sample integrity, with a
quantitative yield equal to or better than
samples stored at -20ºC (13).
www.samedanltd.com

CONCLUSION

About the authors

Ambient temperature-based nucleic acid
storage and stabilisation technologies
potentially offer significant savings in
cost and energy consumption compared
to current ultra-low temperature storage
methods. A pilot study at Stanford
University provided an initial evaluation
of this technology and the cost savings
that could be accrued upon the adoption
of the technology to approximately 10
million biological sample collections in
cold storage campus-wide (14). The
projected 10-year cost savings were about
$16 million (in total costs), greater than
200,000 million BTUs in energy savings,
and more than 18,000 tons of reduced
carbon dioxide emission. The affordability
and ease of use of this technology has
also been promoted by some genomic
service labs, as well as government
agencies, as a viable alternative to RNA
or DNA shipping in dry-ice boxes (15).
The result? Room temperature-preserved
RNA or DNA samples can be shipped via
standard postage envelopes without the
worry of potential degradation or loss of
sample quality.

Omoshile Clement is the Associate Director of Marketing at
Biomatrica and for the past 12 years has been involved in the
marketing and management of products serving the broader life
science industry. In these positions he managed several products
that cater to biologists (molecular biology, structural/computational
biology) and chemists (computational, PK/PD). Omoshile was a
postdoctoral research fellow at the Environmental Molecular Sciences Laboratory,
Pacific Northwest National Laboratory, Richland, US. He received his BSc in
Chemistry from the University of Ibadan, Nigeria and an MSc and PhD in Chemistry
from Queen’s University in Kingston, Ontario. Email: oclement@biomatrica.com

References
1.

2.

3.

4.

5.

6.

90

Report of the European Conference
on Funding Basic Research in the
life sciences: exploring opportunities
for European synergies, accessed
13 December 2004,
http://ec.europa.eu/research/health/
genomics/funding/bru_aim_en.htm
Iyengar GV, Subramanian KS and
Woittiez Joost RW, Elemental
Analysis of Biological Samples:
Principle and Practices, New York:
CRC Press, p82, 1997

Rolf Müller is co-founder and Chief Scientific Officer of Biomatrica
where he oversees the patent portfolio, laboratory operations, new
product development and strategic alliances. He was most recently
the Director of Assay Development and High Throughput at the
Scripps Research Institute and prior to that served as Director of
Molecular Biology at HK Pharmaceuticals. Rolf holds a BSc in
Agricultural Biology from the Universität Stuttgart-Hohenheim in Germany and a
doctorate in Biochemistry and Molecular Virology from the Pasteur Institute in Paris,
France. He is the author of numerous publications and patents.
Judy Müller-Cohn is co-founder and Chief Executive Officer of
Biomatrica overseeing the strategic direction of the company,
including finance, operations and product commercialisation. Prior
to Biomatrica, Judy was Director of Business Development at Digital
Gene Technologies and was formerly a staff scientist at
Mycogen/Dow AgroSciences. Judy holds a BA from Evergreen State
College, an MSc from Oregon State University and a doctorate from the Pasteur
Institute in Paris, France. She is also the author of numerous papers and patents.

7.

Sigurdson AJ, Ha M, Cosentino M,
Franklin T, Haque KA, Qi Y, Glaser
C, Reid Y, Vaught JB and Bergen
AW, Long-term storage and recovery
of buccal cell DNA from treated
cards, Cancer Epidemiol Biomarkers
Prev 15: p385, 2006

8.

(a) Clegg JS, The origin of trehalose
and its significance during the
formation of encysted dormant
embryos of Artemia salina, Comp
Biochem Physiol, 14: pp135-143,
1965

Shikama K, Effect of freezing and
thawing on the stability of double
helix of DNA, Nature 207:
p529, 1965

(b) Clegg JS, Do dried cryptobiotes
have a metabolism? Anhydrobiosis
pp141-146, 1973

Clement O, Biological sample
storage and management, Lab
Manager: pp26-29, 2009

(c) Clegg JS, Residual water content
of dried but viable cells, Experientia
34: pp734-735, 1978

Dutton G, Thinking outside the ice
box of DNA, The Scientist 19(14):
p28, 2005

9.

Fowler JCS, Harding HWJ and
Burgoyne L, A protocol using an
alkali Blotting procedure for the
analysis of restriction length
fragments of human DNA,
Advances in Forensic
Haemogenetics 2: pp339-345, 1988

10. Crowe JH, Carpenter JF and Crowe
LM, The Role of Vitrification in
Anhydrobiosis, Annu Rev Physiol
60: p73, 1998

Crowe JH and Madin KA,
Anhydrobiosis in tardigrades and
nematodes, Amer (trans), Micros
Soc 93: pp513-524, 1974

11. Hernandez GE, Mondala TS and
Head SR, Assessing a novel room
temperature RNA storage medium
for compatibility in microarray gene
expression analysis, Biotechniques
47(2): pp667-670, 2009
12. Bonnet J, Colotte M, Coudy D,
Couallier V, Portier J, Morin B and
Tuffet S, Chain and conformation
stability of solid state DNA:
implications for room temperature
storage, Nucleic Acids Res pp1-16,
2009
13. Lee SB, Crouse CA and Kline MC,
Optimizing storage and handling of
DNA extracts, Forensic Sci Rev
22(2): pp131-144, 2010
14. Jensen G, Fact Sheet: Room
temperature storage saves energy,
http://sustainable.stanford.edu/sites/
sem.stanford.edu/files/documents/
Stanford_room_temp_storage_fact_
sheet.pdf
15. The Scripps Research Institute,
http://www.functionalglycomics.org/s
tatic/consortium/resources/resource
coree2.shtml

www.samedanltd.com

